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MBETHH OIS BURELIC B 5 EPMLEY TG 0 FHE
FIELD INVESTIGATION ON INDOOR CHEMICAL POLLUTION
IN TEMPORARY HOUSES IN SENDAI CITY

#OEMT FE BT RAI R

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 ug/m®.

Keywords : Indoor air quality, Volatile organic compounds, Temporary house
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Table 1 Outline of temporary houses measured in this study

Heating appliance | Measurement
D | Room layout | Type Stove A/IC  [Summer Winter
2 2DK 2 o
3,23 | 2DK+2DK 2 o
4 2DK 2 o o o
6 2DK 2 o
8 2DK 2 o
9 2DK 2 o o o
21 2DK 2 o
22 2DK 2 o o
25 2DK 2 o o
26 2DK 2 o o
29 2DK 2 o
36 2DK 2 o o o
44 2DK 2 o
45 2DK 2 o
49 2DK 2 o
53 2DK 2 o
58 2DK 2 o o o
60 2DK 2 o
63 2DK 2 o
64 2DK 2 o
65 2DK 2 o o o
66 2DK 2 o o o
76 2DK 1 o o o
78 2DK 1 o o o
79 1DK 1 o
81 1DK 1 o
83 2DK 1 o
89 1DK 1 o o
91 3K 1 o
102 2DK 2 o
103 2DK 2 o
111 2DK 1 o
115 3K 1 o
117 1DK 1 o
118 2DK 1 o o o
122 2DK 1 o
127 2DK 1 o
130 2DK 1 o
133 2DK 1 o
146 3K 1 o

AWiE, DNPH 71— kU » 22k v 1 L/min. T 30 5L itk %
ATV, SRR HPLC ISk v ot LTz, E£72, Z oo VOC &
O AR SVOC 1220 T, TenaxTA % VT 0.1 L/min. T 30 45 f
FEDFEEATV, BB TE T GCIMS I8 A L, 4547 L7z, TVOC
EEIE, AARBEZAELE NN, ~FPonbAaF YT F
THRHSNEE—7 OG5 % b U R L CHRIBLE, 2, &
BETICENZNOHIX TIXHRAR 1 & THKOME BT 7,

N AFLANFIZEEND SVOC IZOWTHHMEEI T2, N
AL AN OREUTHOWTUE, fBREE XV EHERA 2 A A
WAL, RO OERE PR L@@ Rk L, KEEO
JERNCEB VTR 2m? & 2 0IREORI ATV, 63 um D5D 0 E D)
J7ot%, NURAL A O ER RS, ZEOMEFICAN, A
FAEE T GCIMS ITEA L, b7,

3. EAER
3.1 ENZERH VOCIRE
Table 2 (Z4COFHMEICH T 2 EAETTEE THEMEL L ORS



Table 2 Minimum, mean and maximum concentrations of VOCs

Unit [pug/m?]

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
a-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.

nTwnsb Vo K1Y, a-Exy, d-UERY, 2-ZF)b-1-~FH )
—/b, TVOC R D/ M, MK G KME %279, ZhTho
WHEOWREEHEIL, FHEHEL KX TR TS 00, Tk

FT7ATFE R, p-Y7uouaxrPr, FhIFHACONTITES
a @ L, RMEWIREOHMENRH o7, TVOC O EIC
DWTIE, i HEE 400 pg/m* 2 K& < RFEDRER L RoT-, £
7, Fig.l 2B Wi, EFHICB T 2EAFBHE RSN TVND
VOCBEEZFEOTHE LTELELDTH D (X x @i EH:(S),
A (W) ERFD . ZOROTIL, BRFEEEERL, KRN
Tb 10, 25, 50, 75, 90 S—E XA AR E LTS (BIBEDOX
THRERICER), p-Y7ua_r¥y, FEIFH o0 T,
B LR COEAEORERSVMER Th o7z, p-¥ 7 mruy
Tz oWTIE, @R TIER <, Al ERAEFE O HIAR
WCEDRAEWRTHD Z EnD, FEICL > TRENEFICHNE Z
ANRBDHIRE, RBENKELS RofctBZBxbhd, £, 7877
A OFER L LTI, BEREREZEZ LR TN,

Fig2 [Ca-E X%y, d-UEXY, 22-FL-1-~FH% ) — LD EH
FOEMIZBT2IREEZTT, a-t2Y, d-UERXITONTIT,
T RTATE REFRICAM AR ENORETLIWETHY, o
VOC LWL CH @Ml R LTz, £o T, TN AT L KO
FEO@E Mo B M E LT, SRR CHRMEOM M, WNEET
FERENTVWDIRMBRAERE R, ENREELZEDTND I EN
Ezbb, B, RAYIEETDa-EXY, d-UEXR U OEEHE
2200 ug/m®, 1000 pgim* THHZ EnD, —HOEETOR
COWEEBEL T\, £72, 222 F-1-FH ) — LD
LLT, HbE =T EENTW D AR OGS K D F AN
HMBENTVWER D, BERLICHETENTHWAHLE =V E Y — b
RENEBLTHRHLTWAZ EbEX NS, FAVIZBWTIX
2-TF JL-1-nF Y ) — L DFEEHE 1 LT 100 pg/m® AR S TR
D, PEELS DJFETIORELIY bEVWETH 72,

HH R OL M ORE 2 k32 &, BB CTRE ESIC X
DIEEOEND, AN E O T HIBEMRK ZIT DRV DA
OB DI L DWEORMN RIAEN D, I TFHRE DR
WEELELT, p-Y7uaxvBr, FRITFTHY, a-ERy, 2-
TFN-l-~FY ) =L Thotz, Wi, d-UEFR, TVOCIE, E
MED BAWOTNEL 2> TBY, WHIZLVEMARRSZ &
Noinol,
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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.4 SVOC concentrations in summer and winter
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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 a-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 pg/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 pg/m? 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 a-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 pg/g. In the previous survey of the 30 apartments
and kindergartens, an average DBP was 55.6 ng/g, and DEHP was 775.5 ng/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.

(2016 4F 6 H 8 HIEAE2HE, 2016 45 7 A 26 HERMHE)
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