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Evaluation of Volatile Organic Compounds (VOCs) Emitted from Household
Products by Small Chamber Test Method

Toshiko Tanaka-Kagawa, Hideto Jinno*, Tomoko Obama, Makoto Miyagawa*,

Jun Yoshikawa*, Kazuhiro Komatsu* and Hiroshi Tokunaga

Abstract

Identification and removal/replacement of sources of indoor air pollutants, such as volatile organic compounds
(VOCs) and aldehydes, are most effective measures to reduce indoor chemical exposures. For instance, formal-
dehyde emissions from building materials have been successfully decreased by the restrictions on interior finish-
ing materials under the amended Building Standard Low in Japan. This study was performed to estimate quanti-
tatively influence of household products on indoor air quality. VOC emissions were investigated for 51 products
including interior materials, bedclothes, stationeries, toys and printed matters by the small chamber test method
(JIS A 1901) under the standard conditions of 28°C , 50% relative humidity and 0.5 times/h ventilation.
Total VOC (TVOC) emissions from the tablecloth and gloves, both of which were made of polyvinyl chloride,
showed the highest emission rates; over 2000 1 g/(m*-h) after 1 day, and then rapidly decreased to less than
500 1 g/(m*-h) in a week. Among stationeries/toys for schoolchildren and infants, jigsaw puzzle and play mat
exhibited higher TVOC emission rates (38 and 24 u g/(m*-h) after 1 day, respectively). As for VOCs emitted
from printed matters, high boiling-point compounds (higher than that of z-tridecane) were typically identified
along with toluene, xylenes and ethylbenzene. These results revealed that VOC emissions from household prod-
ucts may influence significantly indoor air quality.

Keywords: indoor air, emission of volatile organic compounds, household products, small chamber test method
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DRcEE I, REOERE COMEAREELZEE L CRE 2. 3 VOCsOEE

O HUTRIEME & L, T2 em’E 725 K5 1Z7H

LU=, =V IENLERGEAIE, LTFIOR LA
TV, —AMITIZAT U VAR, T8, 72
T—7, T T —TEOVOCD B FRBRIC AL

RVRREITIRS, £72VOCEE LI Wb D& vz,

211 REAMSOMBENTET IHED0L—ILIE

GO LIERBA 2 — VR y 7 AE v — i % A
WCIED (BRI A A Te) ROVEE A —/L L, REH
147 mmX 147 mm=*3 mm& 725 X5 L72bD%E2D
TR 7.

2. 1.
I
10 LR ER & o — A & VTR (BT &
Ete) y—A L, REMMAE HI12147 mmX¥ 147 mm=*
3mméRbEHICLmboEI R L.

2 REMANSDMBEANES HHEDL -

2. 2 20LNEF v N—RIC K B ER

HEBRIIIIS A 1901:2003 TEEEMELOERMELEY
(VOC), HIVAT VT & REUMLO B VA = AbE Wik
BORE FE—/ NETF v R —3E ) ICHECCE L, R
Bta1, 3K OTABICHIBT ADY 7Y v 7% ToTz.

VOCOD H 7Y > 71T 133/ (Tenax TA/ Carbobraph
ITD / Carboxen 1000) DWW F#EETO-17/2 (Markes) % ff
AL, 167 mL/min® i T3 LOFEA A& 7Y
7 L.

VOCsDE R, MERAEEEN T A7 e~ N7 FH
MR (GC/MS) Z W CTUA TSR TE L7-.

TR A 28 1 GC/MS D 43 S 1

TN A 2L
#  F : TurboMatrix ATD [PerkinElmer. Inc.]
iAW 300C
i
Jii A& 77 A E: : 60 ml/min
WH N Z v FIRE : High 300°C, Low 5C
WHE N Z v T WAEH] : Tenax-TA
NIRRT =T 4 SRE 225C

: 10 min

ARy v~ 757 ERoHTE
%  FE : Clarus 500 [PerkinElmer. Inc.]
# 5 A : EQUITY-1
[T ~T R v F Vv USR]
$0.25 mmX60 m, BEE 025 um
AT 27U v b (1:20)
F 7 HNEE - 40°C—5C /minF-iE—250°C (3 min)
H AV & : helium 1 ml/min

AF x4 A A 025 sec

HEMZRAEY & L TiE, FERISHEE K OVE K 64F
P E NI EE SR AR W THEmR L. =N
ZBRF OB EEHIEWIZET 2 2ERE] OR
LV ENERTTEEEICREINOIFHWELEL LT
BE L7=70FE»OVOC (Table 1) @ 5 %, n-hexane?d» 5
n-hexadecane D [ DR FFIRE T EE H & 2 6249 % 3]

Table 1. Seventy volatile organic compounds frequently detected in the indoor air of Japanese dwellings

VOCs Itpger VOCs TrpGex VOCs TrpGex VOCs Ttpger
Acetone <600 2-Methylhexane 663 3-Methyloctane 872 n-Decane 1000
2-Propanol <600 3-Methylhexane 673 Styrene 880 1,4-Dichlorobenzene 1000
Methyl acetate <600 | Trichloroethylene 689 o-Xylene 885 3-Carene 1013
Dichloromethane < 600 2,2,4-Trimethylpentane 689 n-Nonane 900 1,2,3-Trimethylbenzene 1016
2-Methylpentane <600 | n-Heptane 700 Isopropylbenzene 917 d-Limonene 1029
Methylethylketone <600 Methylisobutylketone 720 3,5-Dimethyloctane 928 1-Methyl-3-propylbenzene 1045
3-Methylpentane <600 Methylcyclohexane 723 alpha-Pinene 938 n-Butylbenzene 1051
Ethyl acetate <600 Isobutyl acetate 755 n-Propylbenzene 947 n-Undecane 1100
n-Hexane 600 Toluene 756 (+)-Camphene 1 951 1,2,4,5-Tetramethylbenzene | 1113
Chloroform 603 1,4-dimethylcyclohexane 781 (x)-Camphene 2 953 1,3,5-trichlorobenzene 1128
2,4-Dimethylpentane 625 Butyl acetate 795 Phenol 956 Camphor 1136
Methylcyclopentane 626 n-Octane 800 1,3,5-Trimethybenzene 962 Naphthalene 1179
1,1,1-Trichloroethane 634 Tetrachloroethylene 805 2-Methylnonane 965 n-Dodecane 1200
1-Butanol 642 1,4-dimethylcyclohexane 807 alpha-Methylstyrene 972 n-Tridecane 1300
Benzene 649 Ethylbenzene 853 2-Ethyltoluene 973 n-Tetradecane 1400
1-Methoxy-2-propanol 654 m-Xylene 862 beta-Pinene 980 n-Pentadecane 1500
Carbon tetrachloride 655 p-Xylene 862 2-Pentylfuran 982 TXIB 1591
Cyclohexane 659 2-Methyloctane 865 1,2,4-Trimethylbenzene 988 n-Hexadecane 1600

*; Temperature programmed retention index
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WWERTDHELBIT, F—ENAAF a2 TFhD
v — 7 EREFE S E D Htotal VOC (TVOC) TVOCH: % &
Hi L CtoluenefftEifl & L TR L7=Y.

2. 4 f#iR
T A OFVOCHREE D B R EUT & 0 3808 0 BAf7
EAEY 720 ORECERE [pg/(m>h) 128 LE (E&
TBRME 2 pg/ (m*+h) (FHEESSEWE), 20 ng/ (m*-h)
(TVOCQ)).
EF.={(C-C», ) XnXV}/A
Ct : FREFFEHC I T B/ NETF ¥ o N—HNOD
VOCOREE (ng/m’)
Coy : TRIBFEFINCISIT D R TV T T 7 E (ugm’)
n o HSUEE (E)/h)
V i NEFv o A—DE (md)
A BRSO (m?)

Fio, FEMAMBIZLDKPREHSEO TR, T
ve— 7 BRRIC X D ENERMET L (IS A 6921:2003
TEEAR MR EE2) 28 L, wRUT L PRI SMEAC
(pgm’) ZEH L.

EFa X Ag
ng X Vg

A C=
EFa: BALEREYS 72 0 OBEGHE n g/ (m’h) ]
A FEM (m?)
n g @ BAELSRIEHC (0.5E]/h)
VR EAERE (174 m’)

3. BREER

KB b OB B % &K OTRZICE T 2TVOC
JEHOREE & Table 22, 7=, EMEMEEOXSRLE Lz
L&Y OF T, EIZHRHENZVOC%ETable 3I2F & 8
7. ZBIT, BAREBET SR 2K P ERERE S TR
fE% Table 477 L7z, 7233, AEIOFETHESG & L
51BN 1IEE (avr <=y k) IZoW T, NEEYE
WE ORFFRFFICGCMS DRIE EIR %88 2 2 3k sk
EY—7 BN Sz, TVOCE R CHIEREE
L.

AT VT A By b=y b EDTVOCD Sk
WL < QPR THIE S & o7 (Table 2, 4).
FERBEIZEB W CIINE L THEM T 5 72 VOCHKMS & 5
W 52 EnBx b, A GBE) R FToOhk
WO & AT A MR ENT.

BFHS: FT—T7 VI rRAA, FroFar<wvh F
TR B O B = VLA 5 OTVOCD L2 £ <,

FRICHAL E = VLTS 5 O BAL AT Y 72 0 o JigioR
EIIARHERB PR K TH -7 (Table 2). T—T L7
2 AARK VT AFLRZ OV TR TR S T HIE S &
<, T=7W7u AAZ INCUIH L © = VEEFIRAR )
BT NVERICHEIET 27200 Ol E B EERE £ TEAN
HRIND AN~ INT (Table 4). T—7 L7 1
AAD G Idtoluene, T > F 3 < v b iExyleneS R
&4 (Table 3), SHFREM S TFRHESE LTEIT—7
Jb 7 1 AADtoluene?S F 7> > 7= (Table 4). F7=, 7—
7V 7 1 AAD 6 [Tphenol & Utmethylisobuthylketone ™ /i
BA3%£ < (Table 3), phenoldD i Hv il BE A 45 T I 13230
pg/m’ & TRUERY 72 0 TIE etk e E D72 TR
ToH-o7= (Table 4).

YR wUARy RROBT A7~y FhBDTVOCD
Hen 2 <, BRI & 28 & 77 o 72 (Table 2).
~ U ARy Rinbxylened % < it &iv7=28 (Table 3),
TR THME (Table 4) 22HBET 5 L ENRE
~OEBIINEWEBEZ NS, F, TAI vy ko
| dphenol DFLHN 2 Hr > Tz

R VU Y=RANKBT A=y FInBEDTVOC
DI ENR %D o7 (Table 2). 7L A~ v MIBWT
TR RREIC £ 2 b A7 <, KPR 4 T HIME &
ot (Table 4). V7Y — ANV KEORT VLA~ v b
H(Ztoluene M H S 7z (Table 3). Fiz, ¥/ Y —x
AN BT ATBEAITXIBO KA 7~ 7= (Table 3).

FIR%:  FIRI A Cl2B8 W CTVOCD i % <, n-
tridecane AR O Sl R OB 3% < B S AL7z (Table 2,
3). MEREAD B ldxylene &z Ulethylbenzene 3 i BE Tk HY
iz (Table 3).

EE-BEAHS - DA - K| SEFHE LR
FHZ B W TIITVOCO B ITAR > ~ 7= (Table 2).
fE B E B DO x5 & Ui b &P LM FEE R o> & ]
DL FMEN BB EIN D EH 6T HEHBNT,
GCMSIZ LD TR ET a v AR ) a—va vy 7 b
7 =7 (AnalyzerPro™, SpectralWorks Ltd) % f\> T fi#
Bri, &R B EInsmks s LT EMNICRE
ENDHEMICEYERE L. Fig LIARFEICIS VT
TVOC D BGEREE AN i 73 > T2 TREHZ DWW T, 2 Eho
B D RR SN T AW 2R PIR T AW 5
Ltoluenefififi s L CRLIZBDTHD. FOFME, K
FETHEINEREDORFR E LI{LEY (Table 1) LISMZE
O FENZEA P OB ENTHWD Z &R 6
MR oTz, Fiz, ARFHELZRERMSO S H940H
7> Balkylcyclohexanes 23 UL S 415 AIREMEDSHIBT L 72,

JEAFBE TIEENZERIGLRIARD DA T4 &
L CIBEIC W CENBEREHEZ REL T 5. 4
B OFE T, N EZ < OFEM &S R ERE
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S GM)'E T & Dtoluene, xylene & (Rethylbenzene?) H i &
WD ENP LT o7, toluene, xylene M Ulethyl-
benzenelX W\ 4L b AR R K OB g - KIS AEA T
LHIERHMLNTEY, BERNEERHEE LTEAE
260 pg/m’, 870 pg/m’, 3800 pg/m’H3 5K E & 41T\
2. toluene, xylene} UethylbenzenelI A HEIAHKI & L T
SHEHESNTEY, FRCHMBSZ Az Wiy sy —
NZNED ZNBALFEWE OB S o T2 Blf & L
T, ®WRIZA 7 ROEEAIPMERI LT D2 L&
ZbND. £, THETIEREN D DOVOCH kT
B 2 AR RY 12350 Ttoluene=xylene s 0 5 75 1 ¢
1k 7K 2 $8 O i 1 Zn-pentadecane<°n-hexadecane s O fIg JIfj &
IRACAKFBEDH S ND Z ERHREINTHND. 20k
2 7 RIBNR RAC KR FIEA 7 Al LTHER &
TWDHR, ThHlbEMd 55, n-tetradecanelZB L T
37 v MEAZRBRIZB T DB~ O ELFEIEREE LS L

TENEEESHME 330 pg/m’) NEESNTNS. &
BIOFHEIZB N THHIRY CTH 2 EEEL O Lo & —
7> bn-tetradecane & 7 T P B ) W L D IR TR BR ALK 58
HEN BT 2 Z E RO R -7z, EBIERDEL
B LAIMCFIE T S & R S D AT MEA R ST
alkylcyclohexanes!3 7 H IR A RIE B KD D vy 7Y
AKHNGER & L TEISA 7R, R - B ARBEEA,
HENE T A S ¥ERH e & U REBTEAl & L CA %
HAEOBMATHRINS. LirL, BEERERITIBANE
HIZBET A HEHRBIBO TIRONTWA Z &b, 4%
Bl EBETENMLETHA ).

Pl E, (bFWEIC X2 EmNZERIGYICKRT 2 231 ek
xRz U5 LT, BERETOLFEMEOFEEL
R 5 L LT, FEHMOLBE SN DIEWEIC
DWTHEINCHAE L TV ZENEBETHL EEXD
nas.
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Table 2. Emission rate of total volatile organic compounds

from household materials

B4 1A% T7H#%
pg/(m’-h)
A7 U7 HM
H—~Xv kA 63 34
B —~Xv B 53 33
Ky F =2y b 640 490
A 5 L% <20 <20
H—F v A <20 <20
—7 2 B <20 <20
JAE A [ 160 87
J ) hy— b 850 230
UVHhHy bvr—©b 71 29
B#H
i B A R <20 <20
i [ B(#AR ) 28 <20
il C(= &> #A ) <20 <20
A D( B — A ) <20 <20
<~y ML A 170 120
Ny RNy R 26 <20
EA A <20 <20
Ef B <20 <20
k 160 160
B AT
T—T) 7 a XA 2000 440
F—7 )7 AB 49 31
SoFar<=yvh 330 250
mLAEY—h <20 <20
Btz a X <20 <20
F WA <20 <20
* 2K B 360 230
FREHAE=1VFE 6100 500
b5 <20 <20
& =
A=~y b <20 <20
gh& vy b <20 <20
I 40 b
T =Ry T A 43 <20
Iy — 2 A 77 43
I #7r — A B 170 180
ST FET—+ 96 36
AT — b <20 <20
B o X — 57 <20
A HH
Y — & — () <20 <20
- —(7 V=2 TWHE) <20 <20
A IR (BT ) <20 <20
FHEXR (7 ) —=v ) 79 <20
SR
72 IVT 77 AN 51 28
< ARy R 1900 1200
5H A& <20 <20
FAY < v b 1000 600
ST =y k 3800 840
bt B
T =N 360 170
7L A~y b 590 420
il 42
MERE A 1100 290
MEFE B 320 190
B A 1200 370
B B 1300 410
R 800 380




84 ST i T W % 125 5 (2007)

Table 3. The main VOC constituent from household products

EREEd WE 4  (ug/(m*-h))

=~y b A n-Dodecane (20), n-Tetradecane* (18)

7z h¥—Fh Toluene* (180)

UvVaHy bv—k Phenol (240)

TFT—=T7I) T a A A Phenol (840), Methylisobuthylketone (740),Toluene* (260), n-Decane (58),
JrvFar<wv b Xylene* (110), 1,2,4-Trimethylbenzene (88), 1,2,3-Trimethylbenzene (28)
F 7R B n-Decane (90), n-Dodecane (83), n-Tetradecane* (18)

TAFR n-Tridecane (22)

I — A2 A n-Hexane (47)

FHEARY () —= v TBRE) Tetrachloroethylene (280)

70T 774 a-Pinene (23)

Xylene* (130), 1,2,4-Trimethylbenzene (84), n-Dodecane (64), Limonene (63),

YU ANy R n-Undecane (60), Ethylbenzene* (52)

FAT = v b Phenol (710), n-Decane (84), n-Undecane (82), n-Dodecane (61), n-Nonane (52),
T = XX TXIB (410), Toluene* (38)

TrA~y b Toluene* (24)

HEFE A Toluene* (280), Xylene* (170), Ethylbenzene* (94)

MEFE B Xylene* (24),Toluene* (23)

HFrEH A n-Pentadecane (110), n-Hexadecane (41)

B A B n-Pentadecane (140), n-Hexadecane (57)

h v H— n-Pentadecane (51), n-Hexadecane (22), n-Tetradecane (21)

*;Chemical compounds which has been set up the guideline values for indoor air concentration by Ministry of Health, Labour
and Welfare

Table 4. The increment of VOC concentration in indoor environment estimated by its emission rate

B4 ST Y PR pg/m®
TVOC a2 R E S h T2 voc Z O o FE 7 VOC
H—=v A 51 n-Tetradecane 15 (330) — —
Ay A —~v b 120 — — — —
7 x )b h¥— |k 5.9 Toluene 1.2 (260) - -
Uv 7y bvr—+§ 26 - - Phenol 89
FT—=TI I a A A 550 Toluene 72 (260) Phenol 230
SyFarwvy b 4.6 Xylene 1.5 (870) — -
F e B 7 n-Tetradecane 0.4 (330) — —
= 5 F4E 98 — — — —
FHEXR A7V —= v THLHET) 14 - - Tetrachloroethylene 48
~ ANy K 11 Xylene 0.7 (870) - -
TAZ~ v b 52 — — Phenol 37
T =) 5 Toluene 0.5 (260) TXIB 5.7
TrA vy b 81 Toluene 3.3 (260) — —
HERE A 15 Toluene 3.9 (260) - —
MiFE B 4.4 Toluene 0.3 (260) — —
HrRIAE A 30 — - - -
BrHAE B 66 - - - -
H L H— 29 n-Tetradecane 1.0 (330) — —

Values were calculated using the emission rate on day-1.

() ; The guideline values for indoor air concentration set up by Ministry of Health, Labour and Welfare (u g/m’)
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Fig. 1. Provisionally identified compound groups as VOCs emitted from household materials.

4. F&8

STREDZRE A MBI DN TNNLT ¥ L N—1EIZ X D ki
WA IE U7 R, Hb e = VR RLE, R ofKun
FHEAME T BB - SCE S B TVOC R FE A3
g3INlc. Fio, R GEsE, KL O L2 —)
W LR CTVOCK B E N o2, 2 DbAY
ORI TRE BRI LAs, HiRIC DWW Tk i
RIE % O NENERIFETHEVIRBEELT
ENEKHONFWEREICKT 2 FHG &2 M9 5% E
NHDLIHLDOEEZLND. 20X, FEMGLHSK
BT 2L FE N BN RIGRICEE RGN RT3
ERHVEDLZERPALNIR ST

HEE

AWFTE A FRT D187 0 ZHEBY £ LI @
B R A LA E LR E - SRR
FRAEONC BRI TRBN I LE T

2 £ X W
D) vy rnyx (ENZERQGY) xEEETBE - &
HERRETFWEZ 2 RE - ALFWE DR 2XR
= bR—
(http://www.mhlw.go.jp/new-info/kobetu/seikatu/kagaku/)
2) BRI S vy 7 T ZXRICOWT:E T
A - BREATEUR— L=
(http://www.mlit.go.jp/jutakukentiku/build/sickhouse.html)
3) MHERE A OFEEH S DR S D ER AL S
W ORTE FFIECBE S D WS R L TAR L R AR 7 Lo
gt ABh & - LB Y A 7 e F 5 ST
HE (2006)
4) ERL16- 1T BB EUCE D 72 O AL S &
HEEANBRER R — L=
(http://www.textbook.or.jp/reports/h 16-17report.html)





