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Research on the Indoor Air Quality in New Houses in Hokkaido
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It was researched on the indoor air quality in new houses in Hokkaido. At that time, it was measured
their airtightness and ventilation volume. Their results were as follows:

1) The results of the measurements of the VOC (volatile organic compounds) in some houses showed
that the concentrations of formaldehyde, acetaldehyde, toluene and tetradecane exceeded the
guideline values of the Ministry of Health, Labour and Welfare of Japan (MHLW). The concentrations
of other VOCs that had the guideline values were low. Acetaldehyde was distributed uniformly
from low to high concentrations.

2) Airtightness performance of measured houses met the standard of the equivalent opening area of
2.0cm?/m? for areas | and Il in the energy-saving standard.

3) There were some houses that had insufficient ventilation rates under usual operation.

4) The volumes of the VOCs like toluene, xylene and ethylbenzene that deffused from building
materials for which MHLW has shown the guidelines were few. There were many houses that
had high volumes of methylethylketone, ethylacetate and butylacetate.

5) The concentrations of the VOCs used as solvents became sufficiently low when after ventilation
for one month.

Key words:  indoor air quality, VOC, airtightness, ventilation
VOC

15
1 vVOC

vOC

21 2



Research on the Indoor Air Quality in New Houses in Hokkaido

2 11l
2.0cm?/m?
3
4 VvVOC
5 voCc 1
1 2.
VvVOC 14 2.1
1 78 192
15 7 7
74%
23% 1%
2%
2 100 175m? 83%
145.7m?
2.2
2.2.1
30
12
1 6 2.2.2
1.2m
3
VOC
15 30
VOC
15 16
2.2.3
VOC
DNPH VOC

J. Hokkaido For. Prod. Res. Inst. Vol.21, No.2, 2007
10



100~y S
80 _ T o
8= - DNPH
§ 60— | - DNPH
[s}
£ a0 - VOC
@ —
|| L ] ] 52
201 N 2.3
o | — — | —
Air Floor Ceiling wall (outside) wall (inside) JS A 2201
010 15 Q15 20 @»20 25 @25 30 m30 3
1
2.4
. ) ) . 15
Fig. 1. Frequencies of the indoor air temperature and
the surface temperature of the rooms of measured
houses ( ).
wall (outside): wall bordered outside door
wall (inside): partition wall g méh
4
TenaxTA/Carboxen1000 n /h
2.6m
GL 30 S m?
2
30L 1L/min VOC 3L __ 9
n= ~ 1
100mL/min ~ 0.3L 10mL/min 26" S
224 1
3
HPLC VOC

Chrompack GC/IMS
4,5

Fig. 4. The method used for the
Fig. 2. Air sampling condition. Fig. 3. Airtightness measuring system.  ventilation test.

21 2
11



Research on the Indoor Air Quality in New Houses in Hokkaido

2
3.
3.1
vVOC 1
1000 g/m?®
6
4%
2
36 g/m3
497y g/m3 10
VOC
1000p g/md

J. Hokkaido For. Prod. Res. Inst. Vol.21, No.2, 2007

>1000

9 g/m?

a -
10%
3.2
Cc
7
3.3
16% 2
80% 1%
9
0.5 /h
0.5
7
VOC

12

TVOC
17%

400u g/md

74

2.0cm?/m?
0.5 1.0cm?/m?

1.0cm?/m?

68

3% 3

10
/h

0.5 /h

VOC

VOC
VOC



1 VvoC
Table 1. Results of analysis for VOC.

vVOC
(pgm?® | (pgmd (Hgm® | (ugm? (Hgm®
Min.") Max."™) Mean™") | Median Guideline
vaue
of MHLW
Toluene n.d. >1000 - 36 260
Aromatic Ethylbenzene n.d. 608 23 8 3800
Hydrocarbons Xylene n.d. 431 28 14 870
Ethyltoluene n.d. 551 31 15
Styrene n.d. 120 11 7 220
1,3,5- 1,3,5-Trimethylbenzene n.d. 147 11
1,2,4- 1,2,4-Trimethylbenzene n.d. 510 35 14
1,2,3- 1,2,3-Trimethylbenzene n.d. 132 10 5
Heptane n.d. 59 4 2
Alkanes Octane n.d. 85 6 3
Nonane n.d. 398 25 14
Decane n.d. 750 85 44
Undecane n.d. >1000 - 54
Dodecane n.d. 764 48 17
Tridecane n.d. 683 23 11
T etradecane n.d. >1000 - 9 330
a - QA -Pinene n.d. >1000 - 120
Terpenes B- 3-Pinene n.d. 97 21 16
Limonene n.d. >1000 - 25
Ethanol n.d. 752 79 57
Alcohols 2- 2-Propanol n.d. 288 23 11
1- 1-Butanol n.d. 330 28 12
Acetone n.d. >1000 - 70
Ketones Methylethylketone n.d. 995 114 63
Methylisobutylketone n.d. 230 24 10
Dichloromethane n.d. 745 46 19
Halocarbons Chloroform n.d. 37 8 1
1,1,1- 1,1,1-Trichloroethane n.d. 3 3 3
Carbontetrachl oride n.d. 9 2 1
1,2- 1,2-Dichloroethane n.d. 13 7 4
Trichloroethane n.d. 282 67 1
1,2- 1,2-Dichloropropane n.d. 8 2 1
Bromodichloromethane n.d. 9 4 4
Tetrachloroethylene n.d. 5 2 1
Dibromochloromethane n.d. 0.4 0.4 0.4
p- p-Dichlorobenzene n.d. 38 2 1 240
Ethylacetate n.d. >1000 - 42
Esters Butylacetate n.d. >1000 - 31
Nonanal n.d. 980 47 30 41
Aldehydes (provisional)
Decanal n.d. 58 11 7
Formaldehyde 6 224 35 26 100
Acetaldehyde 4 497 72 53 48
* nd. ** >1000
*) n.d.: Value under minimum limit of fixed quantity. **) >1000: Unable to calculate fixed quantity due to high concentration.
**x) -: Unable to calculate mean value.
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Fig. 5. Frequency distribution of the concentrations of the respective VOCs.
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Table 2. Interior finish of the houses built by construction company A.
Floor Painting wall Celling
A-1
Wooden flooring Natural painting Diatom Plywood
A-2
Wooden flooring Natural clear color painting |Diatom Plywood
A-3
Wooden flooring Natural wax Diatom Plywood
A-4
Wooden flooring Natural painting Diatom Diatom
Woodchip wall paper |Woodchip wall paper
A-5
Wooden flooring Natural clear color painting |Diatom Diatom
Woodchip wall paper |Woodchip wall paper
A-6
Wooden flooring Natural clear color painting |Diatom Diatom
3 A
Table 3. Outline of indoor air quality of houses built by construction company A.
vOoC pg/mé pg/m? pg/m3 Numbers of %
Min. Max®) Mean™™) Hg/m? rooms Percent
Guideline | exceeded | exceeded
value of guideline | guideline
MHLW value value
Formaldehyde 38 224 91 100 6 33
Acetaldehyde 47 223 127 48 17 94
Ethanol 19 217 69
Acetone 0 619 148
Methylethylketone 32 944 276
Toluene 33 >1000 260 10 56
Decane 7 236 108
Undecane 0 332 100
T etradecane 48 >1000 330 14 78
a - O -pinene 234 >1000
Limonene 72 694 256
*  >1000 *x

*) >1000: Unable to calculate fixed quantity due to high concentration. **) -: Unable to calculate mean value.
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Table 4. Concentration of formaldehyde in the rooms
(house A-2).

pg/m?
Room Concentration of
Formaldehyde
1 130
1.Fl. sampling room
1 76
1.F. living room
2 102
2.Fl. multiuse room
2 109
2.Fl. bedroom

11
Fig. 11. Small chamber system.
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Fig. 12. Plan of house A-2.
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Fig. 13. Bookshelf in sampling room of house A-2.

5
Table 5. Amount of formaldehyde diffusion from
plywood that the bookshelf was made of.

pg/m?
Diffusion amount
Cs 171
Ce 201
Cs
Result of the test using small chamber method
Ce

Result of the test using tedlarbag method
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Ca 413 B
6 Cc
135 g/m? 130p g/md B
5 7
B
6
Table 6. Constant values used in calculation.
Constant value
Ca (ug/m?) 96
Ce (ug/m3) 20
n (timesh) 1.0
A (m?) 61
S (m3) 27
L (m2/m3) 23 4.2 VOC
k (m/h) 0.26 VOC
Ca
Concentration of formaldehyde in the existent indoor air
Ce
Result of the test using tedlarbag method
n
Times of the ventilation VOC
A
Area of the furniture
S
Volume of the room VOC
L
Load factor of the test piece of the furniture against the room VOC
k
Absorption factor
7 B
Table 7. Outline of indoor air quality of the houses built by construction company B.
vOoC pg/mé pg/m? pg/m? Numbers of %
Min. Max®) Mean™™) Hg/m? rooms Percent
Guideline exceeded exceeded
value of guiddine | guideine
MHLW value value
Formaldehyde 17 98 38 100 0 0
Acetaldehyde 39 178 85 48 10 83
Ethanol 9 255 104
Acetone 31 185 86
Dichrolomethane 0 745 124
Methylethylketone 12 751 303
Ethylacetate 1 >1000
Toluene 2 >1000 260 4 33
Butylacetate 6 >1000
Ethylbenzene 2 608 118 3800 0 0
Xylene 2 307 89 870 0 0
Ethyltoluene 2 551 104
1,2,4- 1,2,4-Trimethylbenzene 3 510 86
Nonane 1 398 69
Decane 4 627 140
Undecane 3 >1000
a - a -Pinene 2 247 75
*  >1000 **

*) >1000: Unable to calculate fixed quantity due to high concentration. **) -: Unable to calculate mean value.
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Table 8. Indoor air quality of house A-3 measured one month after the inhabitants have moved in.
1
Before moving in After one month
vOoC a b c a b c
Rooma | Roomb | Roomc [[ Rooma | Roomb | Roomc
(153 )| (152 )|(152 )[(@53 )| (252 )| (242 )
Formaldehyde 156 224 183 23 29 47
Acetal dehyde 92 111 210 17 19 28
Toluene 378 328 333 15 15 13
Butylacetate 72 195 61 6 9 8
Decane 7 222 50 9 9 13
Dodecane 145 214 55 8 9 13
T etradecane >1000 >1000 >1000 86 82 197
a - a -Pinene >1000 >1000 >1000 580 277 578
Limonene 517 548 694 17 23 29
B g/md
Parenthetic values are room temperatures. (Unit: g4 g/md)
9 3 C VvoOocC
Table 9. Indoor air quality of house C measured three months after the inhabitants have moved in.
3
Before movingin After three months
vOoC a b c d a b c d
Rooma | Roomb | Roomc | Roomd [[ Rooma [ Roomb | Roomc | Roomd
(207 )|(21.9 )|(9.2 )| (200 )| (224 )|(265 )|(21.3 )| (224 )
Formaldehyde 18 28 35 36 13 23 24 30
Acetaldehyde 58 122 137 141 10 37 44 41
Methylethylketone 350 995 243 499 10 24 24 27
Ethylacetate 35 371 93 21 2 7 11 9
Decane 54 102 265 34 5 8 9 8
Undecane 83 174 528 70 6 9 11 10
Dodecane 80 213 764 311 9 16 20 18
Tridecane 62 168 683 99 10 21 26 23
T etradecane 40 95 338 63 9 19 23 21
v g/md

Parenthetic values are room temperatures.

19

(Unit: g g/md)
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E VvOC
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11

D VvOC

Table 10. Indoor air quality of house D measured 13
months after the inhabitants have moved in.

Parenthetic values are room temperatures.

11

13
Before movingin After 13 months
voC a b a b
Rooma | Roomb || Rooma | Roomb
(265 )|(27.2 )| (253 )|(25.9 )
55 52 34 39
Formaldehyde
497 461 124 130
Acetaldehyde
307 515 3 65
Methylethylketone
198 394 15 148
Toluene
171 421 2
Nonane
a- 246 462 270 328
o -Pinene
. 48 296 31 35
Limonene
228 785 0 0
Undecane
B g/m?

(Unit: p g/md)

E VvOC

Table 11. Indoor air quality of house E measured 13
months after the inhabitants have moved in.

Parenthetic values are room temperatures.

13
Before movingin After 13 months
vOoC a b a b
Rooma | Roomb || Rooma | Roomb
(21.3 )[(226 )[[(27.4 )|(29.8 )
23 23 38 46
Formal dehyde
256 250 189 200
Acetaldehyde
106 148 15 16
Toluene
a- 270 328 94 148
O -Pinene
g g/m?

(Unit: g g/m?3)
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51
511
2 LC LK 11

12
12

Table 12. Constituents of natural paint provided by
the manufacturer.

Products Constituent

LC

Linseed ail, Linseed/stand oil/natural resin ester,
Linseed/wood oil/stand oil, Iron oxide, Natural resin
glycerol ester, Linseed stand oil, Orange peel oil,
Isoaliphate, Microwax, Pine oil, Rosemary oil,
Lead-free drying agents

LK

Linseed/stand oil/natural resin ester, Linseed ail,
Linseed stand ail, Linseed/wood oil/stand ail,
Orange peel ail, Microwax, Isoaliphate, Mineral
pigments, Alumina, Lead-free drying agents
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Table 13. VOC diffusion one day after painting.
voC pg/m?
diffused
amount
T etradecane 2829
Acetone 435
Limonene 353
2- 2-Propanol 219
Decane 212
Dodecane 199
Methylethylketone 139
Heptane 129
Octane 102
Ethanol 43
Hexane 25
Nonane 18
Tridecane 17
1,2,4 1,2,4-Trimethylbenzene 15
o- o-Ethyltoluene 13
Benzene 12
1- 1-Butanol 11
m-,p: m-,p-Ethyltoluene 10
Methylisobutylketone 9
1,3,5- 1,3,5-Trimethylbenzene 4
Hexadecane 4
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Fig. 14. Relationship between amount of aldehyde
diffusion and the passage of time.
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