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E 21 ASAHMol s HEFH= 2LHEE
AZ=2A od HE 09Ed
Ao o 7 AAe Fx
i ] A,
(‘:9,—&](:?}, om) ,Sé_% 22 aldehydes, ketones, solvents
=R I A=A, ofwl
Za ¢y 4y el = ’ e - 2
Z 2l et &4 Ay 2% 4] (CFC) FCs(chlorofluoro-hydrocarbons)
ZEEE SEA WA, ~Ed R
FEA4 g, e s [ AEA, EWE texanol, glycols, glycolethers
FAEJE, A 4w E Monomers solvent
e = EWE, H7MA 2 B ZA
S5 B2 = U=, = = y ~
FFAE(F-2 £) Ny Aoe 47 formaldehyde(HCHO)
pentanal, hexane pinene, camphene,
S A FEE 3-carene, HCHO etc. (34 components
identified)
. - =2 FE2E, @A, HCHO, solvents, terpenes, aldehyde
272 wigs) o : terh
g qZA, o (12 components identified)
n
v} 2+ =2} 7 SRR pe A fatty acids, tolugne, 'STmeLhylpenLanes
(16 components identified)
B 22z 1,2-propandiol, 4-methyldioxalan,
23 89 o jxﬁf* HCHO, 2.2.4.6-pentamethylheptane(25
noeme components identified)
TXIB(2.2.4-triethyl-1),
PVC nheh A 2 73 8kA, B ZA, 2-ethyl-1-hexanol, aromatic and
o EWE alihatic  hydrocarbons, phenol(17-58
components identified)
. GAkstAl, A A, .
L ubek A bz styrene, isododecene
AEzZ =ZAA Al A 9] oA EAk acetic acid
- obad F=AA EHE solvents
27 AEE— - -
Oz]-xﬂ Zg e A3A, EHE solvents
Zo o ~HE Z o AHE F£X
iﬁloﬂﬁ; Mﬂ:, = = A] ol 2l =, styrene, residue, phtalic acid
=% A EagE |(2gA
Neg BB S} £EEE = F4 [HCHO
A5 2 A
A 2A, ol EHE 2-ethyl-1-hexanol
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(Heterogeneous Hydrocarbon)”7}  &f & < t}.

AR FrIsd =S Edo] EA AH(Phase)d FEfol webA A
(Volatile), 4F3] ¥4 (Semi-Volatile), ¥ 324 (Non-Volatile) 22 F&3}
3, F71kel 10 °kPa o4& FA(VOCs), 10°~10°kPag W34
(SVOCs), 10° kPa ©]3+& H13 WA (NVOCs) o2 BFFch AARAY] T
(WHO)I A= VOCsE HlsAel wet 3¢ (VOCs), B34 (SVOCs),
A A} (POM : Particle-bond Organic Compounds)® #7381 &34
A2F = dol= =79 (Reid Vapor Pressure : RVP)o] 10.3 kPa(l.5psia)

o AfatetAlE, 77184 B VE =22 o 3

of BAFELEA oA 7HA FHE VOCs =9 T F VOC
(TVOC :Total Volatile Organic Compounds)® A 2]3te] 7]E2] A Ao
g8t vk

T VOCY s=& 7ASste= Wl oy Wye] oy dnkx o=
ZAE 7teazatE e 938te] n-hexanel 4] n-hexadecane”7}A 2]

Yol HEHE VOCsE O R ol i

il
i
o>
r
2
o
ftl
o>
i
r
i

* 23 71 &2 ®I|ett=22 2FWHO)

n s H 53 ¢ = :
. = oF A - ¥ ¥ (sampling method)
=
23R f7)skstE A VVOC < 0C~ Batch Sampling,
(very volatile organic compounds) 50-100°C g A eko] E 3
AR frrstegE4 50-100C ~ = s .
18 S A Z 2
(volatile organic compounds) voc 240-260°C a1 FAAA H A
WA f71skstE A svoc | 240-260°C ~ ZEdeg Fol FF
(semi-volatile organic compounds) | ~ 380-400C T+ XAD-2 Ao &3
S ALE o] 9 7] 5 &R A
AR Al sErE A POM | > 380C | "H=z %4
(particle-bound organic compounds)
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E 2.4 n-hexaneoll M n-hexadecaneZ7tX|

/el VOC =%

COMPOUND(SYNONYM) FORMULA A %(%)@ %(EC)@
Chloroform (Trichloromethane) CHCl3 119.38 61.7 -63.5
1,2-Dichloroethane (Ethylene dichloride) CICH2CH-C1 98.96 83.5 -35.3
Methyl chloroform (1,1,1-Trichloroethane) CH3CCl3 133.41 74.1 -30.4
Benzene (Cyclohexatriene) CsHs 78.12 80.1 55
Carbon tetrachloride (Tetrachloromethane) CCly 153.82 76.5 -23.0
1,2-Dichloropropane (Propylene dichloride) CH3CHCICHCl 112.99 96.4 -100.4
Trichloroethylene (Trichloroethene) CICH=CCl, 131.29 87 -73.0
cis—1,3-Dichloropropene CH3CCI1=CHCI1 110.97 104.3 -
(Trans—-1,3-Dichloropropylene)
trans—1,3-Dichloropropene CICH,CH=CHCI 110.97 112.0 -
(trans-1,3-Dichloropropylene)
1,1,2-Trichloroethane (Vinyl trichloride) CH->CICHCI: 133.41 113.8 -36.5
Toluene (Methyl benzene) CsHsCH3 92.15 110.6 -95.0
1,2-Dibromoethane (Ethylene dibromide) BrCH.CH>Br 187.88 131.3 9.8
Tetrachloroethylene (Perchloroethylene) Cl,C=CCl, 165.83 | 121.1 -19.0
Chlorobenzene (Phenyl chloride) CsHs5C1 112.56 132.0 -45.6
Ethylbenzene CeHsCoHs 106.17 | 136.2 -95.0
m-Xylene (1,3-Dimethylbenzene) 1,3-(CH3)2CsHy4 106.17 | 139.1 -47.9
p—Xylene (1,4-Dimethylxylene) 1,4-(CH3)2CeHy 106.17 | 138.3 13.3
Styrene (Vinyl benzene) C¢HsCH=CH> 104.16 | 1452 -30.6
1,1,2,2-Tetrachloroethane CHCL,CHCls, 167.85 | 146.2 -36.0
o-Xylene (1,2-Dimethylbenzene) 1,2-(CH3)2CeHy 106.17 | 144.4 -25.2
1,3,5-Trimethylbenzene (Mesitylene) 1,3,5-(CH3)sCsHg | 120.20 | 164.7 -44.7
1,2,4-Trimethylbenzene (Pseudocumene) 1,2,4-(CHs)3CsHg 120.20 | 169.3 -43.8
m-Dichlorobenzene91,3-Dichlorobenzene 1,3-Cl,CsHy 147.01 173.0 -24.7
Benzyl chloride (Chlorotouene) CsH5CH,Cl 126.59 179.3 -39.0
o-Dichlorobenzene (1,2-dichlorobenzene) 1,2-Cl,CsHy 147.01 180.5 -17.0
p-Dichlorobenzene (1,4-dichlorobenzene) 1,4-Cl,CsHy 147.01 174.0 53.1
1,2,4-Trichlorobenzene 1,2,4-Cl3CsHs 181.45| 2135 17.0
Hexachlorobutadiene CuCls 260.8 186 -21.0
(1,1,2,3,4,4-Hexachloro-1,3-butadiene)
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28 EHAFAAN AT 7| &

K

Classification | Emission Value | Classification | Emission Value
Feo Ave. < 0.5mg/L
Max. < 0.7mg/L
AFugg &3 Fcl ﬁz)e(" i (())57]:1gg//i none
Feo Ave. < 0.5mg/L
Max. < 0.7mg/L
E0 Ave. < 0.5mg/L
Max. < 0.7mg/L
MDF, 3I}E]& none B2 Ave. < 0.5mg/L
B Max. < 0.7mg/L
E3 Ave. < 0.5mg/L
Max. < 0.7mg/L

(2) SCANVAC
29 e, =290], AFd= dinfa= FA44H SCANVACE dyA, A=
37, 9t & AEow g g VAR HEYN E5LH

=9 F ARAFIISEE(TVOC) F=o wel Ausr|adS 3dA=

AQ1 AQ2 AQ3
TVOC 0.5h 0.2 0.5 *
HCHO 0.5h 0.05 0.1 *

oo we o2 A
AZAAE L9584 HE4 50 ueh 3GAR FEg

MEC-A (low-emission building materials)

6) =71 ABHES, A178] 713 F 71& Aviy A=F, 2000
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MEC-B (moderately emitting building materials)

MEC-C (heavy emitting building marerials)

E 210 AKX o5 2/

=5 H =4 = (20C, RH 50%)
MEC-A 40 pg/m'h
MEC-B 100 pg/m'h
MEC-C 450 pg/mh

Ad=Es oded WE ol wek AAE M1, M2, M3=2 &8
ASAE Addats AFA AT AAES 2EFo] dFS ot
of stm, Mg F&HFoly AAARAel WMAHYYE eded WEHFS
A% 74 wkolof gk},

AT d-e S1, S2, S30.2 i gom AZAA AA A3
7174815 FAlel aelateol drh. AuFride] Slol¥ AAEF MlE
Ageta S20lW mbAlE F M2E A&t S19 TVOCE 0.2mg/m’
o]st=, S2& 0.3mg/m' ©]st= F A ¥ ook T},

211 MR YE2 7|F

VOCs doad =2 HAY
(mg/m'h) (mg/m'h) (mg/m'h) (mg/m'h) Sl
M1 0.2 0.05 0.03 0.005 15% °] &}
M2 0.4 0.125 0.06 0.005 30% o] 3}

=
T oE= oio
M3

_18_
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713 Fost= JAQAUIE +Fsta

BA AA, AA,

%

Lo, 1997

ol
Lo

oA A

A 2= A At 3]

=]
£

Al E o] GEV(Gemeinschaft Emissionskontrollierte Verlegewerkstoffe) 2t

HgeadAs 4ste] @4ebdd e EMICODE +w7%

w7132 T}

A o] THE wH 57h=e 3070 FAe 40091 7HA Aol dFe T

T}
E 212 ®EH 2ES3(GEV)
_ TVOC TVOC TVOC

L=l HF=2F W o

5w $ET A | maom) | (mzge) (A 2A)
EMICODE EC1 ) & ve 100 pg/m’ °] df 200 pg/m'o]3} | 500 pg/m' ©] 3}
EMICODE EC2 Lo 100-300 wg/m' | 200-600 wg/m’ | 500-1500 pg/m'
EMICODE EC3 oA =2 300 wg/m' ol | 600 pg/m' o]’ | 1500 pg/m' o]

RAL(Deutsche Institut fuer Guetesicherung und Kennzeichnung e.V:

59 FARY FA] AF2)LS UM, E, vtg A 5 o AAL 5 50%0]%
o] HA7} g/H GAFo| thile] Eco-Label?l Blue Angeld 9153l
A .

A (=, 9 -2, 2tojdl ol E, Z0tF)

=i ) 2% % (24£2h) 2 %% % (289)

HCHO - 0.05 ppme] 3}
(v ETr X;] ?o?;om B 300 g/m'©] 3
(] —Siéﬂ i(?i] ) - 100 g/m'°] &}
%?aiiéiﬁ 1 g/mel st 1 g/m o3}

7) @, A VOC Al 9 B, A9 s,
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#* 214 7t7 S°| 3% MEZ

= Al 25 = (24+2h) HZETF=(28%)
HCHO - 0.05 ppm®] 3}
713 = - Lol =
(154 50-2507C) 300 a/mel et
71548 - Vo] =
(9154 250C 0] 4h) 100 g/mt ol 3t
ek, F A, _ _
xé}Toraﬁ} 2 1 g/m'e]s} 1 g/m'°] 3}
E 215 EA ME
&5 3 v= HZF w2 (28%)
TVOC C6-C16 1000 g/m' ©] 100 g/m' o]
TSVOC > C6-C22 - 50 g/m' | 3
weot=d % 10 g/m'°] 3t NE 1 g/m ol 3t
AAPAEE A9 TVOC - 40 g/m'°] 3}
232 32U J1E Y &g

Tl A= AW rEor 20049 ‘HFolEAE T

g’ew 7]Ee Wol MR 2 g Ve Asedt dEE B
H
=]

Lo
i
=
ol
X
N
i

a8 AEAA #TIAA = 1992 493 ¥ Eco-Labelingel gt 7
FEAAE7 AP 9lth. Eco-Labeling AxE 719 QAo A= A}

o £78 WEAE ABFAFES AL, YVHES Sda Luge B
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E 220 HEAHH™Y 7A
T4 U &
1999 Building products -Determination of the emission of
ENV13419-1 Volatile organic compounds - Part 1 Emission test
chamber Method
ENV13419-3 1999 Building .products - Determination of the emission of
Volatile organic compounds - Part 3
1990 Standard guide for small-scale environmental
ASTM D 5116 Chamber determinations of organic emissions from indoor
materials/products
JIS 7 8703 1983 Standard Condition of Sampling

ISO/DIS 16000-3

Indoor air - Part 3 : Determination of Formaldehyde and
other carbonyl compounds - Active sampling method

Indoor air - Part 6 Determination of volatile organic
compounds in indoor and chamber air by active sampling
ISO/CD 16000-6 .
/ on Tenax TA, thermal desorption and
gas-chromatography MSD/FID
ECA Total volatile organis compounds(TVOC) in indoor air
quality
HE 221 YEAEAHHEY BF ¥ 5%
R g | ZRaE 47 B
dole] Aoz stol | A A5
23 | 1m' o3t | AFAA (A wEFAAE B4 H(dEo Ao St &
FEEE 245 | 4B 24 8%
T/ FEEe 2L
QA wgzEa s TR A
HFAY | 1w ool | hER |rEEAdel R w0 T
F557 ZA S NI
23w ol ve) ) &
AARA ge DA,
W ome waq wm x| TEFE A o
FLEC SR B | e me e T AWE @R o
il =% HIH.
I ° g o]l of# %
7t
242 2A=E MF ¥ 2HUY
A FrIstgEY] AlsE 2Hste WHEele AR E2HJ sA
BEAS & 4 9+ On-Line AW Y Canister £ €43 £7]E o]
gah $1EHY, FRAY AL ol ARE PG nAF
Ao} 4uj3EY Fow TET 5 ook
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E 222 VOCs Z& 2 11 &Ml 57 EA
Desorption Siizriiing
Sorbent techll';Ii) e Compounds Sampled at Remarks
2 B.P[C]
-low background
- most non—polar VOCs -well investigated
|~ terpenes -some decomposition
Tenax TA| thermal | slightly polar VOCs > 60 products
- aldehydes >C5 (benzaldehyde,
acetophenone)
-low background
- most non-polar VOCs -reactions of some
Carbotrap thermal | _ slightly polar VOCs > 60 compounds
(aldehyde, terpenes)
Activated solvent |- most non-polar VOCs ~high .capac1ty
. > B0 |-reactions of some
carbon /(thermal) |- slightly polar VOCs
compounds
o } - most non—-polar VOCs —~high background
Porapak Q| thermal | oy i1y polar voCs | ~ % |-low thermal stability
Porapak S - VOCs + moderately -~high background
or RN thermal polar terpenes > 40 -low thermal stability
Organic - polar anf non-polar
molecular thermal i)/'OCS P > -80 |-water desorption
sievs

a2 21 Tenax-TA A&
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# 223 GC/MS2| A =d

Instrument Instrumental Model and Conditions
Diluter Entech, 4600
GC/MSD HP-6890 / HP-5973N

+ Column : HP-1 capillary column(60mx0.32mmx5/m)

+ Column temp : 40°C (5min)—70C (5min)—150C (5min)
—200C (5min)—220C (5min)

- Ramp rate : 5C/min to 200C, 10C/min to 220C

+ Column flow : 1ml/min

+ MS ion source temp : 230C

a2l 22 GC/MS and ATD At L EZ]
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4.2 Toluene
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4.7 TVOC
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A Measurement on the Emission of Volatile
Organic Compounds from the Indoor

Multilayer Building Materials

By Choi, Sung-Woo
Department of Architecture Engineering
Masters Course in Graduate School
Pukyong National University
2006. 2.

ABSTRACT

Recently, An indoor air pollution has been seriously apprehended, and
became striking issue and problem, due to the airtightness of buildings
and the building materials contained numerous chemicals. Accordingly,
air pollution causes SHS(Sick House Syndrome), BRI(Building Related
Illness) to the indoor residents. To solve the problem of an indoor air
pollution are focused on using low contaminants emitted building
materials and Mechanical ventilation systems. In many factors of
indoor air pollution, Building materials emit many of indoor air
pollutants. Total VOCs are consist of many individual VOCs, and they
contained dangerous substances. So we will look about concentration
of Total VOCs and individual VOCs at the same time.

In this Study, we make an experiment of indoor complex building
materials to recognize concentration of VOCs. Floors, walls and

ceilings are subject to measuring concentration of VOCs, so we made

_51_



3 kinds of Sample of building materials and indoor finishing materials,
and also made equipment to measure VOCs from the samples. And

then we investigated emission of VOCs each sample.

The results of this research are summarized as follows.

(1) In spite of using same type of wallpapers and adhesives at the
samples of ceilings and walls, the sample of ceilings showed higher
concentration of VOCs than the sample of walls. It seemed that the
plywood inside of the sample of ceilings affects to the experiment. In
the history of the previous studies, adhesives caused a large majority
of the emission of TVOC, however the result of the experiment
showed that the indoor building materials had an effect on

concentration of TVOC no less than adhesives.

(2) The samples of walls and ceilings showed highest Concentration
of Toluene and Xylene at right after the construction. But the sample
of floors showed highest Concentration of Toluene and Xylene between
3day and b5day because the watery adhesive of wallpapers hardened

more quickly than the adhesive of floors.

(3) The sample of floors emitted TVOC more slowly than the
samples of walls and ceilings. Because the sample of floor in
comparison with the samples of walls and ceilings is more thick, the
diffusion of inner pollutions of the sample of floors progressed more

slowly than other samples. Consequently, the thickness of the final
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material has an effect on the emission rate of TVOC.

In this study, we used only singular building materials on the
samples of floors, walls and ceilings, if the like of these samples are
used next study, emission characteristic of VOCs will be changed. So,
the experiment using various building materials will be performed and

be accomplished accurate analysis of emission of VOCs next study.

Keyword : Indoor Air Quality, Building materials, TVOC(Total Volatile

Organic Compounds
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