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Table 1. The Outline in Investigated Residences

No. Structure Year of Construction
R1 Detached Wooden Unknown
R2 Detached Steel 1993
R3  Apartment  Steel (SRCH) 1983
R4 Detached Wooden 1999
R5 Detached Wooden 2015
R6 Detached Wooden 2010
R7 Detached Wooden 2012
R8 Detached Steel 2013
R9  Apartment Wooden 2000
R10 Apartment  Steel (SRC) 2002

*Steel Reinforced Concrete, **Repaired year
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Table 2. Concentrations and Detection Rates of Chemicals in Indoor Air and Outdoor Air

Indoor Air (n=18)

Outdoor Air (n=10)

- , Guideline
Chemicals (ug/m’) Max. Min.  Median ]?;:ect(tzr)l Max. Min. Median I;E:::t(loz; Value"
Formaldehy de 82.8 52 21.0 100 6.8 <5.0 <5.0 30 100
Acetaldehyde 42.5 <5.0 16.0 89 5.5 <5.0 <5.0 10 48
Toluene 254 5.1 12.2 100 46.7 3.8 9.2 100 260
Ethy Ibenzene 6.1 <2.5 3.0 78 8.8 <2.5 1.9 50 3,800 (58?)
Xylene 9.6 <2.5 <2.5 33 43 <2.5 <2.5 30 870 (200%)
Styrene <2.5 <2.5 <2.5 0 <2.5 <2.5 <2.5 0 220
p-DCB 36.7 <2.5 <2.5 44 <2.5 <2.5 <2.5 0 240
Tetradecane 252 <2.5 <2.5 22 <25 <2.5 <2.5 0 330
2-Ethyl-1-hexanol 5.7 <2.5 <2.5 22 <2.5 <2.5 <2.5 0 130%
Texanol 4.8 <25 <25 11 <25 <25 <2.5 0 2407
TXIB 5.8 <2.5 <2.5 6 6.0 <2.5 <2.5 10 100?
Benzene 1.8 <0.8 1.5 89 1.9 <0.8 1.3 90 1.7'9
Naphthalene 5.5 <2.5 <2.5 6 <2.5 <2.5 <2.5 0 10'0
Acetone 89.1 10.6 33.6 100 13.9 <5.0 9.1 80
2-Butanone 8.7 <2.5 4.0 94 17.8 <2.5 3.0 60
Ethyl acetate 22.6 5.5 9.2 100 38.0 32 5.4 100
Butyl acetate 4.2 <2.5 <2.5 28 6.1 <2.5 <2.5 10
2-Propanol 408 <2.5 5.7 67 8.9 <2.5 <2.5 40
1-Propanol 2.9 <2.5 <2.5 11 <2.5 <2.5 <2.5 0
1-Butanol 21.0 <2.5 <2.5 39 <25 <2.5 <2.5 0
Hexane 14.2 <2.5 4.6 89 7.3 <2.5 35 80
Heptane 9.3 <2.5 <2.5 22 <2.5 <2.5 <2.5 0
Octane 10.2 <2.5 <2.5 11 <25 <2.5 <2.5 0
Nonane 24.8 <2.5 <2.5 22 32 <2.5 <25 10
Decane 18.0 <2.5 <2.5 44 33 <2.5 <2.5 20
Undecane 8.9 <2.5 <2.5 11 <2.5 <2.5 <2.5 0
Dodecane 16.1 <2.5 <2.5 17 <2.5 <2.5 <2.5 0
Tridecane 85.5 <2.5 <2.5 39 <2.5 <2.5 <2.5 0
Pentadecane 2.6 <2.5 <2.5 6 <2.5 <2.5 <2.5 0
Cyclohexane 7.7 <2.5 2.8 56 4.2 <2.5 <2.5 10
Methylcyclohexane 3.8 <2.5 <2.5 22 3.7 <2.5 <2.5 20
DCM 16.5 <2.5 2.5 56 11.2 <2.5 1.9 50
Chloroform 29 <2.5 <2.5 11 <2.5 <2.5 <2.5 0
Trichloroethy lene 8.0 <2.5 <2.5 33 13.7 <2.5 <25 40
Tetrachloroethylene 20.5 <2.5 <2.5 28 13.0 <2.5 <2.5 10
Ethyltoluene 13.5 <2.5 <2.5 28 <2.5 <2.5 <2.5 0
1,2,4-TrimethyIbenzene 8.6 <2.5 <2.5 39 2.8 <2.5 <2.5 10
1,2,3-Trimethy lbenzen 2.7 <2.5 <2.5 17 <25 <2.5 <2.5 0
o -Pinene 52.7 <25 11.8 83 <25 <2.5 <25 0
S -Pinene 22.3 <2.5 3.6 61 <2.5 <2.5 <25 0
Limonene 214 <2.5 11.7 89 <2.5 <2.5 <2.5 0
Campher 14.9 <2.5 <2.5 6 <2.5 <2.5 <2.5 0
3-Cerene 18.5 <2.5 <2.5 6 <2.5 <2.5 <2.5 0
DEGBE 7.7 <2.5 <2.5 6 <25 <2.5 <25 0
DEGEE 7.1 <2.5 <2.5 11 <2.5 <2.5 <25 0
PGME’ 136 <25 <25 11 <25 <25 <25 0
D4 5.4 <2.5 <2.5 17 <2.5 <2.5 <2.5 0
D5 67.5 <25 3.4 61 <2.5 <2.5 <25 0
Propionaldehyde 12.3 <5.0 <5.0 11 <5.0 <5.0 <5.0 0
Hexanal 11.5 <5.0 8.9 61 <5.0 <5.0 <5.0 0
Octanal 8.6 <5.0 <5.0 11 <5.0 <5.0 <5.0 0
Nonanal 14.8 <2.5 3.7 50 2.6 <2.5 <2.5 20
Decanal 4.6 <2.5 <2.5 17 <2.5 <2.5 <2.5 0
Formic acid 124 10.2 26.0 100 13.0 <5.0 <5.0 30
Acetic acid 456 63.2 173 100 31.8 <10.0 7.6 50
Temperature (°C) 23.1 16.5 20.9 - 18.8 12.0 16.4 -
Humidity (%) 68.0 31.0 56.5 - 83.6 30.4 54.0 -

p-DCB: p-Dichlorobenzen, TXIB: 2,2,4-Trimethyl-1,3-pentanediol diisobutyrate, DCM : Dichloromethane
DEGBE: Diethylene Glycol M onobutyl Ether, DEGEE: Diethylene Glycol M onoethyl Ether
PGME: Propylene Glycol M onomethyl Ether, D4: Octamethy Icy clotetrasiloxane, D5: Decamethy lcy clopentasiloxane
*Concentration of PGME is a toluene equivalent of the peak area detected at PGME in the chromatogram.
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Table 3. Concentration Ranking of Chemicals in Indoor Air

Chemicals (pg/m>) RI-L  Chemicals (ug/m’) R1-B

Chemicals (ug/m’) R2-L  Chemicals (ugm®)  R2-B

Formic acid 124 Formic acid 78.7
Acetic acid 79.0 Acetic acid 63.2
p-DCB 24.0 p-DCB 36.7
2-Propanol 114 Acetone 15.0
Acetone 10.6 Formaldehyde 5.5

Acetic acid 118 Acetic acid 165

Formaldehyde 36.3 Formic acid 65.1
Acetone 28.0 Formaldehyde 39.5
Formic acid 26.0 Acetone 35.0
Acetaldehyde 21.4  Acetaldehyde 253

Chemicals (ug/m®)  R3-L

Acetic acid 94.2
Tridecane 85.5
Acetone 71.4
Tetradecane 25.2
D5 23.6

Chemicals (ug/m®)  R4-L  Chemicals (ug/m’)  R4-B

Acetic acid 165 Acetic acid 236

Acetone 26.7 Formaldehyde 31.6
Formaldehyde 26.2 Acetone 26.5
DCM 14.2  Formicacid 26.0
Formic acid 13.0 DCM 16.5

Chemicals (ug/m>) R5-L  Chemicals (ug/m’) R5-B

Chemicals (ug/m®) R6-L  Chemicals (ug/m’) R6-B

Acetic acid 249 Acetic acid 180

o -Pinene 52.7 a-Pinene 41.1
Formic acid 52.0 Acetone 37.4
Acetone 38.6 Toluene 24.7
Toluene 25.4 Ethyl acetate 22.6

Acetic acid 379 Acetic acid 219

Acetone 48.4 Acetone 53.8
Formic acid 26.1 Limonene 23.6
Limonene 22.1 Formic acid 15.7
Toluene 21.5 Formaldehyde 15.5

Chemicals (png/m’) R7-L  Chemicals (ug/m’) R7-B

Chemicals (pg/m) R8-L  Chemicals (ug/m’)  R8-B

Acetic acid 389 Acetic acid 373

PGME 136 PGME 62.4
Formic acid 259 @-Pinene 30.6
o.-Pinene 21.1 Formic acid 20.7
Acetaldehyde 15.7 Acetaldehyde 16.4

Chemicals (pg/m®) R9-L

Acetic acid 166

D5 67.5
Acetone 322
Formaldehyde 21.7
Limonene 17.8

Acetic acid 306 Acetic acid 456
2-Propanol 91.5 2-Propanol 408
Formaldehyde 43.5 Formaldehyde 82.8
Limonene 39.6 Acetone 79.1
Formic acid 36.2 Limonene 71.7
Chemicals (ug/m*)  R10-L  Chemicals (ng/m®)  R10-B
Limonene 214 Limonene 180
Acetic acid 113 Acetic acid 133
Acetone 89.1 Acetone 69.2
2-Propanol 60.0 2-Propanol 58.1
Acetaldehyde 40.8 Acetaldehyde 37.1

"R[J-L or B" indicate "Residential number - sampling point (Living or Bedroom)".
p-DCB: p -Dichlorobenzen, PGME: Propylene Glycol 1-M onomethyl Ether, DCM : Dichloromethane,

D5: Decamethy Icy clop entasiloxane
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Fig. 2. Concentrations of Chemicals in Indoor Air at 10 Residences

"RO-L or B" indicate "Residential number - sampling point (Living or Bedroom)".
Guideline : The guideline value is an established substance!, and Formaldehyde and Acetaldehyde aren't included.
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Concentrations and Sources of Chemicals in Residences

Aya ONUKI?, Tokuko TSUNODA?, Mayu HISHIKI? Tomoko OKUBQO?, Ikue SAITOU? Hiroyuki KONISHI?, Takako MORIY ASU?,
Tamami ABEP<, Mari KUMANO¥Y, Michiro MAKIY, and Hirokazu SATO!

In 2016, the concentrations of 77 chemicals, including aldehyde, volatile organic compounds (VOCs), and organic acids, were
measured in the indoor air of 10 residences to characterize the environmental conditions experienced inside these dwellings. In this
study, it was found that only benzene exceeded the value estimated at a guideline (1.7 p g/m?). Apart from benzene, none of the other
measured compounds exceeded the values indicated in the guidelines established by the Health and Welfare Ministry. Acetic acid is one
of the principal compounds detected in indoor air and highest levels were measured in 14 rooms out of a total of 18. Furthermore,
formic acid, tridecane, propylene glycol monomethyl ether, 2-propanol, decamethylcyclopentasiloxane, and limonene were also
detected at relatively high concentrations. It has been suggested that acetic acid and formic acid are generated from polyvinyl acetate
adhesive and tridecane and other VOCs are generated by household products. The total VOCs measured in indoor air in two rooms
exceeded the current provisional target value of 400 ug/m? established by the Health and Welfare Ministry. Furthermore, total
concentrations of the 77 chemicals exceeded 400 pg/m? in 13 rooms. Results obtained in this investigation suggest that levels of total
VOCs (including aldehydes and organic acids) can be used as a good indicator of overall indoor air quality. This assumption is valid

because acetic acid is one of the primary compounds found in the indoor air environment.

Keywords: indoor air, sources of chemicals, volatile organic compounds, acetic acid
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