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ABSTRACT

The purpose of this study was to survey the distribution patterns of volatile organic compounds(VOCs) and form-
aldehyde in the various indoor environments using cluster analysis. We investigated VOCs and formaldehyde in subway
stations, underground shopping areas, medical centers, maternity recuperation centers, public childcare centers, large
stores, funeral houses, and indoor parking lots from June, 2005 to May, 2006. Concentration of TVOCs in matetnity
recuperations was 2,605.7 jig/m’ that was higher than the guideline and other facilities. TVOCs in public childcare cen-
ters was 1,951.6 ng/m’ also it exceeded the guideline. Moreover, concentration of TVOCs in every facility exceeded
the guideline of Department of Environment, Korea. In case of formaldehyde, mean concentration, 336.5 ug/m>, in only
public childcare centers exceeded the 120 pg/m® of the guideline. Finally, by applying cluster analysis, three pattterns
of the indoor air pollutions were distinguished. In the results of analysis, concentrations of TVOCs and formaldehyde

of cluster 3 were higher than cluster 1 and 2 that were 2,561.4 ug/m® and 184.9 pug/m®

, respectively.

Keywords: VOCs, formaldehyde, cluster analysis, receptor method, public facility
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SAA@®), EAAQ), FEEER), FEHEE3), B
HES), ARz AE) ¥ AWNFERFOE R &
7o EAR dEF FTERIEE € U
slolE9] FEREE ARSI Ed o]F AN
ol Al Al glo] thEolgAldE AUE 7]
Zo] a3 09 ERY 2aWRe F8s) B
8] AFA F FAALT Sl AEg ATAER
st

225718859 £3& Tenax-TA(60/80 mesh,
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Table 1. Average concentration of volatile organic compounds in the various indoor environments

(Unit : pg/m?)

Maternity  Public ‘ Under- Indoor

. subway . . ~ Medical Large ground Funeral .
Pollutant Sauna - Library station recuperation childcare center  store shopping house parking

(n=5) (n=3) (n=3) center center (n=6) (n=8) arca (n=3) lot
n=2)  (n=8) e8) (0=9)
Formaldehyde 105.0 34.8 33.0 289 336.5 24.1 98.1 35.8 8.6 49.5
TVOCs 1621.8 12682 1073.6 2604.7 1951.6  931.1 19544 2267.1 15425 14121
Methylchloroform 02 0.0 0.1 0.3 0.1 0.1 0.1 0.1 0.3 0.3
Benzene 48.6 47 52 7.8 7.5 5.1 6.8 10.8 7.8 16.6
Carbontetrachloride 03 0.3 04 0.8 0.8 0.3 0.4 0.6 0.5 0.4
Trichloroethylene 46 1.8 29 213 3.0 2.0 2.8 4.2 24 35
Toluene 89.2 324 65.4 1513 90.6 61.5 83.0 158.0 122.6 91.1
Tetrachloroethylene 22 1.8 2.6 2.3 22 2.1 2.0 2.6 20 2.3
Ethylbenzene 6.3 6.3 13.1 9.0 239 12.1 4.8 10.6 6.7 114
m,p-Xylene 10.8 6.3 15.1 7.6 375 217 42 10.1 6.3 13.7
Styrene 58 2.1 2.6 53 0.6 34 45 112 5.6 44
1,1,2,2-Tetrachloroethane 3.3 4.7 30 3.0 29 2.8 27 43 24 2.7
0-Xylene 6.9 8.0 8.8 84 27.1 149 5.5 12.8 6.5 12.4
1-Ethyl-4-methylbenzene 3.9 3.6 4.0 10.2 79 29 32 57 33 6.7
1,3,5-Trimethylbenzene 3.2 6.1 4.1 9.1 55 2.8 3.6 8.4 5.7 6.8
1,2,4-Trimethylbenzene 6.5 12.7 9.5 253 119 5.2 6.5 19.1 11.5 29.4
1,3-Dichlorobenzene 33 33 3.5 39 2.8 6.6 39 4.6 32 39
1,4-Dichlorobenzene 34 34 3.6 4.1 29 83 40 4.8 33 42
1,2-Dichlorobenzene 2.6 22 238 3.1 29 2.6 3.6 34 24 4.1
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7NaletEe] A BE FARWY tEo]8A1d0lx g H
FEETL 71RAE 2HHL Y Aow A=A

H5A1Ee] AUlgvlEel Egdslolas] BFeEE
3365 ugm’e 2 § oA AABL sl aala
o] Avjiar) F FLdslelze] 7IEAQ] 120 pg/m*S
oF 2.8 I Q= A= AL

FHIANETEY] AE & A PelM e thgol
LAY R AFAe QFEAY) e A ¥ AF
B4 5& 333l 500 ug/m®, 400 pg/m® 2 1,000
pg/m’e 2 HEsle] pABlaL ik B ApoA ok
S AEA Y Tl AN ZAME SRV
s)eHEe] BEset AYolM 7EXe} vlaA] A
T2 A9 HFEET} 2,6057 pgm’sE A #e
Hel Az el tig 71EXI%] 400 pg/m*S < 6.5
H) 2yshe 7HF B2 28-S veERen, B84
IA] BFEE7E 1,951.6 pgm’E 71E5X1Q) 400 pg/m®
S oF 499 23 e AeE FAEU,

M FEAS713HE-2] Toluened] 7% B 3720]
A ZAE BE T 8A A tE A AR
NS EEN HlF 7MY 2 BFEEE Jehth
Toluene THFo. 2 &2 Hdses YERD /BEEE
7183 EZ= AR 2 iR ] 79 Benzene
(zh, 48.6 pg/m’, 6.8 pg/m*e] AFHAAL, BEAHE 2
EAELE mp-Xylene(Zf, 15.1 ug/m®, 37.5 pg/m’,
21.7 pgim*e] E=AFE, A3z, APt Al
2 A EPE-L 12,4 Trimethylbenzene(Z, 127 pg/
m®, 25.3 ug/m’, 19.1 ug/m®, 11.5 pg/m?®, 29.4 pg/m*)R}
Zo7 ZAEAU.
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Fig. 1. A dendrogram using the euclidean distance after

logarithmic transformation.: M.C.-Medical center,
Li-Library, L.S.-Large store, 1.P.-Indoor parking lot,
S.S.-Subway station, F.H.-funeral house, C.C-
Childcare center, Su.-Sauna, M.R.-Maternity recupera-
tion centers.

Table 2. Classified public facilities after cluster analysis

Class n Public facilities
Large store - (7), Medical center - (4), Library -
(2), Indoor parking lot-(1), Sauna - (1), Subway
station - (1), Childcare center - (1), Underground
shopping area - (1)
Sauna - (4), Indoor parking lot - (4), Childcare
center - (4), Funeral house - (3), Underground
shopping area - (3), Subway station - (2), Library
- (1), Medical center ~ (1), Large store - (1)
Indoor parking lot - (4), Underground shopping
3 14 area - (4), Childcare centers - (3), Maternity
recuperation centers - (2), Medical center - (1)

1 18

f=4
B

AEZA, WA EB, WAFREEC, PFEHED, i

AIE, QA EF, UFEAEG, ANEAEG, 4
AW, ASEYAB, BSAEA, A7ID), 28 2
£ 2l vl gA R R ISHITIA, AH7IB, A B
7tC, AAEA, FAWC, FYD, BEYUE, FEH4%
A, AFAAB, FHAHC, TAAC, AHFERAEA, A
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theFs AP F AAAIERE 294 Y BF 53
=B, AUEPEH, AU 1, RSAAE, RS Table 3. Continued
AR, REAAEG, REAEH, ASHAALA, A5G, Pollutants  Class coneentration (ug/m’)  p-
ABAYB, FRALH), 5 3 141 o)A n__ Men SD value
HEWFARC, AWFARD, AHFAPE, At 23 3217
AF, AE2I DA, AFERFUB, AR, A5} Trichloroethylene ~ 2° 18 25 09 p<001
F, A6, AI547TH, B8A4B, HSAEC, B8 3 14 65 65
AAD, EXNHAR BEREYoH oy #glow F 1 23 954 303
BAElx] P o AR E B2HR] Q) Toluene 2 18 57.1 32.6 p<0.01
¥ 14 1451 600
3. ZEE UMRIISEEe 2 E 2 2205
B85 Z2AY o] 81459 $AREE AUsge Tetrachloroethylene  2* 18 2.0 0.2 p<001
b
And 23 19 4% dtedzeh egadel 11 you4 > 0
A AEZ 2 1A e 60% olte AXeaL ooz el
A= Aoz ZAETE olE AlAL ke Aldo| 8] Ethylbenzene 28 18 29 1.3 p<0.01
& A4 el F0AR] Ade 5 28 5 9 F 14 B4 2l
2R 2 AR, ANEAE, waA, Ay v e
W AL 18] ALE 24 2 AR A8 80% mpXylens 218 25 13 p<dll

3 14 305 371

oPIE AAHT Gl A0 BAEAT. oF AR

RS ALEE U U RPAISTES 2 S
o Styrene 2 18 30 13 p<0.01
Zohe o) EAEE dvks 548 25 9 P14 108 107
o 24 3e ASEAE 2 Aspl ol Adw 2 32 14
B 3 AR AR 57% o) Fe Xz M% Ao= 1122 5 1R 28 05 ps00S
AT o) AAMBELS A 3 wAer)EsEe) Tetrachloroethane 14 3'5 1'3 P>
wA9lo] T EAST Lo, 3 87le) At T e 56
Bl Ao EARL 2o 2= g . .
B Adoleke 54E 22 ¢ dtk o-Xylene » 18 40 12 p<001
3° 14 242 249
Table 3. The Concentrations of volatile organic compounds in 1 273 a1 16
each class after cluster analysis 1-Ethyl-4- ' i
Concentration (ug/m?) methylbenzene 2h s > 09 peodl
Pollutants Class v D p-value 3 14 97 58
n ean
1? 23 53 33
1° 23 62.1 954 1,3,5- b
HCHO 2 18 638 653 p<0.05 Trimethylbenzene i i Zé Z; Pt
3° 14 1849 266.2 12 23 12.2 11'1
' 23 14763 6108 124 » 18 56 15 p<ool
TVOCs 2 18 12688 11419 p<0.0l Trimethylbenzene ' ' '
3 14 284 256
3 14 25614 1188.1 1 3 34 0.7
23 02 02 13- T 36 04 p>005
b Dichlorobenzene ’ ' ’
Methylchloroform 2 18 0.1 0.1 p<0.01 3 14 55 5.1
3 14 02 0.1
1* 23 35 0.8
1 23 177 280 14 » 18 38 0.5 p<0.05
Dichlorobenzene ’ ’ ’
Benzene 2 18 59 43 p>0.05 3 14 64 77
14 12.8 5.6 a
1* 23 2.7 0.3
) oz o4 0l Dichloi(,)i_enzene 18 3315 p<0ol
Carbontetrachloride 2 18 0.3 0.1 p<0.01 3b 14 37 0.9
3° 14 0.8 0.8

abePuncan Indicate
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