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ABSTRACT: Recently, due to the airtightness of buildings or the misuse of building materi-
als, we have been witness SHS (Sick House Syndrome) which can have bad influences on the
resident in an existing apartment house as well as newly constructed apartment house start
to attract public attention. As a result of this situation, we went to restrict the TVOC (Total
Volatile Organic Compound) and formaldehyde. But these guidelines concentrated on only
TVOC although TVOC are consist of many individual VOC.,

Therefore, in this study, we will look about concentration change of VOCs (Volatile Organic
Compounds) by using Mock-up test. As result of test, the concentration of four individual
VOC (Benzene, Toluene, Ethylbenzene, Styrene) showed quitely low level after 7 days. On the
other hand the concentration of Xylene and formaldehyde showed low level after 14 days.
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Table 1 The health condition in toluene exposure(g)

Concentration (ppm)

Health condition

2 Odour threshold
37 Probably perceptible to most human beings
50~ 100 Subjective complaints (fatigue, drowsiness, or very mild headache) but probably
no observable impairment of reaction time or coordination
Mild throat and eye irritation; prolonged eye-to-hand reaction time; some im-
200 paired cognitive function; slight headache, dizziness, sensation of intoxication; af-
ter effects: fatigue, general confusion, moderate insomnia
300 Detectable signs of incoordination may be expected during exposure periods up
to 8h
400 Irritation of the eyes and throat and lachrymation; skin paraesthesia, gross signs
of incoordination, and mental confusion expected during exposure periods up to 8h
500 Anorexia, staggering gait, nausea, nervousness (persist to next day), momentary
loss of memory, significant reduction in reaction time
800 Pronounced nausea (after 3-h exposure); confusion, lack of self-control; extreme
nervousness, muscular fatigue, and insomnia lasting for several days
1,000 Probably not lethal for exposure periods of up to 8 h; in coordination likely; ex-
’ treme weakness
30.000 Would probably cause rapid impairment of reaction time, and coordination expo-

sures of 1h or longer might lead to narcosis and possibly death

100,000~ 300,000

Onset of narcosis within a few min; longer exposures may be lethal

Table 2 The health condition in formaldehyde exposure(w)

Concentration (ppm)

Health condition

0.05~1.0 Odor threshold
0.01~2.0 Eye irritation
1.0~3.0 Irritation of the upper respiratory system
4.0~50 Unable to tolerate prolonged exposures
10.0~20.0 Severe respiratory symptoms
>50.0 Serious injury to respiratory tract
>100.0 Death
3. E4EE B8 7l VOC 5% &H 718824 % Benzene®} Toluene, Xylene,
Ethylbenzene, P-dichlorobenzene, Styrene, Form-
2 dAFdME AW Ao HAsE 29 aldehyde2 At E3 A7)t &< A+
4 F, /E VOCe FZ7t Aol A Fol d7E st #7171 o]FoR A= A
mzl ol®A WEEeXE HAHRY] ¥ JEA gq& APt
¥ (Mock-up test)& A3}
32 59 4y
31 58 Jx
AEAEL AF7] F9 ME LA {713
2 d7dAE 2004 58 TAE AUFA 38 FRHsE BAEY] A% Aoz, AHA
TEAANELEE A835to, F AR YA g2 A 72 Ay {13 EE w7 F F Aot
LEALYEE AHEaAR, e dEAL a4y 2 AL dAEHE 2% 2~3A4o2 dAs
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Table 3 Experiment site, room size and equip-

Table 5 Experiment temperature and humidity

ment Day/Month | Temperature (C)| Humidity (26)

Experiment 3, June, 2004~28, June, 2004 3/6 28.8 39.0
period _ 4/6 286 39.0
Oute Inside 5/6 28.9 440
Mock 6/6 29.4 53.0
up /6 29.0 480
room 8/6 28.8 430
9/6 303 43.0
10/6 294 42.0
11/6 285 49.0
12/6 29.3 37.0
Room 13/6 28.8 36.0
size | sonm (fvmsen ] 14/6 284 40.0
15/6 28.4 38.0
& 16/6 286 420
wasomm 17/6 274 55.0
TENAX-TA tube and 18/6 218 56.0
personal air sampler 19/6 276 66.0
20/6 276 67.0
VOCs 21/6 271 69.0
22/6 28.2 64.0
23/6 28.0 66.0
Sampling 24/6 284 64.0
equipments DNPH cartridge and 25/6 28.1 64.0
personal air Sarnp]er 26/6 276 68.0
-~ 27/6 27.1 68.0
Formal 28/6 26.6 69.0
dehyde Average 28.33 52.65

o] Table 6 el itk oJ7]ol A olzkaiA)]

2 VOC W& 23389 oA 744

t} Table 39 SAEZH A=A, FAHAETFE T 9y HEFE gu .
IFREa=1
33 58 43
321 AU Z71 AME e =A
(1) ¢ZA 244~ d 094 331 MM REL 5Y Z3of
(2) €= &3 1 30% 17 Agde 22 9 5 533 A3 Table
(3) 713 : 16,77 mYh 59 Z. &=& 25 30T 94T #H
(4) Al3d wigdA], ¥x)9] 7d VOC WHE4&xE . A HgEla eSS A 4+ Utk AW &
A28 98 A48 viEAEY VOC wE o A9 3 4 94~r—1 FE W3l Be o
Table 4 Schedule of experiment
Schedule
Finish:ld Background| 1 day 2 day 4 day 5 day 7 day 10 day | 14 day | 21 day
cé?itt?ﬂ thd Sampling [Sampling {Sampling | Sampling | Sampling | Sampling | Sampling | Sampling |Sampling
3/6 6/6 8/6 9/6 11/6 12/6 14/6 17/6 21/6 28/6
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Table 6 Individual VOC emission rate of the
floor and wall paper

Floor Wall

Area (m?) 22.71 59.12

Floor Wall

material | paper
Benzene 0.0001 | 0.0008

Toluene 0.0184 | 0.0121
Emission Xylene 0.0018 | 0.0022
rate Ethylbenzene 0.0048 | 0.0016
(mg/m’h) p-dichlorobenzene - -

Styrene 0.0001 | 0.0003
Formaldehyde 0.0010 | 0.0002

g we A% ¢ & AY=H, 59
455 Frizlzkel WA 27k 27
Ak ot 29BAY BEg i IB

Aoz Amd.

332 71Y voCc &% &=t
(1) 4 NEEA 74 H&

E AgddA 5488 3838 F7188E(TVOC)
o e £ MNFEDY v[ES 99 agaA
Uehlia o) Aled BEERE AEEzR &%
oy HGHe 2 HEH Unknowndl H]Eo] 688
%2 7} ¥, Toluene, Ethylbenzen, Sty-
rene, Xylene, Benzene® #At& TVOCE T
4433 9low, P-dichlorobenzend &A= &
ok AFAo AFH A&AAA9 ¥ VOC F
ZolA = Toluened] Hl-&o°] 7} E%x, Ethyl-
benzne, Xylene, Benzene, Styrene, Formaldehyde
o &XZ HAgHdA FHE " VOCY ulg
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Fig. 1 The proportion of mojor VOC in TVOC.

I3 FAE AL Holn J&E FAYPT =
3 A=A A" VOC A A w3z
2 A8 e /A VvOC &R E P-dichl-
orobenzne2 A& H A %k}

(2) Benzene &4 23}

F8 MNEAEF F9 s Benzened FLE
¥E A¥EE, 0002mg/m’e 27 7 Azt
o] Agel| wil Zidte EXE BYn, &3
79 %= Benzened ®E7} wj$ tolxg o
T Atk o, 594 SAA dAH 1 E Y
& Ay} 229 Roerw AlzdAnh B A A
FREE 442 SFLrl F1eR oy, Benzened
FES old gid FFS IR ¥ Ao Ho
H, ol" 74 olFHEE UEAAEZEE Ben-
zene W& FL vl U Ao Alzdc
(3) Toluene &4 Z3}

F8 MNEEF F9 49 Toluened FEE
XE A49Ed 27])d 02865mg/m’Y 5L 5%
7F ZEAE[AT £33 Alzho] Ao wal 7ha
3l FAS RPen, &4 79 Fd = Toluene

Table 7 The measurement result of benzene

concentration
Concentration| Temperature { Humidity
(mg/m®) (C) (%)
Background 0.002 294 53.0
1 day 0.001 28.8 43.0
2 day 0.001 30.3 43.0
3 day 0.001 285 49.0
5 day 0.011 29.3 37.0
7 day 0.000 284 40.0
10 day 0.000 274 55.0
14 day 0.000 27.1 69.0
21 day 0.000 26.6 69.0
Average 0.002 28.3 52.7

40

Temperature( C}/ Humdity(%)

o 2 4 (3 8 10 12 14 16 18 20

—#—Benzene —®—Temperature -~ frwr Humidity

Fig. 2 The variation of benzene concentration.
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Table 8 The measurement result of toluene

A -

Table 9 The measurement result of ethylben-

concentration zene concentration
Concentration| Temperature | Humidity Concentration | Temperature |Humidity
(mg/m°) (C) (%) (mg/m®) (C) (%)
Background 0.285 204 53.0 Background, 0.085 294 53.0
1 day 0.037 28.8 43.0 1 day 0.017 28.8 43.0
2 day 0.032 30.3 43.0 2 day 0.013 30.3 43.0
3 day 0.047 285 49.0 3 day 0.012 285 49.0
5 day 0.023 29.3 370 5 day 0.007 29.3 370
7 day 0.000 284 40.0 7 day 0.000 28.4 40.0
10 day 0.000 27.4 55.0 10 day 0.000 274 55.0
14 day 0.000 271 69.0 14 day 0.000 271 69.0
21 day 0.000 26.6 69.0 21 day 0.000 266 69.0
Average 0.042 28.3 52.7 Average 0.013 28.3 52.7

0.30

0.25

0.20

0.15

mo/ o

0.10

0.05

0.00

0 2 4 6 8 10 12 14 16 18 20

=8 Tolusne b= Humidity

Fig. 3 The variation of toluene concentration.
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(4) Ethylbenzene &4 ZA 3}

Ethylbenzened X & AHREWA A|zte] A
3ol migl AwrHoz i FAFSE BHA3,
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Fig. 4 The variation of ethylbenzene concen-
tration.
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RE = AZAA 23 Ethylbenzened uH& ko]
F3] mugt Ao Azt

Table 10 The measurement result of xylene

concentration
Concentration| Temperature | Humidity
(mg/m’) (C) (%)
Background 0.016 294 53.0
1 day 0.006 288 43.0
2 day 0.007 30.3 43.0
3 day 0.000 285 49.0
5 day 0.004 29.3 370
7 day 0.016 284 40.0
10 day 0.005 274 55.0
14 day 0.010 27.1 69.0
21 day 0.006 26.6 69.0
Average 0.007 28.3 52.7

80
70
50
a 50
5 oot @ ; : 40
)
20
10
)

Temperature( T) / Humidity (%)

== Humidity

—#—— Xyiene

Fig. 5 The variatioin of xylene concentration.
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Table 11 The measurement result of p-di-

Table 12 The measurement result of styrene

chloro benzene concentration concentration
Concentration| Temperature | Humidity Concentration| Temperature | Humidity
(mg/m®) (C) (%) (mg/m’) (C) (%)
Background 0.000 29.4 53.0 Background 0.011 294 53.0
1 day 0.000 28.8 430 1 day 0.001 28.8 43.0
2 day 0.000 30.3 430 2 day 0.001 30.3 43.0
3 day 0.000 285 490 3 day 0.001 285 49.0
5 day 0.000 29.3 37.0 5 day 0.001 20.3 370
7 day 0.000 284 40.0 7 day 0.000 28.4 40.0
10 day 0.000 274 55.0 10 day 0.000 274 55.0
14 day 0.000 27.1 69.0 14 day 0.000 27.1 69.0
21 day 0.000 26.6 69.0 21 day 0.000 26.6 69.0
Average 0.000 283 52.7 Average 0.002 283 527
oo © (6) P-dichlorobenzene =73 23
008 /‘”‘"‘.““- ph ;2? P-dichlorobenzene &% 55 AHHWH, &3
Y N— e des @ gq A2HA 25¢ FAT F A
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Fig. 6 The variation of p-dichlorobenzene con-
centration,
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Fig. 7 The variation of styrene concentration.

(7) Styrene &4 A3}
F8 MEEEd F9 &Y<l Styrened] FE¥E

Table 13 The measurement result of formal-
dehyde concentration

Concentration| Temperature | Humidity

(mg/m°) (C) (%)

Background 0.051 29.4 53.0
1 day 0.044 28.8 43.0
2 day 0.026 30.3 43.0
3 day 0.014 285 49.0
5 day 0.015 29.3 37.0
7 day 0.020 28.4 40.0
10 day 0.014 274 55.0
14 day 0.016 271 69.0
21 day 0.001 26.6 69.0
Average 0.02 28.3 52.7
0.06 80
70

0.05 —

;; 0.03 K
0.02 ® o
20

001 |—

Temperature{ T} / Humidity (%)

/

0.00

==~ Humidity

Fig. 8 The variation of formaldehyde concen-
tration.



494 %

g AHERE, Azl ZH#4Ed u}a} ZaslE
Age wolne gon, e 2 2IEH v}
AAAZ 7Y o]FRHHE wl$ ¥ FXNE Hol
3 Atk gE F8 NEEAT vl@IXE Sty-
rene A, 48 74 o|FHEEHE AZAAZEH
Styrene2] =3 "lr|d Aoz AlgdT,
(8) Formaldehyde &4 A3

Formaldehyde T =X & Ayywd o2 74d
2437 wlR7AZ 0051 mg/m’s 2715 =7 A
ol AAFol wal #BaseE AFL Holu ¢
ot giiEe /fEELo] 7Y olFRHE T3 ¥
& 25 Holx ¥WA Formaldehyde: A¥
B7HA] A ge FEOAR, {93 FESF
< xBolzm gtk zy B AFdME I E
2 FEE HYY 27w ES 48 A4 Vg
)9l 0.08ppm(0.l mg/mY)BETHE ¥e FEE U

BlSs 248 & AU

#Hato A F7A o
*6‘ %7]§}§'E(TVOC)°“
Fate], B A& VOCs
=¥ E dygts 9
grol & 4= QI
ock-up test® &3 #4HE F8 VOC 7
FTRge O A8zl #1, 9%
Aot HollA et Aoz Fy
71e oA $u, A 3559 FAE ?J:
Aoz Aol o]RHtE HAA F

QA oguE =&Y F A& Aojn

2 Mock-up testE® F3% AdAI Xylened
FormaldehydeZ A|93 F8 /fEAEREL HAF
798 71do g TR M RelAe AE FY
g 4 dde ole 7E dAFE FI <A
VOCs 2 Formaldehyded] 7719t thid 4ol
g Adetn & F ABAT, AFAAE TVOC
2 Formaldehyded W&&%= wbz7|(HA9 7
£ TVOCY Formaldehydet® 74, ul=-Ale] 3¢
TVOC: 79, Formaldehyde® 39)™ste #Ab
3 Asgl sAc olE AlEA A¥AY AFE
AR E Awed Z7ME AWy 7FEE A&
AQ2RY Yot 298 2NUEHE F
TN Aoz AMEHEHCD EdH AF x4 ¥

")
M
1o
A
=
ok
N
s
:4_,

o o
tlo m
Y o
o 2
K
rm M

Bmﬁ;g}ﬂl
Lrlrow.

Nlﬂ!oh‘——';’ﬂ,

2ol B

ox 2 ofy p
-L-lil*ﬂm{:r}ﬁ_g
"“"‘erEt:o
o 2
Y
1o o
L

l*N

Z

2

o

"oy

POV

to o

Zo] Alzte] ZAgo) met 4 <43
= gelg 4 Yth

£ Mock-up 4384 W9 29842 =& 4d
ERAAY 2FEERA HEHE 5 CFD(Compu-
tational Fluid Dynamics) 59 402 of
28 F Yo, olg ugoR d&HT A4l
Sz P 2 AAHN nd3rEe
g AW 2HGEE FE F0] FF o]Fo|R o}
g AoE Bagrh =3, E Mock-up test:s
N L FE A AYHJooz Yut
J g2 FrMAde] HAd o=
AR EE TVOCY 688%<S AW Unidenti-
fied E2E9 &4 £ FF o]Fojxef & A
o2 wodrh

= i H

)

il
re

AEE

1. Kim, S5.D. and Kim, Y.S,, 2002, A study on
indoor air pollution characterization and man-
agement, Ministry of Environment, p. 4.

2. Kim, Y.D., 2004, A prediction method of
optimum ventilation rate of dwelling with
particular reference to TVOC emissions, Ph.
D. thesis, Yonsei University, Seoul, Korea.

3. Yoon, D. W., 2004, The health and clean in-
door environment and solution, Korea Green
Building Inc.

4, lee, Y.G. and Han, K. W., 2004, A study
on indoor air quality of apartment house,
Korea Institute of Construction Technology,
p. 13.

5. Molhave., 1982, Indoor air pollution due to
organic gases and vapours of solvents in
building materials, Environment Internation-
al, Vol. 8, Issue 1-6, pp. 117-127.

6. Girman, J.R., 1986, Emissions of volatile
organic compounds from adhesives with in-
door applications, Environment International,
Vol. 12, Issues 1-4, pp. 317-321.

7. Wallace., 1987, Emissions of volatile organic
compounds from building materials and con-
sumer products, Atmospheric Environment,
Vol. 21, Issue 2, pp. 385-393.

8. Lee, Y.G. and Han, K. W, 2004, A study



AEAYEE 58 Y VOCY sx=igd #8 &7 495

on indoor air quality of apartment house, dustrial hygienists Inc., Documentation of
Korea Institute of Construction Technology, the Threshold Limit Value Exposure Indices,
p. 13. 6th ed., Vol. 1, pp. 664-668.

9. Maroni, 1997, Total volatile organic com- 11. Murakami, S., 2002, The solution bible of
pounds in indoor air quality investigation, sick house syndrome, 1lst ed., Architectural
Indoor Air, Vol.7, pp. 225-240. Institute of Japan Inc., pp. 102-103.

10. American conference of governmental in-



