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ABSTRACT

The Volatile Organic Compounds(VOCs) are emitted from various sources and have lots of different form. Recently
human are spending the many times at indoor area and indoor air pollution is issued the important social problem. The
emission sources of indoor air pollutants are very various, also indoor building materials are composed of very complex
chemical compounds, these indoor building materials discharge very much VOCs and other hazardous compounds. In
this study, we performed the small chamber test to investigate the VOCs emission concentration and characteristics
involving five kinds of the indoor building materials(furniture material, wooden floor, wall paper, paint and tile) under
different conditions of four temperature and relative humidity as account of the air flow rate(AFR), air exchange
rate(AER), loading factor and air velocity respectively. As the result, It was showed that building materials are emitted
the highest VOCs concentration at the beginning of experiment and furniture material is emitted the highest VOCs con-
centration. Most of the materials were affected by temperature, but paint and tile material were affected by humidity.

Keywords: volatile organic compounds(VOCs), indoor building materials, small chamber test, emission con-

centration, emission factor
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Fig. 2. Building material seal box.

Fig. 3& A4 E A& veplie 222 clean air
generation system, monitoring and control system
(temperature, humidity), sample collection equipment
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Fig. 3. Schematic diagram of small chamber test facility.
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Fig. 4. Sample collection equipment.

2. Al3{x7] o uh
iﬁé*&iﬂi% o] &3t AMAY-L Vg B Fol
)\1 _7[:§ A}-%Q_T’_ oh;} AH ]‘lgﬂ)\ ;(Hzli uk_o1 &)
2FAH@0T05nE 48 A A i 728
VOCse] AAE s ey AEAz AH £
260°CoA 2217 ol IS AW FEEHE &
712 2o U5 AMS3INO W, clean air generation
systemS BHE I7IE Az ol FFsIUT 3
H U} VOCs9] blank ¥& &4 15 WAAE ¢
Xl B AdeiolM A& HAR FUE FHEIL &
FE 2708 AR R0, 2407
A Az & 100 mimine2 5A7F oY SR
2 doMe &8 X S 2EAFAE ol&
slo] a7kxe] 2o} F g HAEoH, _E
9} 5 Z4L Table 13 7}
24014 A% WAE A% A58 vhg L R

&

Qo

Air inlet

Table 1. The conditions of experimental temperature and

humidity
Items Experiment type Experiment condition
A 20°C, 35%
Temperature & B 25°C. 50%
Humidity o
Condition C 40°C, 9%
D 60°C, 4%

FAll 2 o) AMEHe 71 E (furniture), HFEA]
F(wooden floor), ®A|(wall paper), ¥21E (paint), E}
d(tile)?] 5FFE Ao 9t A% WAz
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Table 2. Experiment condition of chamber test
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Table 3. The conditions of VOCs analysis

Items Experiment condition
Chamber material stainless steel
Chamber volume(m®) 0.04 +0.0001 m*
Sample area(m?) 0.0648 m*(0.0324 m x 2 side)
Air flow rate(m*/hr) 0.024 m’hr
Air exchange ratethr!) 0.6 hr'
Air exchange age(hr) » 1.67 hr
Loading factor(m%m®) 1.62 m¥m®
A BERE {AS &, ALY Ao} W VOCs

94 ! ?*’“E]% elsi ot

284w 74 2 3 5 AR Egd &
AL Table 29} Zom, Z-zke] AW Fw4E A%
(air flow rate : AFR)}S ©$A7F3 () &F AW
TEFHE 3719 AMm)CE 0.024 m/hrel L, 2713
<*(air exchange rate : AER)y= ©9IAI7 %(hr“‘) 43
Aol Fds=E 3719 A ) &, W2 234
‘ﬂ-"’] LMY E Y Fo= of 0.6§]/h1°]1:}. 7

o(air exchange age : AEAYE AW 377}

I “H7] é H7pAe] AZEe R 167 hrole], &
3 T (air velocity : AV)E AlEHEY X
HE 52F F7 ]_,] £ 2 0.03~0.06 m/sel, A EH-
3}-&-(loading factor : L} AlgHY] XHA(m)F &
Ay &3 m)e HEE 1.62 m¥m*|t},

3.53 ¥ BEMYY

2% WA A 2 HE VOCse] 238 25 F¢H
dA&zmo g AAFAT} A 7HES 270 6AI7F

1_.

z

ZAst9.0H, 12A7F 0= 48], 24
A7 ZH o2 48], 4872F ZFH R 354 Zpzhe] 7
= JgAllel W3 & 1588 AT 1% WA
oA BAHE VOCse] FFE vi¢ v + B
& F79 VOCs FolA ml= EPA Method TO-149]
WA E EAER 4052 X UrELAR AR
SIA T VOCs 732 Tenax-TA(60/80 mesh, Supelco,
USA)7} 200 mg o} &34 2l A~ FAEH(1/4
inchX9 cm, Perkinelmer, UK)Z ©] &3} F3FH
= 2% A A EYERIATD 400, Perkinelmer, UK)
Z o83l 300°CelM 3AZE o) C"%ﬂ AXHE
AAIBIATE VOCs &40 AMEEE S3A19 S/
o)-¢ ks, Zhh 28 B3¢ 4oy Tenax-TA
= 94E, 0=, §8 SolA ASARe AEEFNA
HAElE VOCs 2790l 7FF @ol ARSE L it D
Tenax-TAE HWH0] 35 mYgl 2 28l S3A| = 27

e 43

System and analysis

liems condition

ATD 400 Perkinelmer, UK

GC HP 6890

Detcctor MSD

Colume BP-1, 60 m

Carrier gas He (99.999%)

Initial temperature 40°C (10 min)
Temperature Temperature program rate  5°C/min

program

Final temperature 190°C (2 min)

i Hee C6~C26 1o, @g4t A FHd 71Ee
350°Ce]t}. VOCs &40l AMg3t B 23 z4
o] fFHFWFol vlwa AL personal air sampler
(Gilian, USAYZ Ol%’fﬂ*ﬂ gsidct. =3k, A W
AellM VOCs2] WEsrs A3 27|DdAN IsE
WEEH | Al7ke] el wet ks ——*é-‘L 7}
A3 Py A FER e dHew AAFR
breakthrough®] EAHE 8] Lt *@%
A48T vOCs 300 o] 359 gAd +
A (Alltech, USAYE ©18-3191om, A3 27178 24
NS 50 mimin 2 3087 & 151 AR
3 24X7F o] EREE S0 miminlE 60R7 F 3
AFsIA. $30] B¢ A8+ PIFE storage cap®
2 9 3 g ES o83t g eIy 2
A A7A] 4o ol3le] WAFael] RABITE VOCse
Ao AFEEE7|(ATD 400, Perkinelmer, UK)E
olg-sl] AR ¥ siagRulEnd ] AR
7W(GCMSD, HP-6890, Agilent 5973N, USA)E H4
3Tt VOCs #4778 Table 3% %t} VOCs &
Aol glo] AP Hrle 4055 VOCs AESe] &
F=lo] Sl 1ppm 559 FF7F(Supelco, USAYE
0.1~1 ppm Alojollr] AR sjAsle njAA|Re] &
Tt 2R & URE Agae ZWéPi"D% A8
7} A3 P8 VOCs RS2 AgASTE 0997 ©]
Aoz nf$ 4w APHE B

rlr

m% r1r

O

L MHAE AAH Eot

1) 39 T2 Blank test) 27

28] blank AP 28w Ao A oxjel B
3t vl Fad Rrow SARe) OEolgAd
o] AN AFAAAYH I8, ANTNEATAHAE
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A2 pg/m’e 2 X ANFTIAT PN 0 HER W
AEAA Aol #4850 g W9 blank F
Q1 20 pg/m? o|3HE Pl

2) € 37| g 9ot
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Fig. 5. Chromatogram of VOCs standard analyzed by GC/
MSD.

=

AR FUskd BA3E TVOCs(toluene 5E5 3MF
TVOCs) 59} 5Ye o] TFEAS FAFE
Azl & YAV E o83l GC/MSDE 4
TVOCs FE5 A2 v|lasle] 7159}, Fig 55 3
FEF AR WS 7 ARFYS 4 g E
A7 & BAM3 Ag2etEado|n, toluene?] A
A Bt A3 A¥AFE 0997 oA ml$ 4T
ElpiL=

Table 45 AFFASH EE2|1E 5307 F GO/
MSDZE £243} toluene AEF 6559 VOCs HEE

off oft H4 rob moh

o ™3 arcaZ toluene FTEE $HIE TVOCs?] 35

& H7} Ao}, 2EA toluenedt TVOCse] 3|<=
&8 Z}7F 102.70%, 9.11%% 751} £ A7l AL
£33 d9ay)e] 93a g vl $ 45 Aoz @l
by =

2. Z1& UETE vOCse] WEsSY

A% WiolA BEEe VOCse 442l 89
mel Okt EEAS Holx glon, WEFEdE
B2 2|7t e AR AT VOCs WEsR
of ke F= clogE A& UAA Y wet ok
zho|7t ARot Lt R do] G AL &
4 ASTH HHFH o 5579 AE A T A
EolM TVOCsY WEsrt 73 ko, vle)
&, 81, HRIE, g§d SME 2AI. A% W
Ao} el HEEE VOCse] EH/ MEEA S deo}
317] $15lo] Bl EPA TO-140] AAE] e 40%
2] VOCsFolM zhzte] AdzdA Tgxz wAys
£ 1059 VOCsEA A HEFH= VOCse] 98+ 1%
oPhE tldeE WEEALS FeElg 1089 VOCs
o & A9l & TVOCSE ARgsigen, 43
Z7¥ AZ Ao WEFEE Table 59 2t}

A% WAAE B35 (emission factor : EFYe A
= WALl 2R Helol ule}l @9uE, aejdo),
a4, AFas gog AXNY & P E A3
olME HH FeE 71 A& WAAE giae=
VOCs9| &S HAEeH, Aoy A% U
Ao Gwa 3 TVOCse] WE7)% (emission factor

%

Table 4. The result of thermal desorber(TD) system recovery test

TVOCs (mg/l) Difference Recovery ratio
Items "
TDI (mg/l) (%)
Tolune 663.36 649.90 13.46 102.07
TVOC 3,011.89 3,038.86 26.97 99.11

TDI": Thermal desorber injection, DI**: Direct injection

Korean Journal of Environmental Health, Vol. 32(4)



< - Fro o 25 WA ALARTIEREe] $EEA 297
Table 5. TVOCs emission concentration from each building material
(Unit : mg/m®)
Materials  Conditions 6 12 18 24 36 48 60 72 96 120 144 168 216 264 312
AQ20°C, 35%) 251 171 109 152 140 144 124 115 120 087 091 123 129 093 0.85
Fumiture B(25°C, 50%) 9.81 509 633 669 723 780 603 623 455 428 385 3.65 4.23 3.61 3.80
CHE0°C, 9%) 21.75 2038 16.67 14.00 12.62 1190 1148 1194 11.19 964 869 791 480 607 6.72
D(60°C, 4%) 20.34 20.73 10.62 10.10 841 672 529 483 323 162 101 071 051 032 025
AQ20°C, 35%) 2.17 154 033 056 083 106 062 038 042 044 045 037 038 033 0.38
Wooden B(25°C, S0%) 240 146 152 158 1.13 128 1.22 120 117 090 074 0359 099 120 1.26
floor  C@40°C, 9%) 599 697 775 859 456 430 404 371 360 270 258 257 258 230 1.78
D(60°C, 4%) 20.29 19.84 21.51 19.66 17.13 14.18 1390 13.63 12.53 11.99 11.44 10.67 9.91 9.15 9.08
AQOC, 35%) 272 227 154 191 1359 155 142 138 060 044 036 034 025 0.19 0.14
wall  BQ5°C, 50%) 3.03 292 185 186 170 166 157 162 115 092 054 044 037 027 022
paper  C(40°C, 9%) 7.52 530 449 3.14 359 306 253 201 194 145 107 074 066 051 047
D60°C, 4%) 893 650 408 351 294 237 180 138 133 128 103 079 0.86 0.39 049
AQ0°C, 35%) 149 219 090 092 108 116 123 041 043 042 047 048 050 052 053
Paint B(25°C, 50%) 5.12 10.03 408 327 247 122 097 072 075 074 084 0.72 0.61 048 0.36
CUA0°C, 9%) 898 149 149 150 140 130 094 072 075 054 054 049 045 0.71 0.58
D&OC, 4%) 242 306 281 256 282 337 393 244 191 138 098 0.84 0.69 0.68 0.67
AQ0°C, 35%) 035 027 013 015 015 015 016 016 014 011 0.11 0.11 0.11 0.12 0.05
Tile B(25°C, 50%) 0.82 049 047 025 018 014 011 012 0.1 010 0.11f 0.11 0.11 0.08 0.03
C@0°C, 9%) 057 063 034 012 013 014 013 010 009 009 009 008 007 007 0.06
D(60°C, 4%) 059 070 065 052 034 018 013 014 010 0.0 010 0.10 0.08 0.07 0.06
area: EF)E H7lslsivh. @Azt A @z o n 3SRy
VOCs WEZE B7ke Al te $59 A8E o Vo AHEHm)
g3l 12 ZAe) e 5H B HBsle A q - 9EH 2 W)= mg/m’ - hr)
she A A (D ol&sks Wie] Ah? 2 & L AR 53R (mm’)

Tl Zizhe) AZAA A BAEE VOCs WEs
ZE 4 () diYstd AF WARE VOCs WE
TE AREEeH, A7k Ao whe A% Ui
TVOCs W&7I=w Fig. 69 7t} T3k 2 de] 4
Y7)7F Fob YubFel Ao e] 2ol v 249
BEZ(25°C, 50%)°14 H&=E= VOCs 35S +4
¥)& Fig. 73 2o

_(G=Cp)*xQ _ (G=Cp)xnV

EF,
A A

=(C,-Cp)xq = (C,—C,b,,)x% )

EF, 9993 3 WE7= (mg/m’ - hr)

C, 1t AR FE(mg/m’)

Cyp., :t A7) wavel blank &= (mg/m’)

Q :&mhr)

A AR dHA MY

1) 7HAE

THAEE RE AgRAdN O 452579 A2 Y
el Hlsl TVOCs w27t 7 =), dd=zad
TVOCsY] &u] WEFEE AQ0C, 35%), B(25°C,
50%), C(0°C, 9%) =719 7% APx7I¢0 6AZ A
I 3 ZkzF 251 mg/m?, 9.81 mg/m?, 21.75 mg/m’o] Y
on, D60°C, 4%) XM= 12A12F A3 F 20.73
mgm’eE F2 APZ7)] AFEE PEH= FS
& = UKok HE =AY TVOCs 557 7HE 52
o HE5x Al JI¥E VOCs Fig. 8%
Zo] BRE ARz g7 AR, ¥ 52 AF
SIaL FFAAAY FEEE VA= xylene FE
E=7F 7P E=9kow, toluene AR 3F7), B,
9 A= W FFAAA FEgE F B o2 FE
AEAT A JAEZAE LHZ ethylbenzene A
ol 2 AZHUTE. E3h ] UEFE Al

ool
o A

A of
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Fig. 7. Compositions of VOCs from each building material at the B (25°C, 50%) experiment condition.
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Fig. 8. TVOCs concentration of maximum emission time from
furniture material (A, B, C: 6 hr, D: 12 hr).
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Fig. 9. The sum total VOCs concentration during the survey
period from furniture material.
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Fig. 10. TVOCs concentration of maximum emission time
from paint material (A, B: 12 hr, C: 6 hr, D: 60 hr).
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