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Abstract

Indoor air pollution by chemicals was examined in 105 residences, for which final construction (including
renovations) had been completed at least half a year earlier, in Osaka from June 2003 to January 2004 . The
airborne compounds were collected for 24 hours under normal living conditions. Collected nitrogen dioxide and
formaldehyde were measured using the colorimetric method while 38 volatile organic compounds (VOC) and
39 semivolatile organic compounds (SVOC) were analyzed using gas chromatography/mass spectrometry.
The median concentrations of nitrogen dioxide (35ug/m’), formaldehyde (31ug/m?), toluene (22ug/m®),
and ethylacetate (12ug/m®) were relatively high among the compounds studied, and high concentrations of
a -pinene (maximum: 1800.g/m’) and p-dichlorobenzene (1770ug/m®) were found in several residences.
The concentrations of p-dichlorobenzene alone exceeded the indoor guideline values of Japan in 10% of the
examined residences. The indoor concentrations of formaldehyde and nitrogen dioxide were significantly higher
in winter than in summer. The indoor concentrations of di-#-butylphthalate and di (2-ethylhexyl) phthalate were
high among SVOCs, and the concentrations of many phthalates and phosphates were significantly higher in
summer than in winter. S-421, a synergist, was found in indoor air of a high 90% of the residences. Thirteen
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fungicides and insecticides containing metoxadiazone, which was not known as an indoor air pollutant, were

found in the residential air samples.

Key words: formaldehyde, nitrogen dioxide, VOC, SVOC, indoor air pollution, residence.
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Table 1 Indoor concentrations of chemicals in residential air (n = 105)

[2007]

Concentration (ug/m?®)

Frequency of

Chemicals Median Range detection (%)
Nitrogen dioxide 35 ( 15 - 561 ) 100
Formaldehyde 31 ( 5 - 91 ) 100
VOCs & SVOCs
Aliphatic hydrocarbons
Hexane 2.53 ( 0.79 - 77.4 ) 100
2,4-Dimethylpentane 0.31 ( 0.11 - 9.42 ) 100
2,2 ,4-Trimethylpentane 0.47 ( 0.16 - 314 ) 100
Heptane 2.20 ( 0.49 - 194 ) 100
Octane 1.14 ( 0.21 - 185 ) 100
Nonane 1.93 ( 0.04 - 336 ) 100
Decane 2.78 (036 - 217 ) 100
Undecane 1.90 (057 - 131 ) 100
Dodecane 1.65 ( 0.07 - 175 ) 100
Tridecane 1.80 (o1 - 611 ) 100
Tetradecane 2.69 ( <001 - 260 ) 99
Total 25.1 ( 674 - 1230 ) 100
Aromatic Hydrocarbons
Benzene 1.70 (061 - 288 ) 100
Toluene 22.3 ( 7.02 - 145 ) 100
Ethylbenzene 4.68 ( 1.12 - 497 ) 100
Xylene 7.71 ( 236 - 166 ) 100
Styrene 0.11 ( <001 - 219 ) 88
1,3,5-Trimethylbenzene 1.05 ( 0.18 - 25.0 ) 100
1,2,4-Trimethylbenzene 2.53 ( 0.83 - 69.1 ) 100
1,2,3-Trimethylbenzene 0.53 ( 0.08 - 225 ) 100
1,2,4,5-Tetramethylbenzene 0.21 ( 0.03 - 316 ) 100
Total 45.9 ( 13.0 - 510 ) 100
Terpenes
a-pinene 4.38 ( 0.29 - 1800 ) 100
Limonene 9.24 (023 - 189 ) 100
Total 19.1 (068 - 1880 ) 100
Halocarbons
Chloroform 0.35 (o1 - 247 ) 100
1,2-Dichloroethane 0.08 (003 - 131 ) 100
1,1,1-Trichloroethane 0.20 ( 0.11 - 0.98 ) 100
Carbon Tetrachloride 0.69 ( 0.49 - 0.96 ) 100
1,2-Dichloropropane 0.04 ( <002 - 034 ) 95
Trichloroethylene 0.99 (010 - 936 ) 100
Chlorodibromomethane 0.16 ( <004 - 069 ) 89
Tetrachloroethylene 0.79 (015 - 250 ) 100
p-Dichlorobenzene 7.42 ( 0.67 - 1770 ) 100
Total 11.8 ( 374 - 1770 ) 100
Esters®
Ethylacetate 11.7 ( 1.86 - 113 ) 100
Butylacetate 2.69 ( 0.46 - 244 ) 100
Total 14.7 ( 266 - 130 ) 100
Carbonyl compounds
Methylethylketone 3.65 ( 0.76 - 12.8 ) 100
Methylisobutylketone 0.70 ( 0.17 - 10.2 ) 100
1-Nonanal 5.94 ( <0.02 - 117 ) 99
1-Decanal 1.79 ( <002 - 205 ) 90
Total 12.7 (18 - 125 ) 100




Table 1 Indoor concentrations of chemicals in residential air (cont.)

FENBREERRE [2007]

Concentration (ug/m’)

Frequency of

Chemicals Median Range detection (%)
Other
Alcohols
1-Butanol 2.37 ( 0.39 81.2 ) 100
Adipates v
Di (2-ethylhexyl) adipate 0.008 ( <0.001 0.100 ) 98
Phthalates
Dimethylphthalate 0.051 ( 0.003 1.12 ) 100
Diethylphthalate 0.065 ( <0.002 0.781 ) 99
Di-n-propylphthalate <0.001 ( <0.001 0112 ) 18
Diisobutylphthalate 0.060 ( <0.001 0.768 ) 99
Di-n-butylphthalate 0.561 ( 0.011 4.92 ) 100
Di-n-pentylphthalate <0.001 ( <0.001 0.002 ) 1
Benzylbutylphthalate 0.002 ( <0.001 0.043 ) 81
Di-n-hexylphthalate <0.001 ( <0.001 0.003 ) 4
Dicyclohexylphthalate <0.001 ( <0.001 0.002 ) 4
Di-n-heptylphthalate <0.001 ( <0.001 0.005 ) 14
Di (2-ethylhexyl) phthalate 0.283 ( <0.003 129 ) 99
Phosphates
Triethylphosphate 0.011 ( <0.002 0.200 ) 89
Tripropylphosphate <0.001 ( <0.001 0.021 ) 5
Tributylphosphate 0.0060 ( <0.0003 0.104 ) 99
Tris (2-chloroethyl) phosphate 0.001 ( <0.001 0273 ) 56
Tris (1,3-dichloro-2-propyl) phosphate <0.001 ( <0.001 0.008 ) 16
Triphenylphosphate 0.002 ( <0.001 0.011 ) 73
Tricresylphosphate <0.0003 ( <0.0003 0.004 ) 25
Fungicides
Chlorothalonil <0.001 ( <0.001 0.024 ) 3
Synergists
2,3,3,3,2'3"3" 3'-Octachlorodipropylether 0.002 ( <0.001 0.069 ) 90
Insecticides ”
Dichlorvos <0.001 ( <0.001 0.027 ) 12
Fenobucarb <0.001 ( <0.001 0.010 ) 29
Propoxur <0.001 ( <0.001 0.007 ) 2
Tripropylisocyanurate <0.001 ( <0.001 <0.001 ) 0
Metoxadiazone <0.002 ( <0.002 0.274 ) 19
Diazinon <0.001 ( <0.001 0.014 ) 3
Dichlofenthion <0.001 ( <0.001 0.004 ) 2
Chlorpyrifosmethyl <0.001 ( <0.001 <0.001 ) 0
Carbaryl <0.001 ( <0.001 0.012 ) 16
Malathion <0.001 ( <0.001 0.003 ) 3
Chlorpyrifos <0.001 ( <0.001 0.010 ) 8
Tetrachlorvinphos <0.001 ( <0.001 <0.001 ) 0
Fenoxycarb <0.0003 (' <0.0003 <0.0003 ) 0
Bifenthrin <0.001 ( <0.001 0.001 ) 1
Pyriproxyfen <0.001 ( <0.001 0.001 ) 1
Permethrin <0.001 ( <0.001 0.005 ) 26
Ethofenprox <0.001 ( <0.001 <0.001 ) 0
Silafluofen <0.001 ( <0.001 <0.001 ) 0
Total 3.72 ( 1.02 84.8 ) 100
TVOC 179 ( 494 2310 ) 100

“ . Esters except for adipates, phthalates and phosphates.
Y . These are SVOCs
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Table 2 Influence of season, years lapsed after completion of the residences, building style, and smoking on

indoor concentrations of chemicals

Concentration (geometric mean, ug/m?®)

Significant difference ¥

Season Summer (I)  Autumn (II)  Winter (III)
(n=56) (n=24) (n=25)
Room temperature (C) 28.7 21.7 18.1 I>I1*** 1> IO *** I > III***
Years lapsed after completion of the residences 9.7 7.0 8.8 No significant difference
Rates of smoking (%) 55 67 52 No significant difference
Rates of wooden houses (%) 41 50 48 No significant difference
Formaldehyde 24 34 37 I<II*
Nitrogen dioxide 32 41 117 I <III *** I < III ***
Hexane 2.38 2.72 4.13 I<III*
2,4-Dimethylpentane 0.27 0.34 0.46 I<IIO*
Heptane 2.35 3.95 6.07 I<II*
Benzene 1.38 1.79 2.77 I <III *** II < III **
Styrene 0.06 0.19 0.46 I<III **
Limonene 5.14 13.6 16.2 I<II*, I<III **
Chloroform 0.31 0.48 0.51 I<II*
Carbon tetrachloride 0.64 0.71 0.73 I<II** I<IIT ***
Chlorodibromomethane 0.09 0.23 0.22 I<II*** I<II**
Di (2-ethylhexyl) adipate 0.012 0.008 0.004 I> I00 %% I1 > II1 **
Dimethylphthalate 0.075 0.037 0.030 I>10%, 1> 100 **
Diethylphthalate 0.089 0.054 0.028 I>TI0*** 1T >101 *
Diisobutylphthalate 0.087 0.042 0.029 I>10%, 1> 100 ***
Di-n-butylphthalate 0.987 0.464 0.248 I>10%*, I> 100 ***, 1T > IT*
Benzylbutylphthalate 0.003 0.002 0.001 I>TII0*** 1T > 111 *
Di (2-ethylhexyl) phthalate 0.310 0.271 0.151 I>1I0~
Tributylphosphate 0.009 0.007 0.003 I> 10 ***, I > [IT*
Triphenylphosphate 0.003 0.001 0.001 I>10%, 1> 01 ***
2,3,3,3,2"3'3"3"-Octachlorodipropylether 0.003 0.002 0.001 I> 100 **
Years lapsed after completion 1-2y (D 3-4y (ID) 5y < (III)
(n=22) (n=24) (n=59)
Room temperature (C) 24.5 24.2 24.7 No significant difference
Years lapsed after completion of the residences 1.7 34 13.8 T <II*** T < II *** II < IIT***
Rates of smoking (%) 41 67 59 No significant difference
Rates of wooden houses (%) 64 37 41 No significant difference
o-Pinene 31.0 5.64 2.64 I>I0x** I> 100 ***
Butylacetate 4.61 2.96 2.13 I>III **
Building style Wooden (I) Steel (II)
(n=47) (n=58)
Room temperature (C) 23.9 25.2 No significant difference
Years lapsed after completion of the residences 8.7 9.1 No significant difference
Rates of smoking (%) 51 62 No significant difference
Nonane 3.23 1.80 I>1I*
Decane 4.87 2.43 I> 11+
Undecane 3.71 1.95 I>10*
Dodecane 2.83 1.54 I>10*
1,3,5-Trimethylbenzene 1.50 1.01 I> I+
1,2 ,4-Trimethylbenzene 3.82 2.39 I>10**
1,2,3-Trimethylbenzene 0.89 0.52 I>1I**
1,2,4,5-Tetramethylbenzene 0.27 0.16 I>10**
o-Pinene 11.6 2.76 I>I1***
Di (2-ethylhexyl) phthalate 0.179 0.336 I<II***
TVOC 267 181 I>11*
Smoking No (I) Yes (II)
(n = 45) (n=60)
Room temperature (C) 24.8 24 .4 No significant difference
Years lapsed after completion of the residences 8.0 9.6 No significant difference
Rates of wooden houses (%) 51 40 No significant difference
Octane 1.11 2.21 I<1II*
Undecane 2.00 3.16 I<II*
Benzene 1.51 1.91 I<1II*
Styrene 0.08 0.19 I<II*
Limonene 5.83 11.1 I<II*
a) 1%, p<0.05; ** p<0.01; *** p<0.001

The ratios of neither wooden houses (building style) nor smoking were significantly different among each category of season and years

lapsed after completion using the chi-square test. Similarly, no significant relation was detected between building style and smoking.
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