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FIELD INVESTIGATION ON INDOOR CHEMICAL POLLUTION  
IN TEMPORARY HOUSES IN SENDAI CITY 
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Naoki KAGI, Hiroshi YOSHINO, Kenichi HASEGAWA, U YANAGI, Kenichi AZUMA and Haruki OSAWA 
 

 

The Great East Japan Earthquake had occurred on March 11th in 2011. There were serious damages in Tohoku and Kanto district, 

especially seaside cities of the Pacific Ocean in Tohoku district by tsunami. Many people in these areas had lost their houses and 

more than fifty thousand temporary houses were built in three prefectures of the Tohoku district. Several problems, such as indoor 

thermal environment and indoor air quality as well as sound environment problems might be occurred in temporary houses. 

This study aimed to investigate the indoor air quality, especially indoor volatile organic compound (VOC) concentrations in the 

temporary residential houses. In summer in 2011 and winter in 2012, measurements have been conducted in the temporary houses 

in Sendai and measuring results were compared with guideline value in Japan. As a result, total VOC (TVOC) concentrations in the 

most houses were over tentative guideline value in Japan, 400 µg/m3. 

 

Keywords : Indoor air quality, Volatile organic compounds, Temporary house 

  

     *   Associ. Prof., Tokyo Institute of Technology, Dr. Eng. 

    **   President-appointed Extraordinary Professor., Tohoku University, Dr. Eng. 

   ***   Prof., Akita Prefectural University, Dr. Eng. 
  ****  Prof., Kogakuin University, Dr. Eng. 

 *****  Associ. Prof., Kindai University, Dr. Eng. 

******  Chief Researcher, National Institute of Public Health, Dr. Eng. 

1.  

Volatile Organic Compounds: VOC

1996

13 TVOC

2003

24

4,000

1)

2) 2000 6

 

2011

23 1

 

24

 

 

 

 

 

 
 

FIELD INVESTIGATION ON INDOOR CHEMICAL POLLUTION  
IN TEMPORARY HOUSES IN SENDAI CITY 

 
* ** *** **** ***** ****** 

Naoki KAGI, Hiroshi YOSHINO, Kenichi HASEGAWA, U YANAGI, Kenichi AZUMA and Haruki OSAWA 
 

 

The Great East Japan Earthquake had occurred on March 11th in 2011. There were serious damages in Tohoku and Kanto district, 

especially seaside cities of the Pacific Ocean in Tohoku district by tsunami. Many people in these areas had lost their houses and 

more than fifty thousand temporary houses were built in three prefectures of the Tohoku district. Several problems, such as indoor 

thermal environment and indoor air quality as well as sound environment problems might be occurred in temporary houses. 

This study aimed to investigate the indoor air quality, especially indoor volatile organic compound (VOC) concentrations in the 

temporary residential houses. In summer in 2011 and winter in 2012, measurements have been conducted in the temporary houses 

in Sendai and measuring results were compared with guideline value in Japan. As a result, total VOC (TVOC) concentrations in the 

most houses were over tentative guideline value in Japan, 400 µg/m3. 

 

Keywords : Indoor air quality, Volatile organic compounds, Temporary house 

  

     *   Associ. Prof., Tokyo Institute of Technology, Dr. Eng. 

    **   President-appointed Extraordinary Professor., Tohoku University, Dr. Eng. 

   ***   Prof., Akita Prefectural University, Dr. Eng. 
  ****  Prof., Kogakuin University, Dr. Eng. 

 *****  Associ. Prof., Kindai University, Dr. Eng. 

******  Chief Researcher, National Institute of Public Health, Dr. Eng. 

1.  

Volatile Organic Compounds: VOC

1996

13 TVOC

2003

24

4,000

1)

2) 2000 6

 

2011

23 1

 

24

 

 

 

 

 

 
 

FIELD INVESTIGATION ON INDOOR CHEMICAL POLLUTION  
IN TEMPORARY HOUSES IN SENDAI CITY 

 
* ** *** **** ***** ****** 

Naoki KAGI, Hiroshi YOSHINO, Kenichi HASEGAWA, U YANAGI, Kenichi AZUMA and Haruki OSAWA 
 

 

The Great East Japan Earthquake had occurred on March 11th in 2011. There were serious damages in Tohoku and Kanto district, 

especially seaside cities of the Pacific Ocean in Tohoku district by tsunami. Many people in these areas had lost their houses and 

more than fifty thousand temporary houses were built in three prefectures of the Tohoku district. Several problems, such as indoor 

thermal environment and indoor air quality as well as sound environment problems might be occurred in temporary houses. 

This study aimed to investigate the indoor air quality, especially indoor volatile organic compound (VOC) concentrations in the 

temporary residential houses. In summer in 2011 and winter in 2012, measurements have been conducted in the temporary houses 

in Sendai and measuring results were compared with guideline value in Japan. As a result, total VOC (TVOC) concentrations in the 

most houses were over tentative guideline value in Japan, 400 µg/m3. 

 

Keywords : Indoor air quality, Volatile organic compounds, Temporary house 

  

     *   Associ. Prof., Tokyo Institute of Technology, Dr. Eng. 

    **   President-appointed Extraordinary Professor., Tohoku University, Dr. Eng. 

   ***   Prof., Akita Prefectural University, Dr. Eng. 
  ****  Prof., Kogakuin University, Dr. Eng. 

 *****  Associ. Prof., Kindai University, Dr. Eng. 

******  Chief Researcher, National Institute of Public Health, Dr. Eng. 

仙台市内の応急仮設住宅における室内化学物質汚染の実態
FIELD INVESTIGATION ON INDOOR CHEMICAL POLLUTION  

IN TEMPORARY HOUSES IN SENDAI CITY

鍵   直 樹＊，吉 野   博＊＊，長谷川 兼一＊＊＊， 
柳   宇＊＊＊＊，東   賢 一＊＊＊＊＊，大 澤 元 毅＊＊＊＊＊＊

Naoki KAGI, Hiroshi YOSHINO, Kenichi HASEGAWA,  
U YANAGI, Kenichi AZUMA and Haruki OSAWA

　　　　　＊　�東京工業大学 准教授・博士（工学）
　　　　＊＊　�東北大学 総長特命教授・工博
　　　＊＊＊　�秋田県立大学 教授・博士（工学）
　　＊＊＊＊　�工学院大学 教授・博士（工学）
　＊＊＊＊＊　�近畿大学 准教授・博士（工学）
＊＊＊＊＊＊　�国立保健医療科学院 主任研究官・博士（工学）

Assoc. Prof., Tokyo Institute of Technology, Dr.Eng.
President-appointed Extraordinary Prof., Tohoku University, Dr.Eng.
Prof., Akita Prefectural University, Dr.Eng.
Prof., Kogakuin University, Dr.Eng.
Assoc. Prof., Kindai University, Dr.Eng.
Chief Researcher, National Institute of Public Health, Dr.Eng.

日本建築学会環境系論文集 第81巻 第729号，979-985， 2016年11月
J. Environ. Eng., AIJ, Vol. 81 No. 729, 979-985, Nov., 2016

DOI http://doi.org/10.3130/aije.81.979
【カテゴリーⅡ】�

─ 979 ─



3) 4)

5
5) 6)

7) 8,9)  

VOC

Semi Volatile Organic Compound: SVOC

 

 

2.  

2.1  

Table 1

40 17

1

2  2 1

1

2011 7 10 2012 3

2

Type 1

Type 2

VOC

Table 1  

2.2  

VOC 30

24

 

DNPH 1 L/min. 30

HPLC VOC

SVOC TenaxTA 0.1 L/min. 30

GC/MS TVOC
10)

1  

SVOC

2m2 2 63 µm

GC/MS  

 

3.  

3.1 VOC  

Table 2

Table 1 Outline of temporary houses measured in this study 

Stove A/C Summer Winter
2 2DK 2 ○

3,23 2DK 2DK 2 ○
4 2DK 2 ○ ○ ○
6 2DK 2 ○
8 2DK 2 ○
9 2DK 2 ○ ○ ○

21 2DK 2 ○
22 2DK 2 ○ ○ ○
25 2DK 2 ○ ○ ○
26 2DK 2 ○ ○ ○
29 2DK 2 ○
36 2DK 2 ○ ○ ○
44 2DK 2 ○
45 2DK 2 ○
49 2DK 2 ○
53 2DK 2 ○
58 2DK 2 ○ ○ ○
60 2DK 2 ○
63 2DK 2 ○
64 2DK 2 ○
65 2DK 2 ○ ○ ○
66 2DK 2 ○ ○ ○
76 2DK 1 ○ ○ ○
78 2DK 1 ○ ○ ○
79 1DK 1 ○
81 1DK 1 ○ ○ ○
83 2DK 1 ○ ○ ○
89 1DK 1 ○ ○ ○
91 3K 1 ○
102 2DK 2 ○
103 2DK 2 ○
111 2DK 1 ○ ○ ○
115 3K 1 ○ ○ ○
117 1DK 1 ○
118 2DK 1 ○ ○ ○
122 2DK 1 ○
127 2DK 1 ○
130 2DK 1 ○
133 2DK 1 ○
146 3K 1 ○

Heating appliance MeasurementID Room layout Type
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Fig.1 VOC concentrations in summer and winter 
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Fig.2 Concentrations of other VOCs in summer and winter 
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Fig.3 Excess rates of guideline values of VOCs 

Table 2 Minimum, mean and maximum concentrations of VOCs 

Unit [µg/m3] 

Guideline Min. Mean Max.
Formaldehyde 100 n.d. 22.0 66.6
Acetaldehyde 48 n.d. 21.7 87.3
Toluene 260 3.8 68.6 276.3
Ethylbenzene 3800 2.7 16.2 109.7
Xylene 870 3.5 19.0 162.8
Styrene 220 n.d. 18.7 96.7
p-dichloro Benzene 240 n.d. 175.5 699.8
Tetradecane 330 n.d. 60.6 493.1
α-Pinene n.d. 88.6 810.4
2-ethyl-1-Hexanol n.d. 92.8 307.9
d-Limonene n.d. 95.1 563.1
TVOC 400* 263.2 1942.0 8923.7
*Tentative guideline for TVOC
n.d.: Not detected.  
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a) Airborne SVOC b) House-hold dust 

Fig.4 SVOC concentrations in summer and winter 
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Fig.6 VOC concentrations with house types 
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Fig.6 VOC concentrations with house types 
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The Great East Japan Earthquake had occurred on March 11th in 2011. There were serious damages in Tohoku and 

Kanto district, especially seaside cities of the Pacific Ocean in Tohoku district by tsunami. Many people in these areas 
had lost their houses and more than fifty thousand temporary houses were built in three prefectures of the Tohoku 
district. Several problems, such as indoor thermal environment and indoor air quality as well as sound environment 
problems might be occurred in temporary houses. 

This study aimed to investigate the indoor air quality, especially indoor VOC (volatile organic compound) 
concentrations in the temporary residential houses. In summer in 2011 and winter in 2012, measurements have been 
conducted in the temporary houses in Sendai and measuring results were compared with guideline value in Japan. 

As a result, the mean concentrations were much less than the guideline values, however acetaldehyde, p-dichloro 
benzene and tetra-decane concentrations in some rooms exceeded the guideline values. Since p-dichloro benzene was 
emitted from moth-repellent that the residents used, the concentrations in the houses using moth-repellent might 
become at high level. The α-pinene and d-limonene are emitted from wood materials along with acetaldehyde. 
Therefore, the reason why the acetaldehyde concentrations were high in indoor air was the emission from woods used 
as construction and interior materials in the temporary houses. One of the sources of 2-ethyl-1-hexanol in indoor 
environments is the chemical reaction of the plasticizer contained in vinyl chloride materials. Since the vinyl chloride 
sheets were used at kitchen floorings in some temporary houses, 2-ethyl-1-hexanol was detected in the specific houses.   

TVOC concentrations in every temporary houses exceeded the tentative guideline, 400 μg/m3. Since only about 65% 
residents of the temporary houses did not generally use the ventilation fans of the toilet or bathroom from the other 
previous survey, the necessary ventilation air volumes in houses were usually not enough. The acetaldehyde exceeded 
ratio for the temporary houses was higher than one of the previous survey of newly built houses. The mean TVOC 
concentration of about 2000 μg/m3 showed higher compared with the tentative guideline value. The shortage of 
ventilation air volume could be also one of the reasons that the TVOC concentrations were high in the temporary 
houses. The TVOC in the temporary houses contained not only terpens, such as α-pinene and d-limonene, but also the 
aromatic hydrocarbons, aliphatic hydrocarbons and other many kinds of compounds.  

The mean DEHP concentration in house-hold dust was about 2000 μg/g. In the previous survey of the 30 apartments 
and kindergartens, an average DBP was 55.6 μg/g, and DEHP was 775.5 μg/g. While DBP concentration was at same 
level, DEHP was much higher than the previous study. Various materials, such as wooden flooring, tatami, and PVC 
sheet, are used in the temporary houses, and there were various sources of SVOC. The SVOC concentration in settled 
dust in the temporary houses could be affected by not only the emission source of interior materials but also the 
duration of exposure and frequency of cleaning on floorings.  
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