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1．Introduction
Sick Building Syndrome in housing, called Sick 

house syndrome is various health disorders, such 
as headache, rhinit is , pharyngit is , scinti l lat ing 
scotoma, asthma, dermatitis and dizziness, which 
are mainly caused by chemical substances emitted 
from buildings1）. Poor ventilation in houses, lifestyle 
variation, and changes in chemical substances emitted 
from household products can have a significant 
impact on indoor air pollution. Therefore, continuous 
nationwide surveys of houses are essential for coping 
with sick house syndrome.

The Ministry of Health, Labour, and Welfare of 
Japan （MHLW） has set the guideline values for indoor 
air concentrations （IAQ guidelines） for 13 chemical 
substances, including formaldehyde, and provisional 

target values for total volatile organic compounds 
to prevent health deterioration due to indoor air 
pollution2-3）. IAQ guidelines are founded on the latest 
scientific knowledge and the regulatory status in other 
countries, additional changes can be made if necessary.

Recently , three chemicals , 2 -ethyl -1 -hexanol , 
2,2,4-trimethyl-1,3-pentanediol monoisobutyrate （TPMI）, 
and 2,2,4-trimethyl-1,3-pentanediol diisobutyrate 

（TPDI）, have been proposed as candidate substances 
for IAQ guidelines by the Committee on Sick House 
Syndrome: Indoor Air Pollution4）, based on toxicological 
reports on 2-ethyl-1-hexanol for human sensory 
organs5） and eye irritation6）, TPMI for skin irritation7） 
and chronic toxicity8）, and TPDI for general toxicity9）. 
Additional scientific evidence is required to set IAQ 
guidelines for these candidates.

Previously, we have investigated the pollution 
levels of three candidates at new office building of the 
National Institute of Health Sciences for three years 
and have reported to suggest the seasonal periodicity 
of 2-ethyl-1-hexanol and TPDI10）. However, the pollution 
level at general residential housing in Japan is 
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unknown.
In this survey, we focused on 2-ethyl-1-hexanol, 

TPMI, and TPDI as measurement targets , and 
investigated indoor air pollution status at houses 
across the country, as well as seasonal variations in 
these pollution levels.

2．Materials and Methods
2．1　Surveyed Houses and Survey Period

A survey was conducted at 28 randomly selected 
general residential housings across the country during 
the summer （July–August 2017）, autumn （September–
October 2017）, winter （December 2017–January 2018）, 
and spring （February–March 2018）. The sampling 
map in Japan was shown in Fig. 1. Informed consent 
was obtained from all survey participants. Their 
personal data were strictly controlled, and the survey 
results and the participants’ personal data were 
unconnectedly analyzed in anonymized form.

2．2　Sampling Methods
The survey was conducted following the “Manual 

for Measuring Indoor Air Chemical Substances” set by 
MHLW11）. Briefly, active sampling method was used 

to collect indoor and outdoor air samples. Tenax TA 
SafeLokTM stainless steel thermal desorption tubes 

（Markes International Ltd., England, UK） were used 
for the sampling. Before sampling the air, the tubes 
were attached to TC-20 （Markes International Ltd., 
England, UK）, heated at 100℃ for 1 h, then at 300℃ 
for 2 h, aerating with helium at 50 mL/min. According 
to the “Manual for Measuring Indoor Air Chemical 
Substances”, the air collection time for sampling was 
24 h while everyday life was going on. Two air samples 
were collected from the living room at 2 mL/min for 
24 h （2.88 L） using an SP208-20 Dual II （GL Sciences 
Inc., Tokyo, Japan）. Using a GSP-400FT （GASTEC 
Corporation, Kanagawa, Japan）, one air sample was 
collected from outside the house in an equal volume 
of indoor air （2.9 L） at 50 mL/min for 58 min. The 
sampling start time was not specified. The height from 
the floor where the air samples were collected was 
specified as 1.2–1.5 m. Outdoor and indoor air samples 
were collected at the same time. The indoor air 
sampling pump records were observed, and samples 
below 90% of the target collection volume （2.88 L） due 
to high-frequency pulsating current were taken as 
missing data.

Fig. １ ．Sampling�Map�in�Japan.
The�Blue�area�indicates�the�location�of�air�collection�by�prefecture.
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2．3　Analytical Methods
Thermal desorption （TD）-GC/MS was used to 

measure volatile organic compounds using TD-20 and 
GCMS-QP2010 Ultra （Shimadzu Co., Kyoto, Japan）. 
The main measurement conditions were as follows. 
Targeted compounds were measured using Fast 
Automated Scan/Selected Ion Monitoring （SIM） Type, 
which switches between scan mode and SIM mode at 
high speed, and quantified based on internal standard 
methods using toluene-d8 . The concentration range of 
the calibration curve was 0.5–100 ng. Values below the 
lower limit of the calibration curve （0.17 μg/m3） were 
counted as 0. TPMI was quantified as the overlapping 
peaks of two isomers. The details of the measurement 
conditions were as follows.

［Thermal Desorption］
Desorption: 300℃, 8 min, 50 mL/min
Cold Trap: −20℃
Trap Desorption: 280℃, 5 min
Line and Valve Temperature: 250℃

［GC］
Column: Rtx®-1 （0.32 mm i.d. × 60 m, 1 µm）
Carrier Gas: He, 40 cm/s at constant linear velocity
Split Ratio: 20:1
Oven Temperature: 40℃−（5℃/min）−280℃ （4 min）

［MS］
Interface Temperature: 250℃
Ion Source Temperature: 200℃
Scan Range: m/z 35–400
Scan Rate: 10 Hz

Target and qualifier ions are as follows.
2-Ethyl-hexanol : m/z 57 （target ion）, m/z 41, 43 

（qualifier ion）
TPMI: m/z 71 （target ion）, m/z 43, 56 （qualifier ion）
TPDI: m/z 71 （target ion）, m/z 43, 56 （qualifier ion）
Toluene-d8 : m/z 98 （target ion）, m/z 70, 100 （qualifier 
ion）

3．Results and Discussion
3．1　Surveyed houses

28 houses were surveyed four times a year （112 
houses in total）. There were 17 detached houses and 
10 multifamily houses （one unknown）. Among the 17 

detached houses with a known completion date, 8 had 
completed the construction before the revision of the 
Japanese Building Standards Law （before June 2003）, 
whereas 9 houses were completed after the revision 

（after July 2003）.

3．2　2-Ethyl-1-hexanol
The indoor 2-ethyl-1-hexanol concentrations were 

the highest in summer, with a maximum concentration 
of 42.31 µg/m3 and a 95th percentile concentration of 
20.88 µg/m3. The median indoor concentration was 
the highest （6.30 µg/m3） in summer and the lowest 

（1.95 µg/m3） in winter. Follin T. reported indoor 
2-ethyl-1-hexanol concentrations of 1–86 µg/m3 in 
150 rooms of an apartment building12-13）, supporting 
the results of this survey. 2-Ethyl-1-hexanol was 
reported to show a seasonal periodicity10, 13-14）, with 
low concentrations in the cold season followed by high 
concentrations in the hot season. This is because that 
compounds with 2-ethylhexyl groups, such as DEHP, 
were decomposed by the strong alkaline moisture 
in the concrete and the rise in outside temperature 
and humidity15）. In this survey, 2-ethyl-1-hexanol 
concentrations were high in the hot season and low 
in the cold season （Fig. 2A）, supporting previous 
reports on the seasonal periodicity of 2-ethyl-1-hexanol. 
Furthermore, 2-ethyl-1-hexanol was detected in all of 
the houses.

To evaluate the inf luence of outdoor a ir , the 
indoor to outdoor concentrations ratios （I/O ratio） 
were calculated, resulting in the I/O ratios of all 
houses being >1 in four measurements （Fig. 2B）. 
Furthermore, the median indoor concentrations 
were higher than outdoor concentrations in four 
measurements. These findings indicated that the 
pollution sources of 2-ethyl-1-hexanol originated from 
indoors, such as carpets16-17）, computers18）, books19-20）, 
food wrappings21）, cosmetics22）, bedding products23）, 
gypsum boards24）, wall papers25）, paints26）, polyvinyl 
chloride floorings27）, and adhesives28）.

3．3　TPMI
The indoor TPMI concentrations were the highest 

in summer , wi th a max imum concentrat ion o f 
86.37 µg/m3 and a 95th percentile concentration of 
53.14 µg/m3. The median concentrations were 6.46 µg/
m3 in summer, 5.06 µg/m3 in autumn, 2.90 µg/m3 in 
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winter, and 2.80 µg/m3 in spring （Fig. 3A） indicating 
a seasonal change with high concentrations during 
the hot season. The cause of the high indoor TPMI 
concentrations in the summer was considered to be 
the accelerated hydrolysis of TPDI due to the higher 
outdoor temperatures. TPMI was detected in all 28 
houses. I/O ratios of all houses were greater than 1 
in four measurements （Fig. 3B）, revealing that the 
pollution sources of TPMI originated from indoors, 
such as latex paint29-30）.

3．4　TPDI
Indoor TPDI concentrations were the highest in 

summer, with a maximum concentration of 87.64 µg/
m3 and a 95th percentile concentration of 32.08 µg/
m3. TPDI was detected in almost all of the houses （98 
houses/112 houses = 88%） （Fig. 4A）. The median of 
indoor concentration was the highest （1.52 µg/m3） in 
summer and lowest （0.53 µg/m3） in winter, supporting 
our previous study on the seasonal periodicity of 
TPDI10）.

Fig. 2 ．Survey�results�for�2-ethyl-１-hexanol.
A;�Outdoor�and�indoor�concentration�distribution.�The�median�values�are�represented�by�the�black�bars.�
B;�Correlation�between�outdoor�and�indoor�concentrations.
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I/O ratios of TPDI were calculated, resulting that 
the number of houses with indoor concentrations 
higher than outdoor concentrations （I/O ratio > 1） 
was 28 （100.0%） in summer, 28 （100.0%） in autumn, 28 

（100.0%） in winter, and 25 （89.3%） in spring （Fig. 4B）. 
Therefore, the pollution sources of TPDI were also 
detected indoors such as polyvinyl chloride materials27）.

Japanese IAQ guidelines are set so that, according 
to currently available scientific knowledge, no adverse 

health effects would be expected to occur in humans 
even if exposures to the chemicals at the levels 
decided to continue throughout life4）. Furthermore, 
the IAQ guidelines should be reviewed regularly to 
ensure the safety of constantly changing the IAQ. 
Therefore, it is essential to conduct nationwide 
surveys that can monitor the IAQ of houses. In this 
survey, we investigated the indoor air in the same 
house four times throughout the year. Because these 
chemicals have been used in various materials such as 

Fig. 3 ．Survey�results�for�TPMI.
A;�Outdoor�and�indoor�concentration�distributions.The�median�values�are�represented�by�the�black�bars.�
B;�Correlation�between�outdoor�and�indoor�concentrations.
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paints, plasticizers and household products, and were 
detected in almost all of the houses, three candidates 
can be considered persistent indoor pollutants. These 
chemicals should be closely monitored in the future.

4．Conclusion
In this study, we investigated the pollution levels 

of three candidates in 28 houses throughout the year, 
including 2-ethyl-1-hexanol, TPMI, and TPDI which 
are potential chemicals for health risks. This survey 

revealed that three chemicals were detected in almost 
all of the houses, and that these pollution sources 
originated indoors. These results provide valuable 
scientific evidence for properly setting new IAQ 
guidelines.

Acknowledgements
The authors would like to gratefully acknowledge 

the following 26 research institutions: Hokkaido 
Institute of Public Health, Aomori Prefecture Public 

Fig. 4 ．Survey�results�for�TPDI.
A;�Outdoor�and�indoor�concentration�distributions.�The�median�values�are�represented�by�the�black�bars.�
B;�Correlation�between�outdoor�and�indoor�concentrations.



46 国 立 医 薬 品 食 品 衛 生 研 究 所 報 告 第140号（2022）

Health and Environment Center, the Research Institute 
for Environmental Sciences and Public Health of Iwate 
Prefecture, Miyagi Prefectural Institute of Public 
Health and Environment, Saitama Institute of Public 
Health, Chiba Prefectural Institute of Public Health, 
Chiba City Institute of Health and Environment, Tokyo 
Metropolitan Institute of Public Health, Kanagawa 
Prefectural Institute of Public Health, Yokohama 
City Institute of Health, Kawasaki City Institute for 
Public Health, Niigata Prefectural Institute of Public 
Health and Environmental Sciences, Toyama Institute 
of Health, Yamanashi Institute for Public Health, 
Shizuoka Institute of Environment and Hygiene, Aichi 
Prefectural Institute of Public Health, Nagoya City 
Public Health Research Institute, Shiga Prefectural 
Institute of Public Health, Kyoto Prefectural Institute 
of Hygienic and Environmental Sciences, Osaka 
Institute of Public Health, Osaka City Research Center 
of Environmental Science, Kobe Institute of Health, 
Hiroshima Prefectural Technology Research Institute, 
Public Health and Environment Center, Kochi Public 
Health and Environmental Science Research Institute, 
Fukuoka City Institute for Hygiene and Environment, 
Ok inawa Pre f e c tu ra l I n s t i t u t e o f Hea l th and 
Environment.

We would like to thank Enago （www.enago.jp） for 
English language editing.

References
1 ） World Health Organization. 1989. “Indoor air 

quality: organic pollutants.” Report on a WHO 
Meeting, Berlin, 23-27 August 1987.

2 ） MHLW. 2000. Notice of the Director General of 
Pharmaceutical and Food Safety Bureau, Indoor 
air quality guidelines and standard measurement 
methods for chemical substances in indoor air （30 
Jun）, Notification No. 1093. https://www.mhlw.
go.jp/web/t_doc?dataId=00ta5192&dataType=1&
pageNo=1, Accessed date, 11 March 2022.

3 ） MHLW. 2019. Notice of the Director General of 
Pharmaceutical Safety and Environmental Bureau, 
Guideline values of chemical substances in indoor 
air （17 January）, Notification No. 0117（1）. https://
www.mhlw.go.jp/web/t_doc?dataId=00tc3866&d
ataType=1&pageNo=1, Accessed date, 11 March 
2022.

4 ） Azuma K, Jinno H, Tanaka-Kagawa T, Sakai S: 

Int. J. Hyg. Environ. Health 2020;225:113470. doi: 
10.1016/j.ijheh.2020.113470

5 ） Miyake M, Ito Y, Sawada M, Sakai K, Suzuki H, 
Sakamoto T, Sawamoto K, Kamijima M: Arch. 
Toxicol. 2016;90:1949-1958. doi: 10.1007/s00204-016-
1699-6

6 ） Kiesswetter E, Thriel C, Schäper, M, Blaszkewicz 
M, Seeber A: Environ. Toxicol. Pharmacol . 
2005;19:531-541. doi: 10.1016/j.etap.2004.12.056

7 ） OECD SIDS: TEXANOL CASN: 25265-77-4
8 ） D B - 2 8 , 2 , 2 , 4 - T r i m e t h y l - 1 , 3 - p e n t a n e d i o l 

monoisobutytate, Provisional Hazard Assessment 
Sheet for Health Effects of Chemicals, Volume 9, 
Ministry of the Environment （2011）. https://www.
env.go.jp/chemi/report/h23-01/pdf/chpt2/2-2-2-28.
pdf Accessed date, 26 April 2022.

9 ） OECD SIDS Doss i e r （2 , 2 , 4 -Tr imethy l - 1 , 3 -
pentanediol diisobutyrate CAS No: 6846-50-0）

10） Oshima N, Takahashi N, Takagi M, Tahara M, 
Sakai S, Ikarashi Y: Bull. Natl. Inst. Health Sci. 
2021;139:59-63.

11） MHLW. 2001. Manual for Measuring Chemical 
Substances in Indoor Air. Committee on Sick 
House Syndrome: Indoor Air Pollution, Ministry of 
Health, Labour and Welfare, Japan （in Japanese）. 
At t achment 3 . h t tp s : / /www.mh lw .go . j p/
houdou/0107/h0724-1c.html, Accessed date, 11 
March 2022.

12） Follin T: Proceedings of the 7th International 
Conference on Indoor Air Quality and Climate., 
1996;65-70

13） Wakayama T, Ito Y, Sakai K, Miyake M, Shibata E, 
Ohno H, Kamijima M: J. Occup. Health, 2019;61:19-
35. doi: 10.1002/1348-9585.12017

14） Saka i K , Kam i j ima M , Sh i ba t a E , Ohno H , 
Nakajima T: Japan. J. Environ. Monit. 2009;11:2068-
2076. doi:10.1039/B610981K

15） Norbäck D, Wieslander G, Nordström K, Wålinder 
R: Int J Tuberc Lung Dis. 2000;4:1016-1025.

16） Hodgson AT, Wooley JD, Daisey JM: J Air Waste 
Manage 1993;43 :316-324. doi :10 .1080/107316
1X.1993.10467136

17） Fang L, Clausen G, Fanger PO: Indoor Air , 
1999;9:193-201. doi: 10.1111/j.1600-0668.1999.t01-1-
00006.x

18） Bako-Biro Z, Wargocki P, Weschler CJ, Fanger 
PO: Indoor Air, 2004;14:178-187. doi: 10.1111/j.1600-



47室内濃度指針値候補物質の全国実態調査

0668.2004.00218.x
19） Lattuat i -Der ieux A, Bonnass ies -Termes S , 

Lavédrine B: J. Chromatogr. A 2004;1026:9-18. doi: 
10.1016/j.chroma.2003.11.069

20） Gibson LT, Ewlad-Ahmed A, Knight B, Horie V, 
Mitchell G, Robertson CJ: Chem. Cent. J. 2012;6:42. 
doi: 10.1186/1752-153X-6-42

21） Panseri S, Chiesa L, Zecconi A, Soncini G, De 
Noni I: Molecules, 2014;19:8707-8724.  doi:10.3390/
molecules19078707

22） McGinty D, Scognamiglio J, Letizia CS, Api AM: 
Food Chem. Toxico. 2010;48:S115-S129. doi: 10.1016/
j.fct.2010.05.042

23） Osh ima N , Tahara M , Saka i S , Ikarash i Y : 
BPB Repor t s , 2021 ;4 : 182 -192 . do i : 10 . 1248/
bpbreports.4.6_182

24） Claeson AS, Sandstrom M, Sunesson AL: J. 
Environ. Monitor. 2007;9:240-245. doi:10.1039/

b614766f
25） Katsumata H, Murakami S, Kato S, Hoshino K, 

Ataka Y: Build. Environ., 2008;43:378-383. doi: 
10.1016/j.buildenv.2006.03.027

26） Wal J , Hoogeveen A , Wouda P : Indoor Air 
1997;7:215-221. doi: 10.1111/j.1600-0668.1997.t01-1-
00007.x

27） Järnström H, Saarela K, Kalliokoski P, Pasanen 
A-l: Environ. Int. 2008;34:420-427. doi: 10.1016/
j.atmosenv.2006.06.021

28） Chino S, Kato S, Seo J, Ataka Y: Build. Environ. 
2009;44:1337-1342. doi:10.1016/j.buildenv.2008.07.003

29） Kobayashi S, Takeuchi S, Kojima H, Takahashi T, 
Jin K, Akitsu H, Isaji S: Indoor Environ. 2010;13:39-
54. doi: 10.7879/siej.13.39

30） Lin CC, Corsi RL: Atmos. Environ. 2007;41:3225-
3234. doi: 10.1016/j.atmosenv.2006.07.057


