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Measurement of volatile organic compounds emissions from laminas for
the glue-laminated timber and domestic solid wood stored long term

TOHMURA Shin-ichiro” * , MIYAMOTO Kohta", INOUE Akio" and CHIBA Yasuto”

Abstract

Volatile organic compounds (VOCs) emission from six species of laminas for glue-laminated
timber and eleven species of domestic solid woods stored for two years in the 20 °C conditioned room
were measured by the small chamber method (JIS A 1901) under the condition of 28 °C, 50 % relative
humidity and 0.5 times/h ventilation. Loading factors of lamina and solid wood were 2.16 and 2.52
m’/m’, respectively. Emission factors of formaldehyde from lamina and solid wood were determined
2-30 4g/m’h on the 1st day after sample setting, and then decreased gradually to 5xg/m’h or less in one
week. Acetaldehydes from imported laminas showed the high emission value (50-80 zg/m’h) after 1 day.
After 30 days, however, the emission factors of acetaldehyde decreased to 3 xg/m’h which is close to
the quantification limit values. The total VOC (TVOC) value of Akamatsu (Pinus densiflora) and Hiba
(Thujopsis dolabrate) showed over 4000 xg/m’h after 1 day, then dramatically decreased to 1200 zg/m’h
or less in one week. In the other wood species, TVOCs showed below 200 xg/m>h after 1 day except
Sugi (Criptmeria japonica) and Hinoki (Chamaecyparis obtuse) which showed 1500 xg/m*h and 600 ug/
m’h, respectively. Planing affected emission factors of both formaldehyde and TVOC except some wood
species. All kind of VOC:s listed in the Japanese indoor air quality guideline were determined quite lower
level than their corresponded quantification limits in all solid wood samples used in the study. Terpenes
were recognized dominant and characteristic VOCs in any wood species. Acetic acid was also detected
as predominant VOC in hardwood species. The both variety and quantities of the VOCs were strongly
dependent on the wood species.

Key words : solid wood, volatile organic compounds (VOCs), planer processing, formaldehyde,
acetaldehyde, small chamber method
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MFEENELRERPEEMEE R, NEEMD S
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I E @R EE DN i T E . RIVLT VT e R
FET B EEMEHCH U THERBEHRB TN 2 K51
ot (EEAGEE 2003), AR X—FT 1 ZIVA—F
R ERBREME RIS EED, KIVLTIVTER
ZEAICZLON L FTEETVEDOETHAMLA
WICE > THERTTFENTWS, iz ERRDOAM D
S5HERIVALTIVTE RT3 35N TV3
' (Maruzky1977. # | 1995, Myer1997, | « B4
1998, Shafer2000). ##ffi (Wb B LT M) IZDNT
& EED D T DR T EAERBRINICHE» S 5N (H
AEMBIS 2 2002) . EEEEUED EORIHI S0 5 BR
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EBIE 13 DIEYE (E4E5782 2002) IOV T,
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2 2—2002, fEH2004) TEhS, AMHEDT &
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DVETIE 2000 FEICSFOEEEN T EHIEME LT
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MEEDSREENS VOCIZDWT/NEF ¥ > N—ik
IC X BHERTT> T2 Z LT VOC HRIC NI F 9 i,
R, SRR Y OFEIC DOV THRET LTz,

e8]
B

AT THES L e AR RHE WM & E N THRERD S
WIET A E N FORZ B0 S22 % T HARE NI fE
LTWVWABARMEMTH M. KD AFHLB KT AFE
HoBENDS, ERMHZ I FEM 6 (FIV—TA)
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Table 1. HEEAARMERI O
Spices of wood samples used in the study
Moisture
o Sample  Density ~ Content
Group Japanese name Wood name Scientific name Origin (g/em’) (%)
A AF Sugi Cryptomeria japonica  Japan 0.35 10.0
EERMZ ) o<y Karamatsu Larix kaempferi Japan 0.50 8.6
NAY Douglas-fir Pseudotsuga menziesii  N.America 0.42 8.1
X71)J3715Y  Larch Larix gmelinii Russia 0.57 9.0
Z 2w 7 7<Y European Pine Pinus sylvestris Europe 0.46 10.5
AT IW—R Spruce Picea abies Europe 0.48 11.5
B AF Sugi Cryptomeria japonica Japan 0.37 15.9
(EEHEM) v /F Hinoki Chamaecyparis obtusa Japan 0.48 13.3
7Y Akamatsu Pinus densiflora Japan 0.71 11.1
Vahr A= eV Karamatsu Larix kaempferi Japan 0.70 12.3
VY Ezomatsu Picea jezonensis Japan 0.44 13.3
F Ry Todomatsu Abies sachalinensis Japan 0.46 14.1
[SPA Hiba Thujopsis dolabrata Japan 0.48 11.5
+Z Nara Quercus crispula Japan 0.70 11.9
7F Buna Fagus crenata Japan 0.62 11.1
TV Keyaki Betula maximowicziana Japan 0.83 11.8
alA Kaba Zelkova serrata Japan 0.74 11.3
FN—7 B Ok, EEAMEAGEESMSREM  2.52m*/m’ (FV—TB) L LTHBEL, 1 HF#HE,
%252 T [E FEM O UM R (i SOmmE%é 150mm 3 H#%, 7THRBICZNEFNTF v //\—V\]I’i@*}/7 )]

Fé4wm\7b—%—ﬁiﬁ BEC IR TF
WA T, BIREEERM E LTAF v/ F
ﬁ?V\IVVV\FFVV\tA®7@\VﬁﬁM
ELTHI, TH TYE, ﬁﬂ®4@%11@@%%
We, MEmOHZHH OB H 5120, S
WTESIZ2DDT)I—TICnT 5NTz, nitﬂ)\ﬂ':fé‘f‘?
2HEM20COHERZENTRYZF L VESHICHE LD
DOEMHEL, ZOFEMHALEEDZIIV—TB-1k
Ufeo iz, iRloZkm & iz 0.5 mm 7' L—7F—
ML, Bl BYinzBZl S rzEgIcEH Lz D
7 )W—TB-2 & Ui, NEF v 2 /3—ilBRIC I3 FA R
F3(@TomzBZmE NI EARODOY—)ILIZL TRV,
K BRI RS LXK 504 em?®) & FHV 2,
B EE DRI & D
JIS A1901 D/NEF ¥ /N—1EIZHEwn, 20L ZAAT
LABF v U N—DFEREZ 28 'C. HITZE 50 %.
PRI 1 RS 720 0.5 |l & Uiz, Z28F v 2 )N—T 1
HR@BLIERICT S0y T YT R2TO. 2D
gtk R Aam R 216 m /m’ (FIV—TA) BXU
Table 2 &k T~ 75 70
Analysis condition of HPLC

VORI ot BEMAT I FREBXUTTL—F—
THORE (B-2) IOV TE, 7 HEORIEDK, sk
Z—HF X VN—=HHO LU ERHERDH 22N (1
20°C) ICiRlOMERNEM LU ITVK S ICRE L, &)
WCFREE T v N—ICRE L TH D 29 A%, 89 HZIC
MEEF Y UN—NIELTZERZEN, 30 A%, 90 H
%@05%@5=%®a)®ﬁyfuyﬁ%ﬁoko
TIVT REOREICIE2, 4-Y=ra Tz )btk
R (DNPH) Ca—7 « /7”6*17”:‘ AT IVI—
VU w2 LpDNPH S10L. F8lfis DNPH1mg (SUPELCO
) EHWV, Fy UN—NOES % SLERIRLZ, itk
BIOK D >l — bV w DIHESE Smb Z3HE L.
COEMET2 MUV 4ml 2 ANTHRE R
WKEODE RISV U EANT S, AHIEE SmlABED A X
ToAATRF, 7 MU EIMAEEZ Sml &
Lo TOWKTOT VT REODHITIE & i A
rax 757 0— (HPLCO) ZEHWz, HHisEoDR
#i 7z Table 2 IC/R9 s ARMEHD DNPH 71—~V w DI
DNWT LR EFFRICT 2 v = MV IVTEM L TIARE

Apparatus Shimadzu LC-10Avp System

Column STR-ODSII (150mm X 4.6mm ¢ ) X 2 (Shinwa Chemical Industries,Ltd.)
Mobile phase Acetonitrile/Distilled water Gradient: 40:60 (0-5min), 100:0(5-30min)
Flow rate 1.0ml/min

Injection volume ~ 20xL

Oven temperature  40°C

Detector UV 360nm
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HPLC THHrL. IV T SV IR RD Iz, EH
HOHEEE LT, B3O T7 VT e REZET,
California Air Resources Board(CARB)1004 DNPH Mix2
(SUPELCO) Z Wz, TOREMERKZT =MV )L
T 50, 100, 250 fHICH R L TzARIC K > TE AR E E—
e DR ZFHRUMERE Ui, MHTENK
Y— 7 OIRFFIRFHO—B L MEIRIC K D BT DOERZ
1To 7z

VOC D fi #£12 & TENAX-TA (SUPELCO) 7# >,
F v UN—ND255 7% 3.2 LRI U Tzo b i A&
4518 Turbo Matrix ATD (PerkinElmer) & /A7 1< k
757 4—/BEAXZ F)U (GC/MS) IcX bl
720 RS DFEM 7 Table 3 10”9, FEUERASKICIE 52
Ko DILEYNE £ N2 BNKRE DN FAEMEASK (SU-
PELCO) Z Wz, EEIEME S NI ZlEd S E D
ERAERHRE Y — iz RD, TOY—F7mEOL
MmH. HEMUBIER L IcERZ BN TiTbNiz, %
DD K5 DFRIEE GC/MS I gD o 47251 %2 H
Wy 2TV T RERICK DT> T2,

% VOC ORI Cpg/m’) 5 X U HEGEE EF :
Emission Factor (ug/m’h) Xz k v F Uiz,

C(ug/m’) = (As(pg) - A ug)) / V(')

EF(ug/m’h)=C x Q(m’/h) / S(m?)

C . ibtkZE & D VOC #2/% (pg/m’)

As I MERE D RO TR DO VOC EH=E (ug)

A REREORDIZ NIV T S 7D VOC DE
= (ug)

VAR A= ZTRBE U Fzak il 28 K ORI (m’)

EF : RO EGEE (pg/m’h)

Q: ffi%i&E (m’/h)

S : A LA (m?)
£72TVOC k., r—x)l1rx>rux 73 L (TIC)
LOANFTIDEn-A"FHTHUETOE—THIED
FalZz ML v OREf 2 O TR U 7 o & o |
LT

(R Py
RIVLT VT & ROMEEE)

M 2T 6 FICDODWTHRIVLT VT & ROREL
WEZ Fig. 2 12”3 T . 1 HETIEANA Y OMEEDH
30pug/m*h & KED S M, 3 HBIIKE L, 30 H
%Il S pg/m*h b Lz, HEDRAF, hIFVIC
FENTHEEM I ENEFIHOED R E W EANICH -
fehd, IRTOBMET 1 MABICIE Spg/m h AR &%
D, 3NA%TEIZIEE CREBCEEDNE S Nz,

Sugi
Karamatsu
Douglas-fir
H lday

Larch M 3days

[ 7days

European pine [0 30days

Spruce [J90days

0 10 20 30 40

Formaldehyde emission factor ( 1 g/mzh)

Fig.2 MM T I TS5 DFRIVLT VT & FiHEEEH)
Formaldehyde emission factor of lamina for glued-
laminated timber

RICTL—F =L UTHEM 11 fE (A2 7)V—7)
DFRNVLTIVTE RO 1 HENS 7 HR X TORBOHEE
% Fig. 31T T, AEBRICHWIEOPhTIEe /F0
FRIVLT VT RRREEL o Teh, TN THIREERE
R Tug/m*h TH O, 7 HZRICIE S pg/m’ h i
LUTeo ZNLIS O RS IS 4 RO TE 5 pg /m* h DUF
TH o Teo FHTIRIERM O 4 FEIZ SR & © & s
NS>z, 7V T b RERI%EHO DNPH 1— R VU v
JIKEEEEEENDTIVTE REOMEE TNV T D
vrel, FA—ay NNDO SO NIV T 5T DR

Table 3 MEABEREL XCH A 70~ b 7T 7 —E&ANEIDOHET:
Analysis condition of thermal desorption system and GC/MS system

Thermal desorption system

Apparatus

Perkin Elmer TurboMatrix ATD

Desorption temp.(time)

270°C (10min.)

Cold trap desorption temp. (time) -20°C — 300°C (42min)

Cold trap heating rate 40°C /sec
Cold trap sorbent Tenax TA
GC/MS system
Apparatus SHIMADZU GC-2010 + GCMS-QP2010
Column J&W DB-624 0.32 ¢ X 60m filmt. 1.8um
Oven temp. 40°C (4min) ~ (7°C /min) ~ 100°C~ (10°C /min) ~ 240°C (10min)

Measuring mode

SCAN method
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Formaldehyde emission factor of domestic solid
wood after surface planer treatment

HfFAZ 10f59 5 LickKDEBENTRIVLT VT
t RFojE =R IR, ARG T OMEGHEHFE T
2ug/Mh THO, 7THRBIKIGEL /FLVYERN
TEEA LD/ TER FEMLLT & &> T,

7 NTIVTE FOBEEE)

HEERMHAZ M ATNLV—) PEMT STt
r 7V RDOMECERE % Figd IRT, b7 8T
VT RDOBEDRKREN S TDEIRATVEA T 2y
7HYw T, | %ORECEREE £ 55 B4 80 ug/m*h
THHD RNTATIW—ZA XTIV ATIVDIETH >
oo —H. HEDAFBRIUAHTIIVT IFH 5O
WW1HBTE Sug/m*h I REED >, EDORIFEDY
BET7ENT7IVT e ROMBUEE X 7 HE X Tlc2uiic
WEEL. 30 HRICI3IE L AL OBEET S ug/m*h DL F
R0, 90 HIZICIT R TORM TER FIRIED 2.7 pg/
m’h LU ROf# & 75> Tzo SV EPERFED S 723 91 7

Sugi
Karamatsu
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W lday
Larch B 3days
European pine W 7days
[030days
Spruce [J90days
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Acetaldehyde emission factor of lamina for glued-
laminated timber
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Y R 7IVT e ROMENE > BRI DOV TR, 50D
L TARIETIR, TR EDBMEIC K> T X/ —
IWRT 2 FTIVT e ROBEMHART 2 EMME TN
THY (A. G. McDonald 5 2002). {1 5 h DO EEE %A £%
TEREINZT 2 N7 IVT & RBMWNICTE S Nzl fE
HEEZBND, XTNEEMOLE. BRI O#EIXIC
KB EAZEM TOHR OB EOTRELREEZ 5N %,
i, TL—F—IT%ZULIEEEMZEMTHS B-2
TNW—=TWDONT, 727NV TE RO 1 HENS TH
% E TCOMBCEE 7 Fig. 5 1CRT, (NOBETE 1 H
BOMBCEEMN 2 ug/m* h 2 RE D 7 HEICIZITART
OBFET 1 pug/m*h % FlEl> %, KIVLTIVTE RE
FRICRDIZTE ST IVT & ROEE FRIEIZH 3 ug/
mh THoT &h D, KWFZETH L 7 EEAME
MhED7 2 7V T e ROEEIE ENE &R FRM
TFOELNINCHBMT Ehbrolz,

Sugi ‘ ‘
Hinoki
Akamatsu

Karamatsu

Ezomatsu B 1day

O3days
O 7days
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Kaba #
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Fig.5 EEMZEM (TL—F—hL) »EMEhs 7t
F7VTRER
Acetaldehyde emission factor of domestic solid
wood after surface planer treatment

ZO/MDT VT e REOREES

HRIVLT7IVTFe ReET7v M7 V7 KLYV T DNPH
A—F VU DIHREENET VT R« 7 b HEDOE
HE (I FBRUTL—F—TEMB-2D7H%
DfH) 7% Tabled, 5ICFNFNRT, =Lz 13Dk
o5 5. TFILTIVTFE Riom- MUVT7ILTFE R (B -
AFNWRVATIVTER), Jaby7)Vre R Q-7
TFH—=I) VT NOREL S EMH S NEN T2, F
oo A0 au T ARV EATIN—ATFIFTCTaLt
YTIVTE R, NLILVTIVTE R (R AF—)L) N
FYF—Ib. T VOMEDNED NI Tt
OB TS TNEhotz, EEMTET AT YLE
RNUXT7IVTFe REeET7R MU mtEnie, Ly
L. XYZAT7 VT RIZDOWTIERSEER Liz—k
VI T IDERPRES Ezmy FAFEE KT
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Table 4 MM T IFNEDT7 VTR « 7 b VHIEL (5 27 3—1% 30 HER DL

ST (ug/m’h))

Aldehydes and Ketones emission from lamina (Emission factor (zg/m’h) at 30

days after test started)

Euro-
Kara-  Doug- pean
Group Compound Sugi  matsu las-fir Larch  Pine  Spruce
Aldehydes Propionaldehyde 5 10 1 4 4 4
Butyraldehyde - - - - - -
Valeraldehyde - - - - 15 -
Hexanal 1 2 - - 58 27
Benzaldehyde - - - - - -
m-Tolualdehyde - - - - - -
Acrolein - - - - - -
Methacrolein - - - - - -
Crotonaldehyde - - - - -

Ketones Acetone <1 2 2 1 18 3
Methylethylketone - - 5 5 10 5

a

: - =not detected in any of the samples

Table 5 AMEMMEDTILTE R < or b VHIRE (5 23—k T BEDKHGEE (ug/m’h)

Aldehydes and Ketones emission from solid wood (Emission factor (ﬂg/mzh) at 7 days after test started)

Aka- Kara- Ezo- Todo-
Group Compound Sugi Hinoki matsu matsu matsu matsu Hiba  Nara Buna Keyaki Kaba
Aldehydes Propionaldehyde 1 5 3 8 8 - - - - - R
Butyraldehyde - - - - - - - - - - -
Valeraldehyde - - - <1 - - <1 <1 1 <1 1
Hexanal - - - - - - - - - - -
Benzaldehyde 3 35 36 - <1 - 2 1 4 - -
m-Tolualdehyde - - - - - - - - - - -
Acrolein - - - - - - - - - - -
Methacrolein - - - - <1 - - - - - -
Crotonaldehyde - - - - - - - - - - -
Ketones Acetone <1 21 2 3 1 - - - - -
Methylethylketone 1 1 1 2 2 2 <1 - - <1 <1
. - =not detected in any of the samples
o felzth, & FRED HEGHE R T 153 pg/m* h w
LD, EREOEEEICHENS 5T, ATy AT o
NIYRATN—ADT LT REREDRICZh - 72 e
FRICOWTIE, 7€ b7V ROBA Loy
LEZLNBN, HOLTARETHE, choo7l
FEREE 7L 7T RAMT A% E T3 R Fromas
WL, 30 Higlc e gk FREEome s
5T L BIRE N, -
TVOC DREES) Nara W lday
TL—F—LkD#HEM B-2) 750 TVOC D 7 H o @ 3days
% E TOMBCEEE Fig. 6 1SRk, b IRECEE N K o C 7days
o DORT Y L EINT 1 HEOMEIE 4500 ug / b —
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

mhTHotz, LAL, THRICEWEEE 1 HED
D 3570 1 (1500 ug/m*h) LARIC K- Teo IREER
Afib o<y, VY, FPRIVODO 3T HED
5 TVOC 13300 ug /M h LA RTH O, 7 HLE TERE
WU, TVOCICE L TIRWINE 1 HEEDOEA %L

TVOC emission factor (4 g/mzh)

Fig.6 7L —F — N L&D FEM TVOC [ HGEE DRERFZ
b (R VT o fE)
Time course of TVOC emission from solid wood after
planer processing (Toluene converting culculation)
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HI ZEAICH D FHCERE DI K IF 3 FOEIFR O
WENKVLTIVTEREDERENVEEZENS, &
NZe 5 DB HAEE D 400 pg / m* E/NEF v 2 IN—D
il TR AR DGR 2 E DV RS % To D EHE LR
T 5 LIEWEEEMN, ARIRERIC K B TVOC DA 258
ZHBHRRO . HLWERRIZTEHE S TEHRGRME 2
RE UL OREBREEMEIZ 0.5 D). — 3 FL S TR
HEDNZMITE TS 2L 0WA %,

VOC D& & EEE)

JRLE A TVOC O E HAEM 2 3RE 9 5 BUCHE
Kl BNEXIERLEVOC (EEBREEELER
2000) ICEFENEDODS B, SHOHE TR SN
MBI DOVWTEBRMAT I T BXUOAMEM B-20
7 AR DMEGEEE % Table 6, 7ICZNFIURT, TXT
OfFE TR T Nah o LA DOV TIEEE L iz,
BRESHEHELHE N TS Ry, FULr, A

Table 6 H£BMHZ 2 FH 50D VOC I (F-+ > /N—ik 7 HEORBHECHEE (4g/m’h))

VOC emissions from solid wood and lamina (Emission factor (ﬂg/mzh) at 7days after test

started)
Euro-
Kara- Doug- pean

Group Compound Sugi matsu las-fir Larch Pine Spruce
Aromatic Benzene <1 <1 <1 <1 <1 <1
carbohyderates Toluene 1 <1 <1 <1 2 <1

Ethylbenzene - - - - <1 <1

Xylene - - - - <1 <1

Stylene <1 - - - <1 <1
Terpenes o -Pinene <1 11 9 5 38 30

B -Pinene - <1 1 1 2

Limonene <1 1 <1 <1 4 24
Aldehydes/ Acetone <1 <1 1 <1 13 10
Ketones Methylethylketone <1 - <1 <1 <1 <1

Nonanal <1 - - - 3 -
Alcohols Ethanol <1 <1 <1 <1 <1 <1

2-Propanol <1 - - - <1 <1

1-Propanol - - - - <1 <1

1-Butanol <1 - <l <1 3 <1
TVOC® 117 20 63 72 346 183

a

: - =not detected in any of the samples

°: TVOC=sum of compounds quantified as Toluene based on thir total-ion-current areas from Hexan

to n-Hexadecane.

Table 7 AMFEMH B D VOC HE (- > 73—k T HEDHEGHE (4g/m’h))

VOC emissions from solid wood and lamina (Emission factor (ﬂg/mzh) at 7days after test started)

Aka- Kara- Ezo- Todo-
Group Compound Sugi Hinoki matsu matsu matsu matsu Hiba Nara Buna Keyaki Kaba
Aromatic Benzene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
carbohyderates Toluene <1 2 2 <1 <1 <1 <1 <1 <1 <1 <1
Ethylbenzene <1 <1 <1 <1 - <1 <1 <1 <1 <1 <1
Xylene <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Stylene <1 <1 <1 <1 <1 <1 - <1 <1 <1 <1
Terpenes a -Pinene <1 47 - 2 <1 - <1 <1 <1 - <1
B -Pinene - <1 39 <1 - <1 - - - - -
Limonene <1 2 75 <1 - - <1 <1 <1 - <1
Aldehydes/ Acetone <1 <1 6 <1 <1 <1 <1 <1 2 <1 <1
Ketones Methylethylketone <1 <1 <1 <1 <1 - <l <1 <1 <1 <1
Nonanal - - - - - <1 <1 - - - <1
Alcohols Ethanol - - - - - - - 1 - - -
2-Propanol <1 <1 <1 <1 <1 <1 <1 <1 - <1 <1
1-Propanol - - - - - - - - - - -
1-Butanol <1 <1 <1 <1 <1 <1 <1 <1 2 - <1
TVOC® 437 149 40 1323 31 24 1286 140 107 42 8

a

: - =not detected in any of the samples

°: TVOC=sum of compounds quantified as Toluene based on thir total-ion-current areas from Hexane to n-Hexadecane.
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FLUICDVWTIREFEALOBETI S DTHEIM
ez, L L, AMICEENZRELATTH D &I
# 212 < < (M. Risholm1998. K 2000). fif5Hh D5
N CRUEHCE Lizh, B2 WIEIERICEGR LTzl HE
MEAREV, IREBE RO TT VAR HIE RS Z R E
nrlkdMmcdHn, a -¥x>, p-ExV, UER
VIRARY AT AT ARV A=, &/
FTATY, ATV IR EOHERM TR E Mo T,
TN E &8T5 (FE - KiEdit > 22—
(2002)), 7E LDV TIE EDRTEN S BT EN
e, JRRIERBHTH O MiIC K DHEGEND S D
¥, B3 T—XOE/HILETH %,

RiT, EmTEEholbtEMbEFHTHA 7O~
T L LR — VIS D2 EEMOEGNZ N
EDICDODWVWTY ARy S LIE D% Table 8 12779,
R C L IR D & LBz L TV a2 &b
%o FHCHEE TH > - DIZILEERD S OREB O TH
%, TOMEIRHMNETIZRVWEDIAE R I3V ARy
A, NSO/ TIEE—7HBE2ED 60 ~ 90 % o
CETEEBIED TV, £, ATV, TV
V. PRV, R4V BTV A ATV EDEE
BE . FEREOBMDZ WVEMICH S, FHChTI v EeX
AV TIES0% ML EEaote, IRERMOLE, —ik
NI —2D7 v FIVEDEERMOZNL D Z
WZ N OEEBNEHE LTV ENEMEN TV
(Risholm-Sundman 5 1998), £7%5 7 X84 VICD
WC, BT E OIMEVILIRIC X - T & FERE L TR K
TR EMNMETNTVS (A. G. McDonald 5 2002),
SRR LRI NETZRELIEMTHBZ T &h
5. HEBEIMWNICER LT EZ NN, —J7
TAF, THIY., ENDXHIIF & A EFBI BT X
NEWEEEH L., BICK2E0DH500E LNk
W,

Zofth, ik Uiz X S ICEHE#M o /&, 7 A<V,
NIV, XA, BTV HhIY, AT auT
HIV ATIN—ATa -E2V. B -Ex.3-HL >,
JERY EVS ERENZE ) T IV YOI Z >
720

ERNTREBHENICY I TP ES £ L.
TVOC DiF b AL DTz, FILAFTIES -V x
UHRELZL, DVWTHI ARV, o -LoynlLyize
DY ZAF T IR E Nz, =Y~y b
RV Tl RLYRa -HY /=)o TR
VOB EN > Tee B BREZBETAF LI IL—
TALBODAFMEEENTYMIZONT, &< [H
C LW A WA VOC OFEME & F ORI, Z
NENXSHELLTHD . EMANC B2 R %
T EMTE S, Risholm-Sundman 5 (1998) &, ~\v K
AR—A{E L FLEC i (MPREREICHEEIKRD 7 272 5
B CHELZ RIS 5 /5. WONEIRE prEN13419-2 (Nov

2002)) I KBMMEETT>TWBH, TDH B FLEC i
KXo TEESNZR CHFED X T )V— A8 1 > F
FRANMED VOC O L &Ik, SHDO/NEF ¥ >~
N—DOfERE K HBL T3,
AMEBED S L—F—INITDHE
AM7ZASETUIW LIz T L—F—TEREYIHI L7z
THILICKHFLVHEZHZ LT IERICE., R
RAONELMEND T LR BHICTFEEING, £CT
SEl YR 2 RSB Lzt e 2 h e T L—F—
T U7zl OENS DWW TEPEM 11 B F VT
BEAEL, M VOCIZBXIFT S L—F—INTO¥
BNz, RIVLTIVTE R, 77V TE REBX
U TVOC D F v > 8=k 1 HZ D BECHEE D%z 1
ZM. Fig. 7. Fig. 8 BX U Fig. 9 I</RT,
FRIVLT7 VT e RogE (Fig7). AF, B/ F, b
NEXUCEESO 4 IOV TiE, L—F =izl
ToE D DGR E R Z < RRICAIER Tl BEE T

Sugi E‘ ‘

Akamatsu _
Ezomatsu —

o —
—

= M Without Planer
Buna ——

O Planer

Kaba Z :

0 2 4 6 8

Formaldehyde emission factor (yg/mzh)

Fig.7 F)IVLT VT RIRICE KIET T L—F — e
D UNEF v 23— 1 Hi%)
Effect of surface planer cut on the emission of
formaldehyde (1st day after placed in the chamber)

Sugi
Akamatsu
Ezomatsu
Hiba

B Without Planer
Buna

[ Planer
Kaba
0.0 2.0 4.0 6.0 8.0

Acetaldehyde emission factor ( ( g/mzh)

Fig.8 7 F 7V T FIEICHBXIET T L—F—hnL
D UNEF v 23— 1 Hi%)
Effect of planing on the emission of acetaldehyde (1st
day after placed in the chamber)
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S%ingﬂﬂﬂ-_-
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Ezomatsu
Hiba
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Buna
O Planer
Kaba
0 1000 2000 3000 4000 5000

TVOC emission factor (,ug/mzh)

Fig.9 &#H 5 D TVOC IS K& 9 K1l 7 L —F—hi
T %
The effect of planing on TVOC emission from solid
wood (emission factor of 1st day)

Hotz, LML, 7hHRY, AoV, VYRV, bR
TS T L —F— T % Ule 5 DY ECE i 13N &
{IxoTz,

X7 b7V T e FOBA (Fig. 8). eNERLAE
BT L—F—InL%E LIz ih Ui wg & 0 o &
D3 DI LU TRINE L o7z, TORERED,. T L—
F—MTICE>TT7E M7 VT ROMEBD AT S C
CEHENTHED., TOMBPIZOVWTIRSDET AR
HTH %,
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IND 4T L—F— T % LTz J7 DS IEOEEE 13/ &
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