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Volatile Organic Compounds (VOCs) Emitted from Wood Furniture
— Estimation of Emission Rate by Passive Flux Sampler —

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

The aim of this study was to evaluate aldehydes and other volatile organic compounds (VOCs) emis-
sion from furniture, which may cause hazardous influence on human being such as sick building/sick
house syndrome. In this study, VOCs emitted from six kinds of wood furniture, including three set of
dining tables and three beds, were analyzed by large chamber test method (JIS A 1911). Based on the
emission rates of total VOCs (TVOC), the impacts on the indoor TVOC was estimated by the simulation
model with volume of 20 m® and ventilation frequency of 0.5 times/h. The estimated increment of formal-
dehyde were exceeded the guideline value (100 ug/m®) in one set of dining table and one bed. The
estimated TVOC increment values were exceeded the provisional target value for indoor air (400 pg/m®)
in two sets of dining tables and two beds. These results revealed that VOC emissions from wood 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 five areas of furniture unit were
evaluated by passive sampling method using flux sampler and emission rate from full-sized furniture was
predicted. Emission rates predicted by flux passive sampler were 10~106% (formaldehyde) and 8~141%
(TVOC) of the data measured using large chamber test, respectively.
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D—DTHIHEMICE LTI, BEEELEOYEICL - SIEAT BIZBWRLEWHICH T 2k E L TE RS
THEALZEE OEFAL R L s Cwd, FdH N-HHEP 09 LiEEERE L TR FHOE 272K
IZE > TRENIZELATE NS RERMIISHEL L BNy Fo 2B ZHBRE L, FHMEOELL 7
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LORERPS, BNERHEGIIBIT 2 ARABRKIRAOF
HlzowTEE Lz, 512, WNEHEHT BOIFR
TS T BB TORMD Ei L, EPEORZEIR
D7 SO U 72 3Rl 5 302D W T B MREE L 7.

FARBFZETIE, IS 72 B RIUFEEH A & ok
SN 2LEWE % BB DR ENIZILIR T 5 72D O FFAl
oMy aHIEL, LEoBRE Rz T HES%%
L CEES XGOEIHH O Ot % IERERN 2
FELTC7 Iy 7 ABERNEEICEDREL, #mY
72 ) ORCHGEE & HEFT L 7.

2. RBGE
2.1 HEBRESRUHEEER
AR & 70 B KAV EE M i 6 BT & 0 & %E

Table1 The specifications for samples investigated in this study

LEEA L7z, RPFETHRE LB OMZEZ Table 1
R, ThASEIOVWT, ZAF ¥ L 2820 m*F ¥
YON—FEH L, #E28T, M IRES%, AN
0.5 [l /h DEMTRKEF v~ yv—i: (JIS A 1911 : 2006
B OF JIS A 1912 1 2008) (ZHEHL L TR 2 FE 0 L
oo F72, WAL T7 9 v 2 ARAERNEHO/NEE R
(JIS A 1903 : 2008H#HL) % F v C EZEFAL 5 EAT 2 S
DAL E O RCHcE: & W L7z,

2.2 ZERHEERUCIFE

WMotk % F v > /N — P TE L 240¢ ] 4 ) OST 205 1 212
TI7TATHEICEIDEREZRN L. 7774 7K
5 BRI EREA E LTF ¥ v 3N —HER AR,
Fe OB R O R BEFPR L L CRlAHE 120 cm O FF

<> made in Chine

Parts area
Sample Product information Furniture parts tested by small chamber methods in the furniture
(m’)
Table & Chair | Size : 1800 mm X 850 mm X 690 mm (Table) @, @ top plate of the table (the upper side) 151
#1 440 mm % 590 mm % 870 mm (Chair) ® top plate of the table (the upper side) 145
Surface area: 10.7 m’* @, ® the seat 141
< table and 6 chairs
<> made in Japan
O Fiodedeyy
Table & Chair | Size : 1800 mm % 900 mm X 700 mm (Table) @, top plate of the table (the right side) 1.62
#2 460 mm % 610 mm X 890 mm (Chair) ® top plate of the table (the reverse side) 157
Surface area: 11.6 m* @, ® theseat 1.81
<> table and 6 chairs
<> made in Thailand
Table & Chair | Size : 1800 mm % 800 mm X 700 mm (Table) @, @ top plate of the table (the right side) 144
#3 430 mm % 550 mm X 800 mm (Chair) ® top plate of the table (the reverse side) 143
Surface area: 12.0 m’* @ the seat 1.73
<> table and 6 chairs, with drawers ® the inner bottom of the drawer 0.255
< made in Vietnam
Bed#1 Size : 2040 mm % 1040 mm X 1750 mm @, the bese board (the upper side) 5.67
Surface area: 21.8 m* ®@ the bese board (the reverse side) 159
<> double deck bed, without mattresses ®, the bed flame 5.95
<> made in Japan
O Folokk
Bed#2 Size : 2085 mm x 1070 mm X 1600 mm @, @, ® the bottom base plate (the upper side) 9.68
Surface area: 19.4 m’* ®, @ the bed flame 5.02
<> double deck bed, without mattresses
<> made in Chine
Bed#3 Size : 2140 mm X 1050 mm X 900 mm @) the hed bord (the upper plate) 0.158
Surface area: 845 m’ @ the hed bord (the inner plate) 0.377
<> single platform bed, with head board and un |®), @ the base board 2.34
derbed dresser drawers, without mattresses |® the inner bottom of the drawer 0.818
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2 R AT CHEME L 72,

TIVFe FEREHIZIEF ¥ ¥ /38— HN22% %500 ml
min DFHETLEEISL # DNPH A — Y v VICHEL
7z. VOC 2 F121%100 ml/min O#i# T Tenax TA W%
HANCHE L2, m, W= TVOC K OV HI & &kt
SV OWEICIZEREIL, VOC OHEREMIENT 12134
m5L & L7

U B DT 75 4 THRIZE DY T U THIRT L
Bz, BN EEMEOCNT i ESE2 2B L5 K%
¥ 7Y v ERfL & LT, ADSEC CELL (ADTEC
Co.) HWT 79 v 7 ZAFAERMEEIC L D208 /<y
YT UT)v T R ol YT VI BEIZDOWT
id Table 1 127§, 75k FEOSH Tl&, DSD-
DNPH % ffi4£#4) & UCHE L, A8 502 8 Uik
rax M5 7ETHE LK. $72, VOC HOGHT
13 VOC-SD ##li$E#I & LT L, wEHhilB#12 GC
MS Tl L 7.

2.3 VOC DiBREMMEIRAE

INEiAE2EE TD-20 (R E/ETR), #Arux b7
7 7 GC-2010 (5t B/EAT #) Je OSTRAT IRF () B0 B 55 3 A
#F TruTOF HT TOFMS (LECO Japan #:#) # JH\\T
UMIOR LR Tt ziro /2. BEKLT IR
2 — ¥ a YENTIZ1E ChromaTOF Version 4. 23 (LECO
Japan) ZMEH L72. (& TR Toluene #5fE & L
T10ng. Em FRRAEA S F ¥ ¥ /Y—HNO VOC i#E D
FER TR IZ2 ug/m’, BEGEE O & T BREIX20 ug
unit/h) TdH - 72,

Ik bisg FEiE A} GC/TOFMS O34 4

InEhBiEE (RERERT (Bk) L TDTS-2010)
Desorption :280C, 50 mL He/min, 6 min
Cold Trap Temp :—20C

GC/TOFMS (E#t#eir (%) # GC/LECO Japan #
TruTOF)

Column . HP-1IMS
(0.25mm*30m, 0.5um)
. He, 2.35mL/min

1 40C-6 C/min—250C

Carrier Gas
Column Temp.

Interface Temp.  : 250C

Ion Source Temp. : 250C

Mass Range - m/z 35-500
2.4 & W

<EGEEE/ KIEF x v N—iE>
KIEF ¥ V8= X R R 5 R L ) F£H)

PRIZ DV THALEE S 72 ) OREGEE 2 /L 7.
G0
EF,.=CXnXV,

EF., : H{ZERR472 0 ok (ug/unit/h)

C D F Y N—=H® VOC DEE (ug/m’)
=N EWEOERE (ng) /Z=25HM%ER (L)

n DA (151 D)

V. REFX UN—-0OFR (m)

<BHORE/ 7 T v 7 AR gD >

7 v 7 A5 L B RS XRT X
D ZRBARIZ DWW CHALHRE Y72 0 OBHGEE % 50 L
7.

GEHE)
L=Mtx (AXT)™"

L. CHEHERELZY 075y 2 AER (ug/mP/h)

Mt : FEERFE TICBI ANy YT 7I5—128 5%
VOC otk (ng)

A EEHERE (m*)

T RGEEERE (h)

<77 v 7 AFERMNEDLIC X 2RO 7H >

75y 7 ASEENERICL > THELNLE (FE)
AL OB EE & BT O KA O THIFE & 2RI LT T
BRI L) BB D 72 ) OREGEEE O F Ml 2 FH L
7.

G50

P_ EF.= (EFu.d X Afu@ + EF1® X Ag@ + EF5.(3) X
Anx® + EF5® X Agei® + EF3® X 200®) X A X (A
DO+ Aw@+ An® + An@® + A ®) 7!

D7 Ty 7 AFERIEEIC X D ALY

72 ) ORBEGEEOFIME (ug/unit/h)

EFiu 27Ty 7 AFARMEREIZ X B HEXSER
O HEALHERE S 72 ) OREGEE (ug/m*/h)

A 7Ty AFEEHEETHRET S (E
9) B oEmE (m)

A RO 4K R (m?)

P_EF.

@, @, ®, @, GF79 v 7 ARERNELETHESR
T D EE A RT)

KIEF v o= L 2MEFRIIHTE 7T v 7 X
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FAERME DT & 2 BOGEIE D T RO H & LT ORESE
RICEVHEIBL, 79y 7 AFRAERWEECL S TFHO
HitE % %5 L7,

(F510)
Tl =p_EF./EF.

<SR H R EEYE o A >

KIEF ¥ yN—IC L 2R R L D KRk ) &g
FE# S AC (ug/m’) ZHEM L7

<FHEX>

AC= (EF.xUR) / (nR X Vy)

AC L SCPIREERS P IE (ug/m?)

EF.  HAZE0R Y472 0 ook (ug/unit/h)
UR  :fE% (unit)

nR [ BERNEKEFVAOESMEE (0.5[/h)

Ve I R2NZERETVHOLR (20m°)
3. BREZE

SHOPAETIE, ThETORECBTLAWED
AT Z LSRR S, A2 PIO-NET (42 #
AIEEER v b T =27 - VAT L) ANDIZBWBRILEY

BT 2B BOL KABBLELTIRMNT v T
ENTWETA =V T =Tk, 1BV b IEIC
B9 B RO D L\ 2 LA STV B AREA
v FO 2O KRR EIZOWT, ThE A B
EHTORL L 3T O 6 BRI OVWTREF ¥ ~
N— (20m’) IZXBIEGRABIE ERL 7V T e FER
" VOC Dk & 3 L 7.

Table 2 X U Table 31Z7 V7 FE KU VOCs 12D
WTENS ORHEGREER T & 0 g L2/ hiREE s
HfE % 789, acetaldehyde 22\ TIx4KEHE (48 pg
m’) A LIENRTFHINLERIIEDONLH o
72Dk L, formaldehyde \ZBY L Cld A iR ER 5T
WA E IR ESRSHME (100 pg/'m’) %2 % BT,
FAZY =70V T38mp 185, Xy FT3HEN
m1BREELZ. 72, TVOCIZOWTIZY 1 =~
=7 285, Ny R 2 BN TR i R Tl
M TVOC O % HEEME TH 5400 ug/m*% @ L T W
72. MEBIZE = L 72 toluene, xylene, ethylbenzene K&
W styrene DWW TIEWIN G EREERELZBZ 5 2
EPTREEIND LXRVORBARD HNT, bbbt
DALEW ORI EERT A ENEETHH I LEAURE
ni7-.

ERNGAEM PN DR EWEIZOWT, FA/1
<~ N7 T 7/ RATIEEVE BT EHC & A ER N T
IR 2—vary - YITY T4 —RBEORN = E

Table 2 Estimated increment of aldehydes (ug/m?) WL, WEMREZT-o 28R, TVOC OREEI S
Acetaldehyde Formaldehyde MolzF A4 =V 77— TN b IE BB EAFEDBER
24H 72H 24H 72H L LT &M Twb1-methoxy-2-propyl acetate, ace-

Table & Chair#1 48 37 838 638 tic acid, butyl ester % 2-ethoxyethyl acetate % 75 3 %
Table & Chair#2 35 45 66 %9 aibae LT s hrz, —J5, KRBy FIZBELT
Table & Chair#3 21 2.9 520 320 X, TVOC OB ZE L Edr oz 28 BICBWTH
Bed#1 22 22 38 36 HWE N FELRYE L cedrene X a-pinene 55 O KA H
Bed#2 29 19 11 & KCTH2IEDPTFHENBUFWHTHo/. ThDT
Bed#3 o7 32 100 98 NRYEDOBACERD OAEED TSN TB Y, ik
Table 3 Estimated increment of VOCs (ug/m’ or pg Toluene/m?)
Toluene Xylene Ethylbenzene Styrene TVOC

24H 72H 24H 72H 24H 72H 24H 72H 24H 72H

Table & Chair#1 6.8 - 8.6 55 - - - 2200 1300

Table & Chair#2 39 30 13 89 5.1 4.8 - 800 470

Table & Chair#3 - - 30 29 3.7 3.7 140 140

Bed#1 - - - - - - - 69 38

Bed#2 - - - - - - - 2900* 2200

Bed#3 - - - - - - - 2300 2100

— : not detected.

: reference data because the sample contains the substance which was above the upper detection limit by GC/MS analysis.
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ENBHBEMABILAWE TVOC L LTELZDDA
ORI EWE R FET AL PEETH L L ER
bhb.,

F 72, MR 24K 15 K O 720 R 5 DG H & ik
Le, ¥A=ZU T TF—=TNHhroFRIHEH I Lok
BT, KRBy F2SBB a7 VR VHIC
B L CIIREEERE D3RR TH o 72, PHRITEEEICFE M L
7o, FREEFH GSTHS 2 0F RS L 2 IHGRER o 45 1 T
Y, PCTHILEWE OB E ol T =T V7 a R
RaANr <y bTHREORME &L & IR EE AT
AT ls, BMALZKERMZZNICRET SR
HMVEITHE LB LA E O EE fF > TERT5 2 &
TALFEWE DO RFEE T B EARIBHEE LTHMTH
HLEZONBEH, RPFAETHAELARBXy FIZBL
TS W E ORI 2 B AR C b 72 5 2 & 257
BEINnd., BNERGREEZ L LTI, ENOEEA
WROFE, T2bERBOREM A S DLEWE D
BB L CES B OB &S EHEILETH D LE X
bhb.

51T, ARRERCIE G 2 M3 2 B OIS 612
M3 20008 & LTl 120 cm TZRAIRIN % it

Table 4 Prediction of aldehydes emission rates using flux
passive sampler

Acetaldehyde Formaldehyde

24H 72H 24H 72H
Table & Chair#1 0.13 0.16 - -
Table & Chair#2 0.34 0.26 0.10 0.11
Table & Chair#3 1.05 0.76 0.69 112
Bed#1 0.67 0.67 0.83 0.83
Bed#2 045 0.68 0.74 1.06
Bed#3 0.22 0.38 0.14 0.14

Values show the ratio of emission rates estimated using flux pas-
sive sampler to those by large chamber test method.

— : not calculated because the data were under the detection
limit.

L, &FRRE LTF v v N —HER M HE TR 72
R L7z, TR, 7)) Y 7B X 58
EREIED SN ol F ¥ v N— N E BRI
[[1%#50.5 B/h DM TEHND LGB — 1B I N T
WAGEIZIZRIN 2 HREORBZEZRITONE EER
bNnb.

77y 7 ASERMAEEICLS T VT FEICET S
G R % Fig. 1 X O'Fig. 212”3, TV T e FEHO
BRI B OEAIC X o> GEVWSRDO LN, ¥4 =7
ty bOYE, =7 IVORE K PEM (Sampling
point1-3) ICHRTH T DHEEER (Samplet 2 ; Sam-
pling point4 and5, Sample#f 3 ; Sampling point 4 )
75 O formaldehyde A& o 72, 75 v 7 A54E
HHEEI L > THON LB OR L 5 545 BT Ok
BOREED S, BEMAERD O OREHEERE OHERT 217 - 724
R, formaldehyde (2B LTI E A% f= T BRAE 2 i
THEIEHTE %\ Table & Chair#t 1 #7258
fkr 3 ¥tk (Table & Chair#t 3, Bed# 1, Bed# 2)
IZBWT, FHMEIX69%~112%Td - 72 (Table4).
¥ 72, FRED 3MAKIZ DWW T acetaldehyde 2§ 5 F
W I1245%~105%TdH > 7= (Tabled ). Ll LR
S57NVTe FEICHLT, #mllloTE77 v 7 A%
ERMNEETEATOY 7)) R ERTAI EICE
o TEEERD D ORBEEE & &S W E TFHIT
EHZEDBHOLDRIIR 7.

FEAL S D VOC BERE % 7 T v 7 A5 =il
(2 & o CaHili L7245 R % Fig. 3-Fig. 71Im L7z, #BAL
Mo TVOC BRI B L o Ta{ R o728y —
v %7k L, Table & Chairf 1 TIZRIKDKIEHIZB VT
HEITHE D TR W il (3000 ug Toluene/m®/h PL 1) 2%
RO LNI=DIZx L, Table & Chair# 3 TIZRIRKDE
WA 5 DOREAE £, Table & Chair#t 2 TI3#5 T FEH
OO LHEETH 572, /2, Bed#t 3 TIRT O
IhHHDTEW TVOC DREFHEO . 75y
7 ZFAEREEIZ L > TRON L BN ORL 5 AL 5

Table 5 Prediction of VOCs emission rates using flux passive sampler

Toluene Xylene Ethylbenzene Styrene TVOC

24H 72H 24H 72H 24H 72H 24H 72H 24H 72H
Table & Chair#1 0.13 - 0.15 - 0.18 - - - 0.59 0.99
Table & Chair#2 0.67 0.88 041 - 0.37 0.65 0.20 - 0.29 0.49
Table & Chair#3 - - 257 2.65 2,57 2,57 - - 0.96 0.96
Bed#1 - -
Bed#2 0.08 0.11
Bed#3 1.29 141

Values show the ratio of emission rates estimated using flux passive sampler to those by large chamber test method.

— : not calculated because the data were under the detection limit.
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Fig. 1 The emission rates of acetaldehyde from five areas
of furniture by flux passive sampler.
ND; not detected
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Fig. 3 The emission rates of toluene from five areas of
furniture by flux passive sampler.
ND; not detected
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Fig. 2 The emission rates of formaldehyde from five areas
of furniture by flux passive sampler.
ND; not detected
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Fig. 4 The emission rates of xylene from five areas of
furniture by flux passive sampler.
ND; not detected
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Fig. 5 The emission rates of ethylbenzene from five areas

of furniture by flux passive sampler.
ND; not detected
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Fig. 7 The emission rates of TVOC from five areas of
furniture by flux passive sampler.
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