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Table 1. The concentrations of gaseous compounds in indoor and outdoor air at 602 houses in all
over Japan. (ng/m?)

Winter (n=602) Summer (n=602)
Compound Indoor air Outdoor air Indoor air Qutdoor air
mean median max. mean median max. mean median max. mean median max.
formaldehyde 13 11 58 1.7 1.5 8.5 34 27 220 4.3 3.8 20
acetaldehyde 21 15 230 2.3 2.2 14 19 13 210 3.4 3.1 11
propanal 4.1 2.5 62 0.5 0.4 6.1 7.4 5.3 37 1.2 1.3 3.8
valeraldehyde 0.8 0.6 11 0.4 0.4 4.1 1.9 1.3 35 0.3 0.0 3.3
i~valeraldehyde 0.5 0.0 9.3 0.3 0.0 3.8 0.1 0.0 4.6 0.0 0.0 1.5
hexanal 3.2 2.4 23 0.5 0.1 4.6 7.0 42 110 0.4 0.0 7.8
heptanal 0.8 0.8 9.3 0.6 0.8 5.4 0.7 0.0 7.6 0.1 0.0 2.9
octanal 1.0 1.0 7.5 0.7 0.9 9.2 1.6 1.3 13 0.3 0.0 8.0
nonanal 4.3 3.1 33 1.5 1.4 14 12 11 37 5.5 5.5 14
decanal 1.4 1.3 32 1.1 1.3 6.9 3.7 3.5 15 1.0 0.0 8.8
acrolein 0.8 0.5 8.5 0.3 0.3 1.2 0.9 0.8 4.8 0.2 0.0 1.4
crotonaldehyae 0.5 0.4 18 0.3 0.4 2.2 0.2 0.0 18 0.1 0.0 1.6
2-nonenal 0.6 0.1 5.2 0.5 0.0 7.8 0.3 0.0 3.4 0.1 0.0 3.0
benzaldehyde 0.8 0.7 25 0.4 0.1 6.9 1.3 0.9 16 0.1 0.0 2.6
o-tolualdehyde 0.8 0.0 61 0.4 0.0 4.8 0.2 0.0 13 0.1 0.0 2.6
m+p-tolualdehyde 1.0 0.8 120 0.6 0.6 6.9 1.9 1.6 15 1.0 1.0 8.0
2,5-DMBA 0.9 0.9 11 0.9 0.9 7.0 2.6 2.2 19 2.6 2.2 17
acetone 27 14 2500 4.7 4.3 34 22 14 490 4.9 4.2 30
2-butanone 1.3 0.9 23 0.7 0.6 9.0 1.7 1.2 99 0.6 0.6 4.1
hexane 2.8 1.6 160 1.7 0.9 97 3.5 1.6 240 1.5 1.0 72
heptane 3.9 1.1 250 0.1 0.0 9.5 2.0 0.0 68 0.1 0.0 9.3
2,4-dimethylpentane 0.1 0.0 2.9 0.1 0.0 38 0.0 0.0 2.4 0.0 0.0 2.1
octane 2.8 0.6 110 0.1 0.0 8.1 2.0 0.0 110 0.1 0.0 13
nonane 11 1.2 460 0.9 0.4 42 6.6 0.0 540 0.4 0.0 110
decane 13 2.9 420 2.5 1.4 85 7.8 1.5 320 2.2 0.0 170
undecane 19 5.0 580 5.3 2.2 160 18 8.2 310 2.3 0.0 230
benzene 2.3 1.7 19 1.6 1.3 6.3 1.3 1.0 14 1.0 0.8 10
toluene 9.6 6.8 370 5.5 3.2 150 12 6.4 330 7.0 3.9 94
ethylbenzene 5.3 2.2 710 1.6 1.2 23 4.4 2.3 240 1.5 1.4 13
o-xylene 3.4 1.5 120 1.0 0.8 11 2.6 1.4 77 0.5 0.0 20
m,p-xylene 8.2 3.7 430 2.5 2.3 21 5.8 29 180 1.8 1.5 45
1,2,3-trimethylbenzene 1.7 0.5 46 0.4 0.2 8.1 0.9 0.0 31 0.1 0.0 19
1,2,4-trimethylbenzene 6.4 2.0 190 1.6 1.1 29 4.0 1.5 150 0.6 0.0 72
1,3,5-trimethylbenzene 1.9 0.7 49 0.5 0.4 1 1.2 0.0 45 0.2 0.0 20
trichloromethane 0.7 0.4 16 0.2 0.0 6.7 0.7 0.0 16 0.1 0.0 1.5
carbon tetrachloride 0.0 0.0 4.7 0.0 0.0 1.1 0.1 0.0 1.7 0.1 0.0 1.1
dibromochloromethane 0.1 0.0 12 0.0 0.0 0.0 0.0 0.0 6.7 0.0 0.0 1.2
1,2-dichloroethane, 0.0 0.0 9.4 0.0 0.0 0.0 0.2 0.0 11 0.0 0.0 0.6
1,1,1-trichloroethane 0.1 0.0 26 0.0 0.0 2.0 0.2 0.0 40 0.0 0.0 0.5
1,2-dichloropropane 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.4 0.0 0.0 0.0
trichloroethylene 0.1 0.0 2.5 0.0 0.0 3.3 0.0 0.0 1.9 0.0 0.0 0.9
tetrachloroethylene 0.4 0.0 45 0.0 0.0 3.3 0.2 0.0 18 0.0 0.0 3.9
p-dichlorobenzene 31 1.4 2100 0.5 0.0 38 120 4.3 13000 3.7 1.1 200
ethyl acetate 5.4 1.2 780 0.5 0.0 29 8.5 0.0 650 0.2 0.0 23
butyl acetate 3.8 1.4 220 0.3 0.0 9.7 6.2 0.0 410 0.2 0.0 16
a-pinene 5.6 1.3 180 0.2 0.0 46 30 3.7 1900 1.2 0.8 17
d-limonene 24 13 440 0.6 0.0 31 17 7.3 260 0.5 0.0 54
ozone 1.7 1.1 27 34 32 160 10 7.2 62 34 33 88
formic acid 54 21 440 13 9.9 92 28 24 240 15 14 51
acetic acid 93 84 330 38 33 150 130 97 840 39 37 100
hydrogen chloride 2.7 0.9 150 2.9 1.0 54 1.9 1.3 150 1.6 1.3 18
nitrogen dioxide 220 56 2000 28 20 380 13 9.7 99 11 9.2 83
sulfur dioxide 2.2 0.7 480 2.4 1.4 42 0.6 0.5 7.2 1.2 0.7 13
ammonia 16 12 350 5.0 3.8 18 37 28 1000 9.9 8.8 36
temperature (°C) 17 18 27 4.7 4.9 21 28 28 35 26 27 31
humidity (%) 48 48 81 59 60 93 63 63 86 74 74 94

2,5-DMBA: 2,5-dimethylbenzaldehyde



Table 2. Summer concentrations of gaseous chemical compounds in indoor and outdoor air at 18
institutional buildings and 77 residential houses in Yokohama (ug/m3)

Institutional buildings (n=18)

Residential houses (n=77)

compounds Indoor air Qutdoor air Indoor air Qutdoor air
mean median max. mean median max. mean median max. mean median max.
formaldehyde 22 21 44 3.8 3.6 6.1 40 32 220 4.5 42 12
acetaldehyde 13 12 26 3.1 27 5.8 21 14 210 3.0 2.8 6.0
propanal 6.0 6.1 11 1.2 1.3 2.3 7.0 43 29 1.2 1.3 2.4
~valeraldehyde n.d. n.d. n.d. n.d. n.d. n.d. 0.1 n.d. 4.6 n.d. n.d. n.d.
valeraldehyde 1.2 1.1 2.6 0.1 n.d. 0.7 2.6 1.3 34 0.2 n.d. 1.2
hexanal 4.5 4.0 7.8 n.d. n.d. 0.7 9.9 4.8 110 0.1 n.d. 1.2
heptanal 0.1 n.d. 1.0 n.d. n.d. n.d. 0.7 n.d. 4.5 n.d. n.d. n.d.
octanal 0.9 1.1 2.2 0.1 n.d. 2.0 1.7 1.8 4.8 0.1 n.d. 3.2
nonanal 8.8 87 16 44 54 8.1 11 11 24 5.6 6.0 9.5
decanal 2.2 2.6 5.3 0.2 n.d. 2.0 3.8 3.7 9.5 0.5 n.d. 3.6
benzaldehyde 24 1.3 12 0.1 n.d. 1.1 1.6 1.3 8.0 0.1 n.d. 1.3
o-tolualdehyde n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1.0 n.d. n.d. 1.0
‘m,p-tolualdehyde 1.5 1.6 3.1 05 nd 1.4 1.6 12 11 0.8 0.9 2.2
2,5-DMBA 1.8 2.2 3.5 2.0 1.9 6.5 1.6 14 11 1.5 1.5 74
acrolein 0.9 0.8 1.7 0.2 n.d. 1.3 1.0 0.9 25 0.3 n.d. 1.4
crotonaldehyde n.d. n.d. 0.7 nd. nd. 1.1 0.2 nd. 1.8 nd. nd. 0.7
acetone 13 14 20 3.2 2.5 8.0 23 16 200 3.8 34 16
2-butanone 1.5 1.3 4.3 0.4 n.d. 1.8 1.7 1.3 7.7 0.5 0.5 2.2
hexane 2.9 2.1 7.1 2.3 12 17 7.0 2.0 240 1.3 1.0 4.3
heptane 0.7 n.d. 3.3 n.d. n.d. 1.2 2.1 nd. 49 0.1 n.d. 5.6
octane 0.7 n.d. 3.5 n.d. n.d. n.d. 1.7 nd. 30 n.d. n.d. 0.6
nonane 1.3 nd. 21 n.d. n.d. n.d. 2.8 nd. 36 0.1 n.d. 3.9
decane 1.9 nd. 25 04 n.d. 2.7 3.8 0.1 32 1.3 n.d. 8.9
undecane 18 11 77 0.9 n.d. 8.7 19 9.9 310 2.5 nd. 19
benzene 1.4 1.4 2.7 1.2 1.5 2.2 1.2 1.0 6.5 1.1 0.9 9.3
toluene 19 8.1 190 5.0 46 13 20 9.0 330 11 57 83
ethylbenzene 4.4 3.9 9.8 2.2 2.1 5.8 6.7 25 110 2.2 20 11
o-xylene 1.5 1.8 4.0 0.5 n.d. 2.5 2.7 1.8 19 0.9 1.0 4.0
m,p-xylene 5.0 43 11 2.2 2.0 6.1 6.3 3.6 63 2.5 2.4 7.8
1,3,5-TMB 0.8 n.d. 9.1 n.d. n.d. 1.1 0.8 n.d. 8.4 0.1 n.d. 1.9
1,2,4-TMB 3.5 1.9 31 0.4 n.d. 37 2.6 1.5 26 0.6 n.d. 4.9
1,2,3-TMB 0.4 n.d. 6.2 n.d. n.d. n.d. 0.5 n.d. 4.9 n.d. n.d. n.d.
a-pinene 1.7 1.2 7.8 n.d. n.d. 0.4 51 3.3 1400 0.5 nd. 59
d-limonene 1.4 n.d. 7.1 n.d. n.d. n.d. 22 10 220 0.6 n.d. 9.3
p-dichlorobenzene 45 4.3 9.9 1.2 0.6 4.8 85 5.6 2200 4.3 28 49
ethyl acetate 3.0 nd. 36 n.d. n.d. 1.4 12 nd. 550 0.3 nd. 19
ozone 3.9 3.1 7.7 27 24 65 7.7 5.2 43 32 26 85
hydrogen chloride 0.9 0.7 2.3 2.1 1.1 18 1.6 15 13 1.6 1.6 3.2
nitrogen dioxide 9.9 8.3 19 16 12 49 16 13 85 16 13 49
sulful dioxide 04 0.6 1.0 2.1 1.1 6.0 0.6 0.6 3.8 1.4 0.9 6.2
formic acid 22 22 31 14 13 25 25 22 80 12 12 25
acetic acid 100 85 230 70 54 170 150 120 550 51 34 190
ammonia 44 45 61 13 15 19 37 29 160 8.4 7.2 23
temperature (°C) 28 28 31 28 29 29 28 28 33 26 27 29
humidity (%) 58 58 66 73 75 81 66 67 82 79 78 94

n.d., not detected
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Table 3. Winter concentrations of gaseous chemical compounds in indoor and outdoor air at 18
institutional buildings and 77 residential houses in Yokohama (1g/m3)

Institutional buildings (n=18)

Residential houses (n=77)

compounds Indoor air Qutdoor air Indoor air Outdoor air
mean median max. mean median max. mean median max. mean median max.
formaldehyde 6.3 5.8 10 1.9 1.8 2.9 13 11 36 1.8 1.6 5.5
acetaldehyde 6.7 6.7 8.7 2.9 2.8 4.7 20 16 140 2.6 2.6 5.9
propanal 1.8 1.1 6.1 0.5 0.6 1.0 3.9 26 18 0.6 0.5 2.0
i~valeraldehyde 0.5 0.6 1.0 0.4 0.5 1.3 0.5 0.6 1.6 0.4 0.5 1.6
valeraldehyde 0.6 0.7 14 0.7 0.7 1.6 0.9 0.7 6.0 0.6 0.6 1.7
hexanal 1.9 1.7 5.9 0.5 0.7 1.2 3.5 23 23 0.7 0.8 2.0
heptanal 1.0 1.1 2.1 1.0 0.9 2.0 1.1 1.0 4.3 0.9 0.9 2.6
octanal 1.1 1.1 1.5 1.1 1.1 1.8 14 1.2 3.5 1.0 1.1 2.9
nonanal 2.0 2.1 3.6 1.3 1.4 2.1 3.3 26 18 1.4 1.3 6.7
decanal 1.4 1.5 2.3 1.7 1.6 3.5 1.6 1.5 3.4 1.5 1.5 4.4
benzaldehyde 1.0 0.9 25 0.7 0.6 1.3 0.9 0.7 4.5 0.5 0.6 1.4
o-tolualdehyde 0.5 0.4 1.4 0.6 0.8 1.3 1.6 0.8 61 0.6 0.8 2.1
m,p-toluaidehyde 1.0 1.0 2.3 0.7 0.8 1.3 25 0.9 120 0.7 0.8 2.3
2,5-DMBA 1.1 1.1 2.7 1.0 1.1 1.6 1.2 1.1 5.2 1.0 1.1 2.3
acroleine 0.5 0.4 1.0 04 0.3 0.8 0.5 0.4 3.7 0.3 0.3 0.9
2-nonenal 0.6 0.4 1.7 0.7 0.9 1.9 0.7 0.9 2.2 0.8 0.9 4.5
acetone 11 11 19 4.2 4.0 8.0 30 15 1000 3.7 3.3 9.7
2-butanone 2.1 1.6 6.4 1.2 1.1 2.5 1.7 1.2 23 0.9 0.7 4.2
hexane 8.8 2.9 100 1.6 1.2 6.0 2.3 1.3 17 2.6 0.8 96
heptane 1.2 0.9 4.1 0.2 n.d. 0.8 1.9 0.6 32 0.1 n.d. 1.0
octane 0.4 0.3 2.0 n.d. n.d. 0.3 24 nd. 110 n.d. n.d. 0.9
nonane 0.6 0.6 2.1 04 04 1.3 3.8 0.6 38 0.4 0.3 2.7
decane 1.3 0.9 6.3 1.2 0.9 4.8 5.5 1.9 54 1.6 1.3 6.5
undecane 3.9 4.0 8.3 1.9 1.8 7.3 9.6 3.0 140 2.1 1.8 8.7
benzene 2.0 1.7 4.3 1.6 1.2 3.3 1.6 1.5 10 1.4 1.3 4.1
toluene 13 9.1 52 9.4 6.7 56 8.3 6.0 53 5.4 36 55
ethylbenzene 3.3 3.0 6.3 2.2 2.0 4.5 2.2 1.9 6.5 1.4 1.2 4.3
o-xylene 1.7 1.6 3.3 1.2 1.2 2.6 1.8 1.2 7.4 1.0 0.9 4.4
m,p-xylene 4.7 4.3 7.2 3.5 3.5 6.3 4.5 3.3 16 2.8 2.7 6.3
1,3,5-TMB 0.9 0.7 2.4 04 0.4 1.3 1.0 0.6 6.2 0.5 0.4 1.8
1,2,4-TMB 2.3 1.9 8.2 1.5 1.3 2.9 3.2 1.5 21 1.5 1.2 4.2
1,2,3-TMB 04 0.3 1.5 0.2 0.3 0.7 0.8 0.3 7.0 0.3 0.2 1.0
a-pinene 0.1 n.d. 0.8 n.d. n.d. 0.3 7.8 2.0 120 n.d. n.d. 1.6
d-limonene 2.1 2.3 54 n.d. n.d. n.d. 22 14 200 0.2 n.d. 3.3
p-dichlorobenzene 25 2.0 71 0.2 n.d. 1.3 29 1.7 1600 0.9 nd. 34
ethyl acetate 3.1 1.9 22 0.4 n.d. 1.9 20 nd. 56 0.5 nd. 18
ozone 0.8 0.7 2.6 23 24 35 1.0 0.7 6.4 29 30 55
hydrogen chloride 1.6 0.8 10 1.4 1.0 5.4 2.0 0.8 20 1.7 06 25
nitrogen dioxide 37 32 81 43 36 84 150 40 1300 28 23 110
sulful dioxide 0.8 0.8 3.0 2.1 1.8 5.5 0.8 06 12 1.5 1.4 5.4
formic acid 9.2 9.0 16 9.4 8.8 16 32 13 310 8.6 9.1 20
acetic acid 45 40 96 32 28 81 87 76 330 41 31 150
ammonia 18 16 32 6.0 46 17 16 13 80 5.0 3.3 42
temperature (°C) 20 20 23 6.4 6.3 9.5 16 16 24 5.3 54 15
humidity (%) 41 41 52 59 61 76 46 45 77 45 42 84
n.d., not detected
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