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Volatile Organic Compounds (VOCs) Emitted from Large Furniture

Toshiko Tanaka-Kagawa, Mitsuko Furuta®, Masayoshi Shibatsuji*,
Hideto Jinno® and Tetsuji Nishimura

Indoor air pollution by volatile organic compounds (VOCs), which may cause a hazardous influence on
human being such as sick building (sick house) syndrome, has become a serious problem. In this study,
VOCs emitted from nine pieces of home furniture, three sets of dining tables, three sets of chest of
drawers and three sofas, were analyzed as potential sources of indoor air pollution by large chamber test
method (JIS A 1911). Based on the emission rates of total VOC (TVOC), the impacts on the indoor TVOC
was estimated by the sample model with a volume of 20 m* and ventilation frequency of 0.5 times/h. The
estimated TVOC increment values were exceeded the provisional target value for indoor air (400 pg/m®)
in three sets of dining tables, one set of chest of drawer and one sofa. The estimated increment of formal-
dehyde were exceeded the guideline value (100 pg/m®) in one set of dining table, two sets of chest of
drawers and one sofa. These results revealed that VOC emissions from furniture may influence
significantly indoor air quality. Also, in this study, to establish the alternative method for large chamber
test methods, emission rates from representative three parts of furniture unit were evaluated using the
small chamber and emission rate from full-sized furniture was predicted. Emission rates of TVOC and
formaldehyde predicted by small chamber test were 3~46% and 6~252% of the data obtained using large

chamber test, respectively.

Keywords : indoor air, emission of volatile organic compounds, furniture, large chamber test method
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TSR ZE LT3 XyDEmcnE L TEED» 5D
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BanR A 72 ) OBCHGREE 2 HERT L 72.

2. EBRAE

2.1 HEBRHEH

R A= T F—TN, ¥V, VT 7—3
FHOKRMRERIZOWTENRZN 3, 59 #i%H
e L7z, SRoOMRETIIZHEL LK B g
PNCERERT % & L SR RE R 7200, ERIMREL, IR, o
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Table1 The specifications for samples investigated in this study

WM, LYy 2Ny A% E LT, formaldehyde @
B E I Z 72K ECEMT SN2 BNREERE~ -7 %50
FROHLEEPEINE L) ICHBM I D EE LEA
L7z, KT HE LR OMEZ Table 1 125
7.

2. 2 HMEER

2.2.1 KEEFvoN—EICEBREER

Table 1 IZ/RTEFIZOWT, 5.5 m*F v ¥ /N— %
AL TRETF v > 3= (JIS A 1911) (CHEHL L CTHUEGR
BEERLZ. F v v N—HNEE28C, BES0%I1Z7%
EL, HARBEA 1R M2 00.5m12% 5 X ) 12hize
R[REMAE L7z, MIKEF v N —PICERIE L 245 # X
DT A% 7Y v 7 L. TR FEoNEH
44 & LTI GL-Pak mini AERO DNPH % H\w7z.

Sample . . Furniture parts Parts area
Sample Product information . .
No. tested by small chamber methods in the furniture (m?

Dining Table & | < made in China D top plate (the right side) 0.900
1 Chairs#1 @ top plate (the reverse side) 0.900
® seat 0.756
Dining Table & | & made in China @ top plate (the right side) 0.960
2 Chairs#2 O =Féededy @ top plate (the reverse side) 0.960
® seat 0.846
Dining Table & | <& made in Japan @ top plate (the right side) 0.900
3 Chairs#3 <> Indoor environmentally @ top plate (the reverse side) 0.900
conscious design ®) seat 1.055
Chest#1 <> made in China (D drawer front panel 1.024
4 @ side panel 0.678
(® drawer bottom panel 1.610
Chest#2 <> made in Japan @ drawer front panel 1.232
5 @ side panel 1.246
(® drawer bottom panel 2.013
Chest#3 <> made in Japan D drawer front panel 1.224
6 <> Indoor environmentally @ side panel 1.208
conscious design ® drawer bottom panel 2.336
Sofa#1 <> made in China @ seat 0.505

7 @ urethane foam 1.224*
® bottom 0.719
Sofa#2 <> made in Japan @ seat 0.780

8 @ urethane foam 1.653*
® bottom 0.873
Sofa#3 <> made in Japan @ seat 0.708

9 <> Indoor environmentally @ urethane foam 1.334*
conscious design 3 bottom 0.626

An area of the test piace provided small chamber test methods is 0.044 m*
*The total surface area of seat and bottom
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F 72, VOCHMIZEH & L Tl 3 )3 (Tenax TA/Carbograph
1 TD/Carboxen1000) ®ifi% % TO-17/2 (Markes) % H
W7z, W, 7Tk FEIZD W TIEZ1000 mL/min O ¥
HT30L DA A %, VOC 122\ T k100 mL/min
DFHT 2L DWFEHFT A% T ) v 7 LT

2.2.2 IMEFvN=EICKDHEER

KT v V8= & BIEERRASTR T L=~ 7
ZoWT, FRENIZDOWT Table 1 1ZEE# L 7= 3 HF
O Y WL CTREF 2/ER L, 20LF ¥ ¥ /¥ —
R LCTMNEF ¥ 3= (JIS A 1901) ([ZHEHLL T
BEGRER 2 FhE L7z, KIETF v v oN—3:1C & 2 icHiiBR
EHBRIZF v v N—NIREIZ28C, B I1X50%I12 3% E
L, R MEDS1BFEL7200.5M127% % & 95 ICHZEA
PR L, MukE T v 2oN— IR L24BR % X 0K
WA A% TY 7 Lz, 7T FEOMERHE
% L L TIZ GL-Pak mini AERO DNPH #, %7z, VOC
WeEHE LTIETO-17/2 Markes) ZH w7z, M, 7
Ve FEIZ DWW TIX167 mL/min O HET10 L O REk
A A%, VOC 22w TIi3167 mL/min D#i#E T 1 L Dk
MA R BT T LT

2.3 hn# B GC/MS (TD-GC/MS) (C & % & 7Bl
VOCs XU TVOC DEE
TD-GC/MS 12 & % VOCs Dl 52 13 & it SR P S 2
iz % TDTS-2010 % O° GC/MS-QP-2010% FHWTLLF
R L7256 T o 72,

IMEREA 2B GC/MS D737 5t

InZeliae (SErE e (k) # TDTS-2010)
Desorption 1 280C, 50 mL He/min, 10 min
Cold Trap Temp :-10C

GC/MS (Eas#fepr (K # GC/MS-QP2010)
*Rtx-1 (0.32mm*60m, 1um)
. He, 2.35mL/min

Column Temp.  :40C-5C/min-250T
Interface Temp. : 250C

Ton Source Temp. : 200C

*m/z 35350

Column

Carrier Gas

Scan Range

WERFGALEW & LTid, PRISHEE K OB 64
WCE RS S BRI B VW TEm L2 [ENZE
KO ILEWICHT 2 2EA] ORI Y
FHNERP CEBEEICHRB SN ALEYEE LGREL
7270 VOC?® % %, n-hexane #* 5 n-hexadecane M

MoORFRCE Sz EE Lz, ThoEs
2ng-250 ng DHEPATHEBIICERT L EEHIZ, F—7%
VAL yrua< 75 A0 — 7 RS MED S total
VOC (TVOC) ®m:%H M L T toluene &L LT/RL
729, Fa v R 22— ¥ 3 VRN IZIZ AnalyzerPro
(SpectralWorks) =ML, ¥I 5V F 4 —BED
ODIAARY P WVFA475) =& LT, NISTORU
FFNSC GC/MS&#7 4 77V — (BHEMEN) &2 H
w7z,

2.4 BEKAFE/7OYMTT7 (HPLC) LB 7L
TENEOEE
DNPH #— + 1V v YO H VK= VL&Y DNPH #
BRI, 7= MY VEBWCHER L CBUEE S8,
Agilent 1% HPLC (HP-1000) % F W CTELFIZ/R L 7
FTiTo 72,
Column : Inertsil ODS-SP (4.6 mm X 250 mm)
Mobile phase . 48:52, acetonitrile : water
- 1.2 mL/min

. UV at 360 nm

Flow rate.
Detection

2.5 B

2.5.1 HEORE

KT v 8= L B EFE» O XA X D HH,
RIZ DWW THALERR Y 72 ) OB GREE % 5 L 72,
<EHaE>

EFu=CXnXxV, xU"

EFu DHAER Y72 ) OB (g /unit/h)

C T Fx YN—=HO VOC DiEE (ug/m?)
=R E DL R (ng) /225 H%ER (L)

n D% (181 h)

\' KT X v N— OB (m)

U DB oL (unit)

INEF v 2 N— I X BB R H KA & D KM
PRIZDWCTHALTE R Y72 ) ORECEE %/ L 7.
<G>
EFa=CXnXVsX A

EFa CHAATHRE M 72 0 OEOEE (ug/m*/h)

C CFy YN—=HO VOC D (ug/m?)
=R E DL R (ng) /225 d%ER (L)

n DI % (18] h)

Vs CNBEF v =0 %R (M)

Ares DB O (m?)
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INEF % ¥ N— TR S N7 B O BOHGHEE A & )
XY HALER Y 72 ) O F Bk A i L 72,
<FEHEA>
EFu_e = (EFa® X Apis @D + EFa® X Ap,i@ + EFa(® x

Ar®) XU

EFu_e : HA70RY 72 ) oS BOEGHEE (ug/unit/h)
EFa DALY 72 D O EREEE (ug/m®/h)

Apae D ARG (m?)

U DB OMEL (unit)

@©, @, @IFEhZTN&RGO TR

2.5.2 SRPBEHESTHE
KIEF v v N—2 X BB & ) kX2 & b &k
REERIME AC (ug/m’) 25 L7z,
<FHEA>
AC= (EFuxU) X (nRxXVR)"

AC D ARHIREER P IME (ug/m®)

EFu : HAaR 472 ) O REGEE (ug/unit/h)
U DB OMEL (unit)

nR I BHZEKEF VOB EE (0.5 [ /h)
VR I EHZERETVHOERE (20 m?)

3. HBREEE
3.1 XFF+voN—EKICkBHERR
SREORETIE, FA=vT77—=7T)IV Tt E),
ARV 77 —=ERWRE LT, ThEN3HMTO
DFF9 B OWTRETF * v =2 & 2 G %
EREL, TNT e FEROCHEBEARILEY OREE%
FFAli L 7z, Fig. 112, &fE20 m®, #511%%0.5 [0l/h o
MEICHEREZHEL2HEO TVOC L7 VT F
oGP EER ST IE%7RY. formaldehyde 2B L
T, AP RER ST UM ENRERSE (100 ug/
m') ZRZEEME, A=V T T =TI EGET
18, ARG 28] THY, V77 —de
THsHEZ K& FTHEI 572 (Fig. 1). 72, acetalde-
hyde lIZ2WTIEWTFh OB FHETHIHEMHE (U8ug/
m’) ZBZL5LDIHFLEL L7 (Fig. 1). —7,
TVOCIZoW TR F A =7y —7 V38, ¥
A18E, V77— 1 8E TR RER S 7 N A7400
pg/mZEiBE L, FNLUNOEFIZOWT S FHlMEIE4
THEBEEMED50%% B2 Tz (Fig. 1). HICE
i L 72629 B O BRI K NS IR B -l A E
Z3 Table 2 LU Table 312/R”¥. KFAETHRE L7
WO B2 5 b toluene, ethylbenzene, xylene,

styrene 2SI EGRE OB LA & LTS
3, ¥4V T =T NVH 12513 0BATH S
TXIB, ¥4 =V 75 —7TNVH#3, VAH1IRPFY ¥
A # 375513 butyl acetate DSEE L ELE & LT
WMBEn, /2, 7V RAH 3 OOMEALEWEHE L
T a-pinene R EH & L THW 55 cyclohexane
K OF methylcyclohexane ASBEZ 7 BUBOHEE 2 7R L 7.

TvVOoC

g

:

:

g

Estimated Increment (ug/m?)

L Pl

Sample No.
Acetaldehyde

204

ol= 1 e =
1 2 3 4 5 6 7 8 9

Sample No.

Estimated Increment ( ug!ma)

Formaldehyde

&

¢

g

Estimated Increment (ug/m?®)

> 8
||
0 |
.
|
) |

1 2 3 4 5 6 7 8 9
Sample No.

Fig.1 The estimated increment evaluated from emission
rate of TVOC and aldehydes from furniture.

Emission rate of these compounds was measured by large
chamber test method.

Broken lines; The guideline values for indoor air concentra-
tion set up by Ministry of Health, Labour and Welfare
(ug/m*)
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Table 2 Emission rate of 62 volatile organic compounds from furniture measured by large chamber test method

Emission Rate (ug/unit/h)

Sample No.

1 2 3 4 5 6 7 8 9
n-Hexane
Chloroform 45.6
24-Dimethylpentane/Methylcyclopentane
Methylcyclopentane/24-Dimethylpentane
1,1,1-Trichloroethane
1-Butanol 249.0 38.7 62.7 97.5 16.1 10.5 18.4
Benzene
1-Methoxy-2-propanol 145.0 34.2 20.7 31.6 11.6
Carbon tetrachloride
Cyclohexane 480. 2
2-Methylhexane 4.7
3-Methylhexane
Trichloroethylene 22.5
2,2,4-Trimethylpentane
n-Heptane
Methylisobutylketone 16.3 15.8 39.5 15.2 13.7 33.5
Methylcyclohexane 8.8 8.9 1864. 8
Isobutyl acetate 11.7 161.1 2.8
Toluene* 835.3 522.7 101. 9 123.9 127.8 558. 2 440. 6 1009. 9 872.9
1,4-Dimethylcyclohexane
Butyl acetate 137.6 706. 2 233.9 116.2 601.9 25.6 56. 4 149.9
n-Octane 7.
Tetrachloroethylene 4.1 3.6
1,4-Dimethylcyclohexane
Ethylbenzene* 92.6 746. 2 44.0 82.0 21.8 32.9 21.2 5.4 25.0
m, p-Xylene* 72.1 815.9 44.5 78.0 59.3 26.8 31.4 oll 24.8
2-Methyloctane 20. 4
3-Methyloctane
Styrene* 5.7 141.2 34.1 127.2 98.5 11.1 7.4 11.4
o0-Xylene* 29.8 513.6 35.0 33.9 27.8 7.4 14.8 9.9
n-Nonane 18.3 14.8 4.7
Isopropylbenzene 3.6 100. 6 2.8 3.0 10.1
3,5-Dimethyloctane
a-Pinene 179.6 3.4 25.8 1849.0 33.9
n-Propylbenzene 24.8 238.6 22.6 29.7
(+/—)-Camphene 80.2
Phenol 41.7 18.3 8.1 7.9 19.2 16.4
1,3,5-Trimethybenzene 32.1 137.2 4.6 18.0 75.5
2-Methylnonane 13.4
a-Methylstyrene
2-Ethyltoluene 34.9 169. 0 3.2 24.5 69.5
B-Pinene 5.4 32.5 3.3
2-Pentylfuran 4.0 12.0 2.6
1,24-Trimethylbenzene 233.8 8.5 16.0 130.0 394. 3 4.3 12.3
n-Decane 204.3 29.0
1,4-Dichlorobenzene
3-Carene 24.1 2. 382.9 3.9
1,2,3-Trimethylbenzene 54.4 113.3 5.7 4.7 23.1 117.4
Limonene 4.5 186. 1 3.4
1-Methyl-3-propylbenzene 14.0 15.9 2.8 5.4 15.9
n-Butylbenzene .7
n-Undecane 9.2 3.3 5.3 7.0 85.4 20. 2
1,2,4,5-Tetramethylbenzene 13.6 18.3 22.8 4.5 47.1
1,3,5-Trichlorobenzene
Camphor 3.6 5.2 5.5 36.2 4.8
Naphthalene 15.9 56.5 12.8 3.7 5.8 79.5 2.8
n-Dodecane 11.8 11.8 4.6 2.2 1.9 10.1 32.4 174.0 40.4
n-Tridecane 35.2 10.8 8.1 4.2 8.5 49.0 6.1 3.7
n-Tetradecane 49.0 10.8 11.4 4.1 6.1 8.2 24.4 71.9 56.5
n-Pentadecane 31.4 5.2 5.8 4.2 5.0 2.2 6.8
TXIB 478.4 42.7 14.3 14.1 77.4 17.3 12.1 12.9 247.4
n-Hexadecane 10.7 2.9 3.9 4.5 7.2 8.3 5.4 3. 7.8

A blank cells: Values were under the limit of quantitation (2.8 ug/unit/h).
*: The compounds for which the guideline values have been set by the Ministry of Health, Labour and Welfare.
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Table 3 Estimated increment of 62 volatile organic compounds caused by furniture

Estimated Increment (ug/m®)

Sample No.

4 5 6

n-Hexane

Chloroform

24-Dimethylpentane/Methylcyclopentane

Methylcyclopentane/24-Dimethylpentane

1,1,1-Trichloroethane

1-Butanol

24.

1.

6

1.

0

Benzene

1-Methoxy-2-propanol

14.

Carbon tetrachloride

Cyclohexane

48.

2-Methylhexane

3-Methylhexane

Trichloroethylene

2,2,4-Trimethylpentane

n-Heptane

Methylisobutylketone

Methylcyclohexane

186.

Isobutyl acetate

16.

—_

Toluene* (260 mg/m®)

83.

52.

10.

0| W | O [

12.4 12.

55.

44.

101.

1,4-Dimethylcyclohexane

Butyl acetate

13.

70.

23.4 11.

o

60.

n-Octane

Tetrachloroethylene

1,4-Dimethylcyclohexane

Ethylbenzene* (3800 mg/m®)

74.

m, p-Xylene* (870 mg/m°)

81.

2-Methyloctane

3-Methyloctane

Styrene* (220 mg/m®)

14.

12.7 9.9

o-Xylene* (870 mg/m”)

51.

n-Nonane

Isopropylbenzene

=00 | & [

10.

3,5-Dimethyloctane

a-Pinene

18.

n-Propylbenzene

23.

(+/—)-Camphene

Phenol

1,3,5-Trimethybenzene

13.

2-Methylnonane

a-Methylstyrene

2-Ethyltoluene

16.

B-Pinene

2-Pentylfuran

1,2,4-Trimethylbenzene

23.

WS
o|ws o]
w

39.

n-Decane

20.

1,4-Dichlorobenzene

3-Carene

38.

1,2,3-Trimethylbenzene

(21

w

Limonene

18.

1-Methyl-3-propylbenzene

|| |w

n-Butylbenzene

n-Undecane

o

ol

1,2,4,5-Tetramethylbenzene

—_
[oe]

-

1,3,5-Trichlorobenzene

Camphor

Naphthalene

e
=

n-Dodecane

e
o

n-Tridecane

e

n-Tetradecane

DS (W,

n-Pentadecane

TXIB

24.

n-Hexadecane

=00 | |wo|u|ro|o
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A blank cells : Values were under the limit of quantitation (0.3 ug/m®).

*: The compounds for which the guideline values have been set by the Ministry of Health, Labour and Welfare.

The values in parentheses signify the guidelines for indoor air.
1

: as Xylene
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Table4 The tentatively identified compounds emitted from furniture

Sample Rt" (min) Components Estimated increment
No. (ug/m®)?

1 5.187 | 2-Methyl-1-propanol 197
5.843 | Unknownl (Acetic acid) 121

8.727 | Toluene 93

12.940 | 2-Butoxyethanol 52

33.463 | Unknown (2-Methylpropanoic acid anhydride) 52

16.277 | 1,3,5-Trimethylbenzene 24

9.327 | Hexanal 17

3.823 | Methyl acetate 14

10.497 | 4-Hydroxy-4-methyl-2-pentanone 13

31.387 | 24,6-Tris (1,1-dimethylethyl) -4-methylcyclohexa-2,5-dien-1-one 13

9.877 | Butyl acetate 12

11.747 | Ethylbenzene 11

5.867 | 3.4-Dimethyldihydrofuran-2,5-dione 10

2 11.460 | Unknown (1-Methoxy-2-propyl acetate) 234
16.277 | Unknown (1,3,5-Trimethylbenzene) 154

9.870 | Butyl acetate 151

12.020 | Xylene 87

12.250 | Cyclohexanone 86

12.607 | 2-Ethoxyethyl acetate 85

11.740 | Ethylbenzene 73

11.463 | Unknown (1-Methoxy-2-propyl acetate) 72

12.813 | Xylene 53

29.540 | Longifolene 52

8.717 | Toluene 51

6.870 | Acetic acid 48

15.143 | 1-Ethyl-2-methylbenzene 39

4.913 | Unknown (Dimethyl carbonate) 37

14.903 | Propylbenzene 24

15.770 | 1-Ethyl-2-methylbenzene 16

14.607 | 3,6,6-Trimethylbicyclo [3.1.1] hept-2-ene 15

5.870 | 1-Butanol 14

12.630 | Styrene 14

29.747 | Caryophyllene 13

15.403 | 1,3,5-Trimethylbenzene 13

13.900 | (1-Methylethyl)-benzene 10

3 11.450 | 1-Methoxy-2-propyl acetate 282
12.237 | Cyclohexanone 88

9.867 | Butyl acetate 61

11.453 | Unknown (1-Methoxy-2-propyl acetate) 29

8.403 | N,N-Dimethylformamide 24

4.803 | Acetic acid 16

8.687 | 2-Methylpropyl acetate 14

16.023 | Tetramethylbutanedinitrile 11

8.727 | Toluene 10

4 4.860 | Acetic acid 181
9.313 | Hexanal 65

12.593 | 2-Ethoxyethyl acetate 62

29.540 | Longifolene 23

9.863 | Butyl acetate 21

4.917 | Ethyl acetate 13

12.630 | Styrene 12

8.727 | Toluene 12

6.487 | Pentanal 12

5.190 | 2-Methyl-1-propanol 11




KB B & O EA R G ORI § % W5 83

5 6.147 | Acetic acid 111
29.770 | Caryophyllene 43

5.880 | 1-Butanol 15

5.200 | 2-Methyl-1-propanol 14

16.287 | 1,35-Trimethyl-benzene 13

8.740 | Toluene 12

3.833 | Methyl acetate 11

9.890 | Butyl acetate 10

6 11.433 | Unknown (1-Methoxy-2-propyl acetate) 157
14.597 | «a-Pinene 156

4.783 | Acetic acid 141

15.223 | 3-Methoxybutyl acetate 106

7.767 | Methylcyclohexane 104

4.907 | Ethyl Acetate 67

8.720 | Toluene 50

9.853 | Butyl acetate 48

16.257 | 1,35-Trimethylbenzene 35

17.093 | 3-Carene 33

27.733 | 3-Hydroxy-2,24-trimethylpentyl isobutyrate 29

3.823 | Methyl acetate 28

17.627 | d-Limonene 24

12.913 | 2-Butoxyethanol 22

27.297 | (1-Hydroxy-244-trimethylpentan-3-yl) 2-methylpropanoate 21

18.180 | Unknown (2,3-Dimethoxy-2-methylbutane) 20

13.183 | 3-Methoxy-3-methylbutanol 15

32.047 | d-Cadinene 14

15.127 | 1-Ethyl-2-methylbenzene 13

29.493 | a-Gurjunene 11

29.740 | Caryophyllene 10

7 8.710 | Toluene 40
29.530 | Longifolene 27

12.230 | Cyclohexanone 24

31.373 | 24,6-Tris (1,1-dimethylethyl) -4-methylcyclohexa-2,5-dien-1-one 14

8 12.233 | Cyclohexanone 192
8.720 | Toluene 95

16.690 | Decane 25

23.047 | Dodecane 22

19.953 | Undecane 10

9 3.867 | Methylenechloride 187
12.250 | Cyclohexanone 101

8.737 | Toluene 76

4.577 | 2-Butanone 55

31.400 | 24,6-Tris (1,1-dimethylethyl) -4-methylcyclohexa-2,5-dien-1-one 25

8.650 | N,N-dimethylformamide 20

33.477 | Unknown (2-Methylpropanoic acid anhydride) 16

11.460 | 1-Methoxy-2-propyl acetate 15

9.883 | Butyl acetate 11

The compounds emmitted from furniture were identified tentatively by TD-GC/MS and deconvolution analysis. The table showed the
compounds of the estimated increment that exceeded 10 pg/m®

! Retention time

? ug as toluene equivalent

b EW TVOC OB NIz F A =V 75— Y, TFNRVE UG ERELERBRIACIZILALE S
7 V& formaldehyde ¥ 3% (Fy¥xyevcZ 7 A UL E O # %) ZWIEMVZY - FILVBE GEREAN - BAREE L
) M <T [ARBHFE (hvy, ¥ L ELOWH) )], [VOC X (EA%NEEIED
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e OO EWE O AP EREMEE 7 ) T TE
559, BUWHESLEMEEZIZEALHEHL TV
W) | EFRRENTVBIZE b 6T, Mg e K
L T 3 toluene, xylene K& UF ethylbenzene @ i #% 3£ B
HE < (Table2, Table3), REOMEAFRRDOZ Y
EPHETLILENHLEEZONE., /2, TIVRY
22— 3 VIRHTOKED SEEMICHE S bEW &
LT, EEXNRAEGYUUIIZ, 2-butoxyethanol 2-
ethoxyethylacetate D & 9 % 7V 2 — )V T — 7 JVEHMN
Bl &7z (Tabled). 77V I — T — 7 VEIZHRE
RERIA ¥ FEOWEH], FHEIEVEAR], ALHERECREE & L

TEHENTBY, HHHEN7Y) a— L z—F VI
B EBIC B W TS EEIUC & 2 AR PR
T A BELWE SN TWSE I Eh D, ENEERT
DORFBEFEETRTLIEDPEETHA ).

3.2 INEF v N—ERICK BB
LRI O TIZ, KT ¥ v 3= & 5 G
THICEESR 3T OWT/NNEF v Y N—EIC X B
BGRERZ 1TV, NEF v o= W TEBOREIE
B O OBEALEW B B OREOEE 2 PR 5 25 A
[ZDWTCFEli L 7z. Table5 it TVOC K O°7 V7 e K

Table5 Emission rate of TVOC and aldehydes from furniture estimated small chamber test methods

Emission Rate Emission Rate .
Sample per E?stl.mated ) i
No. Furniture Unit" Representative Parts Area” Emlssgl) Rate ((B)/(A)) x100
(A) ® ®

TVOC
1 8060 127 186 47 318 4
2 16818 3240 4628 265 7777 46
3 5973 668 789 113 1430 24
4 3520 619 33 30 705 20
5 3958 693 69 9 958 24
6 11966 2603 1357 68 1800 15
7 2584 55 92 8 146
8 4539 72 68 2 169
9 3604 35 74 3 125

Acetaldehyde
1 24 <5 <5 <5 — —
2 36 80 133 <5 205 564
3 10 45 69 <5 103 1067
4 186 7 14 7 28 15
5 128 30 13 <5 53 42
6 200 <5 44 <5 53 26
7 18 <5 <5 <5 — —
8 <7 <5 <5 <5 — —
9 13 <5 <5 <5 — —

Formaldehyde
1 2570 143 79 9 206 8
2 85 89 134 <5 215 252
3 33 <5 <5 <5 — —
4 2890 5 48 78 163 6
5 457 115 <5 40 222 49
6 1390 <5 16 171 420 30
7 119 <5 10 <5 12 10
8 27 <5 <5 <5 — —
9 143 <5 <5 61 38 27

V. Emission rate per furniture unit (ug toluene eq/unit-h; TVOC, ug/unit-h; aldehydes) was evaluated by a large chamber test method.
?: Emission rate per representative area of furniture (ug/unit-h; TVOC, ug/m’-h; aldehydes) was evaluated by a small chamber test

method.

. Estimated emission rate (ug toluene eq/unit-h; TVOC, ug/unit-h; aldehydes) was calculated from representative parts area and its

emission rate evaluated by small chamber test method.

“: Percentage (%) of estimated emission rate to actual measurement value of emission rate.
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HIZOWT, INEF v v N—3EI2 & D 5E L 72 T35
DGR IE & B O B EAL O R 2 FE AT B 72
DO AEEEZ FHL, CZoOTFHfEEZ KEF ¥ v N—ET
WE U7 BRI 3 2816 (%) TIRLZBDTH
B, FORER, INBF v v N—EIT X B BEGEE O Tl
fiiix, TVOCIZDOW T KT v v /N =D 3 ~46
%, formaldehyde {22\ Tld 6 ~252%, acetaldehyde
122V TI315~1067%TH Y, 9MEPp 2N ZRE 4
TREF v o= X BHEMBED T D/NEF ¥ ¥ o8—ik
X B FHMEIZIERTREWEE 2572 (Table5).
INEF v VS—EEIE, ¥y 72T AR 72 M
i THIA & OB G o 2 e s 5 e LTH
BALS N2 HETH Y, EBITEAR S IIRBRHE I
FENBEREMEDLDERIVATIVFE FOREEIZD
WTKEF ¥ v N—EIC X 2GR OR R &, NEF
Y N=IZ X B WERRIEH MO H B 2 & 2 Wil
LTw3Y, UL, EEOEMBOHES - ITH» 5
RERE S B HESE DB R RIEH BRIV T/MNEF ¥ U8
—HIC X DVBEORWTFH LR T 5720100, B
mm P TR S B WD & 2 54, B 2 138
EREPMEWEOMBIRE o TWAEEREL,
1B WT/NET ¥ N =3 THlET 5 T &2 B %
TIEDPEE LS, BHNREOBE»OHEIS
. F i, MEF Y N BT 2 I 2
ELTHIEDOKRE SIZERITT A2 EBRETHY, M
FY NP EHTE - OIMIImO TRO N
5. S, RKEMFEZILDETHHA LRERND?S
DAL F W AL N 2 ORHGEEE % 5§ % 720 O fif
EPORHEL THEERLTLLENHLEEZZOND.

S
AWFTEIL, P BL204F B2 AR 57 ) A8 AL AW B 4 Ao SR 2t
(R kB ) 12X v irhbhi.
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