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Emission Behavior of VOCs in a Model Room
with Sugi-wood Interior Paneling *!

Hiroaki YosHIDA *2, A1 KIMURA *2, Tomoyasu HATORI *2,
Makoto YAMADA *3, Kinji TAKI *2 and Masaharu YAMADA *2

A model test room was built with finish flooring of solid oak and wall paneling of sugi wood. Concentration of
carbonyl compounds and volatile organic compounds (VOCs) in the indoor air of the test room were measured over
one year. The following results were obtained :

(1) The main compounds emitted were formaldehyde and acetaldehyde. The emission of formaldehyde was
greatly dependent on room temperature and did not easily attenuated although the emission was low throughout the
test period. On the other hand, the emission of acetaldehyde was high at the beginning, but decreased rapidly in the
first two weeks and did not depend on temperature.

(2) The main VOC constituents were terpenoids, especially g-pinene. The terpenoids were rapidly attenuated and
diminished within three to four months.

Keywords :  Indoor air quality, VOCs, sugi, model room, dwelling interior.
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Fig.1.  Floor plan of test room.

Table 1. Interior finish of test room.
Finish materials Remarks

Ceiling Gypsum board
Floor Underlayment : Scotch pine plywood EPI” adhesive used.

Finish : Oak flooring
‘Wall Underlayment : Gypsum board

Finish : Japanese sugi solid panel
Window Aluminum Sash. Silicone type sealant used.

* EPI : Emulsion polymer isocyanate
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Table 2. Air sampling conditions.

Compound Carbonyl compound vOC
Sampling tube DNPH-Silica cartridge, short TENAX TA
Sampling rate 0.4 L/min 0.1 L/min
Sampling Volume 10L 32L
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Table 3. Analyzing conditions of HPLC.

Column ZORBAX-RP (4.6 x 150 mm)

Mobile phase Acetonitrile/distilled water=4:6(0~5 min)/
6:4(5~25min)/6: 4 (5~25 min), gradient

Detector UV 360 NM

Flow rate 1.2 mL/min

Oven temperature |40C

Analyzing time |40 min
Injection rate 20uL
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Table4. Conditions of thermal desorption-GC/MS analysis.

Measuring Institute : Ibaragi Environment Technical Center
Thermal desorption system

Apparatus ATD-400
Desorption temp. (time) 300°C (15 min)
Secondary Desorption temp. (time) 27C—300C (15 min)
Thermal desorption-GC/MS system
Apparatus HP-6809 + HP-5973B
Column HP-VOC 0.32¢ X60mf. t1.8 um
Oven temprature Initial temp. 35°C
Initial time 2 min
Heating rate Final temp. Final time
15.0C/min 95C 0 min
2.5 100 0
5.0 250 1
Measuring mode SCAN method
Measuring Institute : Japan Plywood Inspection Corporation
Thermal desorption system
Apparatus TD-1
Desorption temp. (time) 290C (10 min)
Secondary Desorption temp. (time) —-20C—290C (10 min)
Thermal desorption-GC/MS system
Apparatus Shimadzu GC/MS QP-5050A
Column Shimadzu DB-1 0.32¢ X 60 m
Oven temprature Initial temp. 40T
Initial time 2 min
Heating rate Final temp. Final time
10.0°C /min 135C 0 min
20.0 220 0
40.0 250 10
Measuring mode SCAN method
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Table 5. Indoor air concentration of carbonyl compounds in the model room with interior wooden material finish after each
application. (ug/m')
After application of each materials
Compounds Window sash Plywood underlayment Wood flooring Wall panel
Formaldehyde 29 34 24 44
Acetaldehyde 18 36 21 81
Acetone 42 150 44 104
Acrolein 0 0 0 0
Propionaldehyde 0 14 7
Crotonaldehyde 388 96 95 123
Methylethylketone 2073 539 521 719
Methaacrolein 0 0 0 0
n-Butylaldehyde 0 11 0 7
Benzaldehyde 0 23 0 5
Valeraldehyde 0 39 0 15
m-Tolualdehyde 10 43 0
Hexaldehyde 0 148 28 43
BOBMIE, RN—2ZHHShTwzar 2z -
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Fig.2.  Indoor air concentration of carbonyl compounds

just after each finishing step.
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Table 6. Indoor air concentration of VOCs in the model room with interior wooden material finish after each application.

(ug/m®)
After application of each material
VOCs Family Windowsash | _ nggg;gfent Wood flooring | Wall panel
0 I 0 I 0 1 0 1

Hexane 11 27 31 21 2 14 37 39
2, 4-Dimethylpentane 0 0 0 1 2 0 5
iso-Octane 0 0 1 1 0 0 0

Heptane 1 2 3 12 0 9 3 22
Octane 12 21 8 9 3 13 20 40
Nonane L 0 1 1 0 0 0 2 1
Decane ﬁlylg?gcgcrbons 59| 8| 35 1| 13| 46| 19| 1%
Undecane 0 0 1 0 1 0 2 1
Dodecane 59 77 28 0 3 37 192 175
tridecane 0 0 0 0 0 0 2 1
tetradecane 6 8 3 0 0 3 38 27
Pentadecane 0 0 43 0 0 0 0 0
Hexadecane 1 0 0 0 0 0 5 5
Benzene 4 0 7 0 2 0 7 1
Toluene 2 4 5 2 1 1 6 4
Ethylbenzene 1 1 2 1 0 1 3 2
m, p-Xylene 1 1 1 1 0 0 2 2
o-Xylene 1 0 1 1 0 0 1 2
Styrene . 0 1 1 0 0 0 2 1
S-ethyltoluene T eecbons 0 0 1 0 of o il 1
4-ethyltoluene 0 0 0 0 0 0 1 1
1, 3, 5-Trimethylbenzene 0 0 0 0 0 0 1 1
2-ethyltoluene 0 0 0 0 0 0 1 0
1, 2, 4-Trimethylbenzene 0 0 1 0 0 0 1 1
1, 2, 3-Trimethylbenzene 0 0 0 0 0 0 1 1
1, 2, 4, 5-Tetramethylbenzene 0 0 0 0 0 0 0 0
a -Pinene 2 20 16 | 1311 7 588 11 | 1315
S -Pinene terpenes 0 0 1 105 1 46 2 148
Limonene 2 6 13 11 2 15 2 17
Dichloromethane 32 0 87 0 30 0 44 0
Chloroform 13 12 4 1 1 4 20 4
1, 1, 1-Trichloroethane 0 0 0 0 0 0 0 0
1, 2-Dichloroethane 0 0 0 0 0 0 0 0
CarbonTetrachloride Halogenoids 1 1 1 1 0 1 1 1
Trichloroethene 0 0 3 1 0 1 1 1
1, 2-Dichloropropane 0 0 0 0 0 0 0
Tetrachloroethane 0 0 1 0 0 0 1 0
p-Dichlorobenzene 0 1 1 0 0 1 1 2
Ethylacetate 282 3 316 7 25 182 182 71

Esters

Butylacetate 1 2 1 0 0 1 3 2
Nonanal 5 9 3 11 15 19 18 24
Ethanol 0 0 1 0 0 0 0 0
2-propanol Alcohols 4 14 10 8 0 0 1 0
1-propanol 0 1 0 0 0 1 0 2
1-Butanol 1 4 2 2 0 1 1 6
TVOC 1823 2552 3069 5889

Note : O and I shows a measurement of open air and inddor air, respectively.
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Fig. 3. Indoor air concenration of VOCs just after each

finishing step.
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Fig. 4. Attenuation of indoor air concentration of carbonyl
compounds over about one year.
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Fig. 5. Attenuation of indoor air concentration of VOCs
over one year.
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