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BRAEEESH(N) 576 428 278 318 337 360
REFE(%) 98.3 815 71.7 694 68.1 63.2
g < 338 329 626 525 26.7 39.0
F 23 356 380 284 428 436  33.7
%) 46 305  29.1 9.0 47 29.7 27.3
£ 1-2 207 252 281 167 20.5 23.1
g 3-4 63.9 51.2 486 644 533 56.8
(%) =5 153 236 234 189 262 201

Kishi et al., Indoor Air 2009
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SHSDJR D LTEHER

RDEIAMNEBENTLNSERLD 2.11(1.08-4.13)
RDRNHARIZHD 2.81(1.52-5.17)
FEDENASIZHS 1.13(0.50-4.13)
ERTRYMEEH>TD : 1.09(0.66-1.78)
B A 1.12(0.66-1.92)
BUTHRR I 0 Reference
1 1.37(0.71-2.65)
2 1.43(0.72-2.85)
3 2.39(1.14-5.00)
4-5 2.09(0.68-6.43)
P for trend =0.03

Kishi et al.,
Indoor Air 2009
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1 EIRIEHHE BIFEIE B (2004-20065)

1. mERE

2. [ 7 LT ER-VOCEE

3. [ EHE

4, REARRAEZFLILT Y

5. SVOC (Semi-volatile VOCs) (20065 ) 7+)
6. MVOC (Microbial VOCs) (2006 £ (D &)

T7ILTEREE-VOCEE

YT &Rk
« 7ILTERSE
— Supelco DSD-DNPH L8 U-> TS5 — T4 H=ERNZE

[EHE
— HPLC 2 #1 (131 &)

» VOC#H : Volatile Organic Compounds (& F 14 5 #%

A=%7)

— Supelco VOC-SD HLBR > 75— T24 05
ENERTHE

— GC-MS 74T (291L &)




FHEHENEDONTWSIEEYDRE

(%0)11*30)“:‘“%@%75%*4_/,.“

95%f{E =X E
RILLTILTER 86.6 202.8 95.8
7,7 ILFER 63.8 208.9 96.5
TeE, 126.1 606.0 . 974
RILIY 42.2 144.2 96.0 |
IFIAREY 9.2 24.8 89.2
oLy 23.3 101.1 90.8
AFLY 02 52.7 Y
p-rOoaRvEy 241.6 1689.8 60.9
TvOC (291 &%) 517.5 1770.9 100.0

ENREHEIHEZEBL TWVEERFRILLTILTER 3.5%. 77 IL

TEF 12%. p->/0a~R> €Y 5.6%. TVOC(E e iestE) 8.0%

SHSIEIREIEEME IR

Takigawa et al., Int Arch Occup Environ Health 2010

(GFHIEFTENSR)

B E (a53466) Bl DOR(95%CI)

2nd
2.13(1.21-3.76)

3rd
2.28(1.22-4.25)

Nt

4th
2.35(1.22-4.56)

1

10.3(2.38-44.7)

1.97(0.60-6.46)

4.24(1.21-14.9)

1.74(0.45-6.78)

0.93(0.25-3.37)

1.16(0.30-4.54)

4.46(1.17-17.1)

1

3.63(1.37-9.58)

9.48(2.53-35.6)

2.89(1.39-6.00)

2.59(1.15-5.81)

1.74(0.74-4.10)

fEK a=t7)
1st

L RLATLTEN 1
—fi% a0y 7 ARy
BB AMATATEN 1

a4V 1
R n-/tv
2 RIVATILTEN 1
B % TOEFVTALTEN 1

1.07(0.38-3.04)

3.37(1.15-9.91)

1.76(0.43-7.24)

Hhtel, 5. SFim. BUE R TR HRE. #UE. ANV R, B, DERE Rub, TLILE—,

b2 E (Xbackward stepwise method|Z&YUETILIZEA

REM0MEIZH-T=EEMOR(95%CI)

RILLTILTERIZEENS
I E<ES

Takigawa et al., Int Arch Occup Environ Health 2010
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Bars shows median+75% (n=41) P-values were calculated by Friedman test for 3-year variance
(*p<0.05). When p<0.05, Wilcoxon test. *p<0.017 (Bonferroni)
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MVOC (Microbial VOCs)

* MEBICE>TEESIDIEZYMEDKLTR

o IEERERICKY., 150 EHE LU EEDEEMA MVOCEL TH
ATV (Fiedler 2001; Korpi 1997; Pasanen 1997; Scholler 2002)

« BAKYELERTHL\CEDL, BESZENBISINDES
[Z7&>7= (Wessen and Schoeps, 1996)

c MVOCEREIIFUVTRADHLIEYTLHELWEDIYEELY

(Wieslander et al., 2007)

o ERADEERRIREE T, 1-Octen-3-ol D BE O 5 18 O Fk & ) ik
fEPR . BEJE O M E K (Walinder et al., 2008)., 3-methylfuranH AR .
2. Elﬁ’\a)%sﬁﬁﬁbﬁiﬁﬁ(wminder et al., 2005)
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Araki et al., Indoor Air 2009




=HNMVOCEE

N=182, B{i :pg/m?3

GM mX{E R (%)

3-methyl-1-butanol 0.47 10.64 68.7
1-pentanol 0.60 1215 78.6
2-pentanol 0.30 4.17 48.4
2-hexanone 0.32 2.56 70.9
2-heptanone 0.19 1.52 35.2
3-octanone 0.14 1.88 Tl
1-octen-3-ol 0.19 8.58 29.1
3-octanol <LOD 0.0

FAYDEELRRE. RVI—TUDERKLYREXSL

Araki et al., Sci Total Environ 2010

SHSH ik &EMVOC

N=620
FEHE A~ DRI B AE K
2-Pentanol 2.1(0.9-4.9) t
1-Octen-3-ol 4.6 (1.7-12.9)**
Total Fungi 0.6 (0.3-1.4)
Mite allergen Derl 1.7 {1.032. 51
FERIFLDBHY

BEMNOEITH> =B DOR(95%CHERT
ERIT—EITEAL, ., F&h. RETHE

1-octen-3-ol B FEIR AN D FIHAEIR D XD L7155 RE

ENTRESNT=

b

Araki et al., Sci Total Environ 2010




7L IL¥—FHmEMVOC

Atopic Dermatitis Rhinitis Conjunctivitis

N=608

OR (95%Cl) OR (95%Cl) OR (95%Cl)
1-pentanol 1.08 (0.42,2.79) 1.02 (0.46,2.28) '
2-hexanone 1.72(0.36,8.27) 1.12(0.33,3.75)
2-heptanone 0.83(0.19,3.73)

Oct-1-en-3-ol 1.63(0.55,4.85) 4.10(1.71,9.80)**  3.54(1.17,10.7)**
Total fungi 0.07(0.02,0.70)** 0.54(0.38,1.08) 0.36(0.18,0.74)**

IREA 101512 T-FFDOR(95%Cl)E TR T
%ﬁg—@:;ﬁlu P, FlER BE QE. Hh—RUrDOBEED. A TR, EMEOAE
TIRE

1-octen-3-olME K FEERD) RV LML BHRIREMEZE R

Araki et al., Sci Total Environ 2012
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SVOC: X J)LEET AT )L

4

(@]
I DMP (Dimethyl Phthalate): R, R’ =-CH:
" OR DEP (Diethyl Phthalate): R, R’ = =C:H;
DIiBP (Di-iso-butyl Phthalate): R, R’ = =CiH, ( iso-butyl )
DnBP (Di-n-butyl Phthalate): R,R" ==CiH,
ot O BBzP (Butylbenzyl Phthalate): R=-CiHy R'=-C4H
1 DEHP (Di-2-ethylhexyl Phthalate): R, R’ = =CgH .-
DINP (Di-isononyl phthalate): R,R" = =C4H.»

o FA:240~400°CHOEEHIEFEBILESY

- VEMHRLICEREL HRK, BEBBFIR. FRAMIRELTEE
- HAGLEERE. BRER.E-—ILEOER, N—VYFILTTHEE.
Z¥.RE.BMLGEICEGAASh. B0, REEMICKIVIRE

c BMEER.TULX—DT7IanU IR, RENHZE (Larsen et
al., 2001, 2002)

c BEMR:TUILX—LOBEEIREBEINTLNS (Bornehag et al.,2004;
2005, Hsu et a., 2012; Kolarik et al.,2008)

— DEHPH RS, WIS, MAEDVRY . BBzPA Bt . EE#KDYRY ., DBPH R K #
DR

SVOC: U EER )T RT )L

HAF|, ATBRIELTHULGMN, 2009F 213 #3.5 5t A ZE
SNI=(BFEXRSE 2010)
RRRDSLEEMASLIPBDEIL, EiZIS’Clatmgothl._
BLERXRFODEERMICEY) D REERFNBITLU-HEER.
O ZRHMRANNIRFRRIVELEEDIFL(Saito et al., 2007)

BREEMNMECEANERDICRIFFMEEELFAREELAH ST
bH.FRENBEIINTID

BMERTIIHESENHEIh TL S (Carrington et al.

1990, Weiner et al. 1999)
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SVOCO HIE

HRIEEY

1. FRIIBIXTIVEIEEY. TOEVEBOIATIL

2. YUEEN)ZXTILELEES Y

3. ZILXILDx/— )L EaM. EERENENELEY.

4, FHRAEN(ELRAOARSIE, BRRZLHFIE., HHY1058)

'U'./7°'J/7
. Z Ak :Floor(FK E£35cm L ) & UMulti-surface(FR _E35cm L
LOM. BEF)DFAMEE. HHEYERER ST

2. 22K :Empore™ Disks C18 filter & &L . 5&iE200ml/minT7
DT47ERICKYAsRBENESHE

4T : GC, GC-FID 27

S OAR)LERT R T ILEEEE (ALIR)

N=41

Med.

(ng/m°)
DMP 47.9 11.9-191 100
DEP 60.7 i 22.3-203 100
DiBP 25 13.2-321 100
DnBP 200 79.6-740 100
BBzP <LOD <LOD-26.6 25.6
DEHP 147 11.8-1660 100
DiNP <LOD <LOD-192 12.8

DEHP. DnBPD EBEMNEL)
DFEHNNSLDMPIESE RIS IFEHEEN A, FXEASOBEH IFIEL

Se{TEFZR(3k) &L T. DEP. DiBP,. DnBP. BBzP 2 E (XA E TIZ{EL

Kanazawa et al., Indoor Air 2010




EER) T RT)LEER E (FLIR)

SR

N=41
Med (ng/m?>) Range(ng/m°) RRH (%)

TEP 62.3 18.1-511 100

TBP 27.1 <LOD-121 97.5
TCiPP 89.2 15.5-2660 100

TCEP 15.5 <LOD-297 60

TBEP 23 <LOD-159 64.1
TDCPP <LOD <LOD-61.4 37.5

PFENNDIVTEPIETRBASIFBREEh =R S X hhs

DR [FEL

Kanazawa et al., Indoor Air 2010

Nt

FANR IR BT AT ILEEE

1 mmm multi surface dust (n=120)
% ™ floor dust (n=148)

B ¥ l
- S ~ Thta
G G CEEe SR B, I R - — |
DMP DEP DiBP DnBP BBzP DEHP DINP DEHA BHT

DMP DEP DiBP DnBP BBzP DEHP DINP DEHA BHT

Correlation between floor and multi-surface
DIiBP DnBP BBzP DEHP DINP DEHA BHT

0.537* 0.248* 0.382** 0.383** 0.419* 0.339* 0.119

Spearman's rank correlation coefficients, **p<0.01

Kishi et al., ICOH2012
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T7UILEX—FRE. SHSHER

Asthma
OR  (95%CI)

Dermatitis
OR  (95%CI)

Rhinitis

OR  (95%ClI)

Conjunctivitis
OR  (95%Cl)

SBS

OR (95%Cl)

DiBP
DnBP
BBzP
DEHP
DINP

DEHA

BHT

2.20 (0.85,5.72)
1.41 (0.76,2.6)
1.90 (0.77,4.67)
1.34 (0.45,4.03)

0.94 (0.37,2.34)

3.25 (1.46,7.23)*

0.95 (0.32,2.82)

1.23 (0.59,2.53)
1.09 (0.69,1.71)
212 (1.14,3.97)
1.54 (0.72,3.29)

0.88 (0.46,1.71)

2.23 (1.23,4.07)**

0.64 (0.30,1.39)

0.81 (0.42,1.56)
0.73 (0.48,1.1)

1.41 (0.83,2.38)
0.88 (0.45,1.72)
0.93 (0.53,1.61)

1.12 (0.66,1.92)

0.57 (0.29,1.13)

1.18 (0.49,2.80)
1.14 (0.69,1.88)

1.46 (0.71,3.04)

3.74 (1.56,8.94)**

0.64 (0.30,1.39)

1.11 (0.53,2.34)

0.31 (0.11,0.82)

0.85 (0.37,1.96)
0.74 (0.42,1.32)
1.31 (0.66,2.59)
1.47 (0.61,3.50)
1.24 (0.59,2.58)

1.05 (0.52,2.13)

0.43 (0.18,1.06)

Each environmental variable was modeled separately using a logistic-regression model.
Asthma and allergies models were adjusted for gender, age, smoking, wall-to-wall

carpet, renovation, dampness index, and pollen allergy. (n=390)
*p< 0.05, **:p< 0.01

Kishi et al., ICOH2012

WDF AR IFIVEBETRTIVEEREL
TUILEX—FJR. SHSHER

Asthma Dermatitis Rhinitis Conjunctivitis SBS

OR (95%Cl) ~ OR (95%Cl) ~ OR (95%Cl)  OR (95%Cl)  OR (95%Cl)
DiBP  1.41(0.63,3.15) 1.47 (0.85,2.55) 0.91 (0.53,1.59) 0.67 (0.27,1.64) 0.76 (0.32,1.80)
DnBP 2.57 (1.09,6.10)* 1.30 (0.71,2.36) ~ 0.90 (0.52,1.57)  0.52 (0.22,1.23)  0.75 (0.38,1.50)
BBzP 1.06 (0.47,2.42) 0.81 (0.43,1.51) 0.94 (0.54,1.61) 1.67 (0.80,3.50) 0.73 (0.37,1.45)
DEHP 2.53 (0.78,8.17)  1.66 (0.82,3.37)  1.50 (0.78,2.87) 1.42 (0.56,3.63) 0.79 (0.38,1.64)
DINP  0.84 (0.39,1.80) 1.01 (0.61,1.66) 0.80 (0.51,1.26)  0.54 (0.27,1.04)  1.10 (0.63,1.90)
DEHA 1.18 (0.57,2.43) 1.16 (0.69,1.94) 1.24 (0.79,1.96)  0.54 (0.22,1.30)  0.64 (0.32,1.29)
BHT  1.49 (0.42,5.30) 0.84 (0.37,1.91) 1.02 (0.49,2.13)  0.89 (0.31,2.58) 0.91 (0.38,2.15)

Each environmental variable was modeled separately using a logistic-regression model.

The odds ratios were calculated using log10-transformed variables.

SBS models were adjusted for gender, age, smoke exposure. (n=400)

Asthma and allergies models were adjusted for gender, age, smoking, wall-to-wall carpet, renovation, dampness index, and
pollen allergy. (n=390)

*p<0.05, **:p< 0.01

Kishi et al.,

ICOH2012




FEH TRIIVEBEITRTILEE

o ERMSEERML=F A+HDDEHP, BBzP. DEHA [XKF . 7k
E—MEEX. TRE—EEERXDIURITHoT-,

o HILLEBMLIARAMDIZIIEBIATILETIEZIDNBPA
EEDURITHT=.

« SHSEARMPIAWBIATIVEREICEELCEEIZIRS
niah-of=,

 DEHPREIE. RUz—T U TiIbhi-%iTHELEIEET
H-o1=H' (Bornhag et al.,). BBzPEEIIEXHEDAM
Ehof=e A0xz—T2UOPVCEKMIZIZBBZPAEHINS
M. BERTIEBBzPO#E A E T 7L, F-PVCEKHMIZIZ
DEHPMOREEINZENFDEREEZLNS,

« BBzPIZBREMNEWZEMI I HOLTFPFE—EEEBXDUR
ITHY . BLEIBENBDETHAS,

Kt

FARYEEN ) TR TILERE)

Floor (N=148) Multi-surface (N=120) Correla-
Med. Range >LOD  Med. Range >Lop  tion (r)
(ug/g) (ug/g) (%)  (ue/g) (ug/g) (%)
TBP 1.03 <LOD-133 63.0 1.15 <LOD-42.8 73.3 -0.076
TCPP 8.69 <LOD-430 a97.3 25.8 1.3-462 100  0.284*%*
TCEP 5.83 <LOD-338 93.9 8.26 <LOD-2320 80.8 D.551**
TEHP 2.07 <LOD-51 64.2 1.47 <LOD-73.1 56.7 0.391%**
TBEP 508 <LOD-5890 100 111 5.29-14100 100 0.295%*
TDCPP 2.80 <LOD-864 67.6 10.8 <LOD-593 85.0 0.623%
TPhP 451 <LOD-245 88.5 11.5 <LOD-889 94.2 0.205**

Only >LOD above 20% are shown, **P<0.01
Abbrecivations: Trimethylphosphate (TMP), Triethylphosphate (TEP), Tripropylphosphate (TPP),
Tributylphosphate (TBP), Tris(2-chloro-iso-propyl)phosphate (TCPP), Tris(2-chloroethyyl)phosphate (TCEP),
Tris(2-butoxyethyl)phosphate (TBEP), Tris(1,3-dichloro-2-propyl)phosphate (TDCPP), Triphenylphosphate
(TPhP), Tricresylphosphate (TCP)

Araki et al., Indoor Air submitted




FROFZ AR EEN ) TRATIVEEBEE L
T7LILX—FHIRF. SHSER

Asthma Dermatitis Rhinitis Conjunctivitis SHS

OR(95%CI)

OR (95%Cl)

OR (95%Cl)

OR (95%Cl)

OR(95%Cl)

TNBP 2.85(1.23,6.59)*
TCIPP  0.87(0.33,2.35)
TCEP 1.16(0.42,3.28)
TEHP 2.16(0.73,6.42)
TBOEP 1.15(0.51,2.62)

TDCIPP 1.85(0.96,3.58)

TPHP  1.60(0.55,4.67)

1.56(0.83,2.95)

2.43(1.28,4.61)*

1.66(0.82,3.35)
1.83(0.82,4.07)

1.01(0.57,1.81)

1.84(1.17,2.88)**

1.86(0.92,3.75)

0.77(0.45,1.34)
0.99(0.62,1.58)
1.22(0.74,2.00)
1.59(0.87,2.90)
1.27(0.83,1.93)
0.82(0.57,1.18)

1.12(0.63,1.99)

0.88(0.40,1.94)
0.78(0.38,1.64)
1.01(0.47,2.19)
0.51(0.19,1.38)
0.88(0.47,1.65)
1.45(0.86,2.45)

1.27(0.52,3.07)

1.47(0.76,2.84)
0.97(0.50,1.90)
1.40(0.68,2.90)
1.69(0.74,3.85)
1.19(0.65,2.18)
1.16(0.72,1.87)

0.76(0.32,1.81)
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OR (95%CI)

OR (95%Cl)
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OR (95%Cl)

OR (95%Cl)

TNBP
TCIPP 1.26(0.55,2.87)
TCEP 1.58(0.36,6.92)
TEHP  1.68(0.68,4.78)
TBOEP 1.55(0.59,4.09)
TDCIPP 1.82(0.65,5.09)

TPHP  1.64(0.60,4.85)

5.34(1.45,19.7)*

1.27(0.49,3.30)
0.92(0.44,1.95)
1.02(0.56,1.86)
1.24(0.50,3.09)
0.96(0.49,1.87)
1.01(0.51,1.99)

0.85(0.42,1.68)

2.55(1.29,45.01)**

1.43(0.82,2.53)
1.27(0.83,1.95)
0.90(0.40,1.90)
0.77(0.46,1.30)
0.89(0.52,1.50)

0.83(0.48,1.43)

1.68(0.59,4.77)
1.15(0.46,2.87)
1.20(0.61,2.35)
1.12(0.36,3.53)
1.31(0.59,2.88)
1.47(0.65,3.35)

0.72(0.31.1.66)

1.75(0.71,4.32)
1.41(0.69,2.88)
1.69(0.97,2.94)
1.58(0.64,3.86)
1.40(0.71,2.75)
1.41(0.71,2.79)

1.01(0.52,1.96)
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Abstract

Objectives This stdy explored possm]e associations
between chemical substances and sick building syndrome
(SBS)-type symptoms of residents living in new houses in
Japan. .
Methods We randomly sampled 5,709 newly built con-
ventional homes. In the end, 1,479 residents in 425 hounse-
holds completed a questionnaire survey and agreed to
environmental monitoring for indoor aldehydes and volatile

organic compounds (VOCs) to be conducted in their.

homes. If the residents had complained about at least one
SBS-related symptom, they were classified as suffering
from SBS. Multiple logistic regression analysis was vsed to
select predictive chemical factors of SBS symptoms.

Results  About 14% of the subjects suffered from SBS.
Many aldehydes and VOCs were associated factors of opti-
cal, nasal, and gular symptoms in univariate analysis. After
adjustment for other possible risk factors, formaldehyde
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dose-dependently showed to be a significant risk factor for
SBS. Several chemicals had tendency to be associated with
SBS symptoms. ’

Conclusions Chemicals detected in Japanese newly built
houses tend to increase the risk of subjective symptoms in
residents suffering from SBS,

Keywords Sick building syndrome - Indoor air -
Aldehydes - Volatile organic compounds - Subjective
symptoms

Introduction

Health problems caused by indoor chemical and biologi-
cal pollution, poor control of temperature and humidity,
or other factors in office buildings have been recognized
as sick building syndrome (SBS) in Western countries
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since the 1970s (Godish 1994; World Health Organiza-
tion 1983). Originally, fewer office workers in Japan
were considered to suffer health hazards from room air
contaminants, because indoor environments in Japanese
buildings had been controlled within the framework of
the Building Standard Law, which was for large-scale
buildings (Torii 2000). In the 1990s, however, some
Japanese people living in newly built houses or reno-
vated individual homes staried to describe a variety of
nonspecific subjective symptoms such as irritation of the
eye, nose, and throat, headache, and general fatigue
(Saijo et al. 2004). The constellation of these symptoms
resembles SBS and is designated as “sick house
‘syndrome™ (Ando 2002; Seki et al. 2007; Torii 2001).
Meanwhile, gray areas remain regarding the specific
details of SBS and iis definition is wswally based on
questionnaire . in earlier population-based studies
including our study. It is unlikely that there is a single
cause or a clear diagnostic eriterion for SBS at this time
and the fact incites public’s anxiety. Recently, indoor
chemical substances emitted from building materials,
including formaldehyde or volatile organic compounds
(VOCs), have been acknowledged to be major sources of
$BS in Japan because the incidence of SBS patients
living in new or renovated houses had increased (Ministry of
Health, Labour and Welfare of Japan 2002; Sakaguchi
and Akabayashi 2003; Takigawa 2006; Torii 2001).

Nurierous epidemiologic studies in foreign countries have
reported many factors such as chemical, biological, physical,
technical, and psychosocial factors as influential agents of
SBS symptoms (Andersson 1998). Although the occurrence
of 8BS in Japan is also an important problem to solve, no
field survey has yet been conducted thoroughly in Japan. In
this survey, we measured indoor air chemical concentrations,
air fungal colonies, and mite allergen concentrations in
detached houses all over Japan and gathered information on
residents’ health complaints by questionnaire. To our knowl-
edgg, there has been no previons report where both environ-
mental monitoring and 2 questionnaire survey have been
performed for so many newly built houses in Japan as with
our large sample. In the present paper, we focused on the
associations between chemical substances and subjective
symptoms. Analyses on other factors will be discussed in
papers to be published in the future.

Materials and methods
Study population and selection of homes
We randomly sampled 5,709 households in dwellings aged

7 or less in six prefectures from northem to southern Japan,
Hokkaido (1,240 households), Fukushima (910), Aichi

@ Springer

(1,070), Osaka (885), Okayama (906), and Fukuoka (698).
The houschold list was obtained from building plan
approval applications, which are official data available for
inspection. Preliminary questionnaires on indoor air quality
were sent to the households between November, 2003 and
Jamuary, 2004. The responses were returned by the resi-
dents of 2,297 households (response rate; 41.1%) after

" excluding those sent back due to incorrect addresses and

those sent to dwellings aged more than 7 at the time that the
questionnaire was returmed (5,589 remained in total). Of the
respondents, 1,522 residents of 444 households agreed to
participate in this study conducted from September to
November, 2004. We chose autumn for this study because

" the climate is moderate. In this season, fewer persons use

air-conditioning equipments and it could minimize the
effect of them to indoor environments, The study was con-
ducted . with all the subjects’ informed consent and
approved by the institutipnal ethical boacds for epidemio-
logical studies at Hokkaido University Graduate School of
Medicine which was the principal investigator and at all the
regional universities involved in this study.

Environmental monitoring
Indoor aldehydes and VOCs were measured in the living

room of each dwelling visited. In this study, VOCs are defi-
ned as organic chemical compounds that have high enough

" vapor pressures under normal conditions, including a wide

range of carbon-based molecules, such as aliphatic, aro-
matic, or halogenated hydrocarbons, and it means a chemi-

_ cal family. Air samples were collected onto diffusive air

samplers (DSD-DNPH and VOC-SD for aldehydes and
VOCs, respectively, both from Sigma—Aldrich, Japan) at
approximately 1.5 m above the floor for 24 h on weekdays.
At the same time, travel blank samples were obtained to
determine sample contamination during travel to the labo-
ratory. Room temperature and relative humidity were also
measured in parallel every 15 min for 24 h with Thermo
Recorder (TR-72UJ, T&D Corporation, Japan). Concentra-
tions.of 13 target aldehydes and 29 VOCs were quantified
using high-performance liquid chromatograph with UV
detection and gas chromatograph with mass spectrometry,
respectively, as previously described (Takigawa etal.
2004). This list of chemicals covers the major component
of indoor chemicals detected in Japanese residences
(Tanaka-Kagawa ctal. 2005). Total VOC concentration
was defined as the sum of the concentrations of the target
VOCs. :

Questionnaire study

We distributed the self-administered questionnaires based
on the “guestionnaire for national investigation for SBS
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and its potential risk factors in Japan” (Wang et al. 2008)
to the participants when we visited their homes for envi-
ronmental monitoring. If the participants could not read
or write, another family member answered the question-
naires for them, In particular, we asked parents to answer
questions on behalf of their children. The questionnaire
included questions on personal characteristics (e.g., sex,
age, smoking habits, environmental tobacce smoking,
time spent at home, alcohol habits, and mental stress
level), indoor environmental characteristics (the' occur-
rence of dew condensation, mold growth, and having pets
in the dwellings), and on subjective symptoms (see the
Appendix). The section on symptom groups consisted of
part of the Japanese version of MMO40EA, a validated
guestionnaire designed for epidemiologic assessment of
SBS symptoms (Mizoue et al. 2001); optical symptoms
(eye irritation), nasal symptoms (rhinitis, blocked nose,
and sneezing), gular symptoms (hoarseness, dry throat,
coughing, and wheezing), dermal symptoms (itching, dry,
flushed, and erupted skin), and general symptoms
(fatigue, feeling heavy headed, headache, nausea, dizzi-
ness, and having difficulty concentrating), We also
applied this questionnaire on symptoms to childeen,
because the same questions appeared in a validated ques-
tiotnaire “MM 080,” which is an indoor climate question-
naire for children designed to be answered by a parent.
Participants were asked to refer to their health complaints
during the last 3 months in choosing responses to each
question; always, sometimes, or never. Continuous symp-
toms were defined as occurring at least three times a
week, and sporadic symptoms were defined as occurring
once or twice a week. They were also asked whether they
attributed the symptom to their home environment. If sub-
jects reported any continuous or sporadic symptom in an
anatomic site related to the home environment, they were
designated positive for the symptom group. If they had
complained about at least one symptom group, they were
clagsified as SBS.

Statistical analysis

The data below limit of quantitation for chemical concen-
trations (1 pg/m®) were assigned half of the limit of quanti-
tation {0.5 pg/m>). Lirmit of quantitation is calculated from
S/N ratio. We applied all the chemical sensitivity to the
lowest one because we performed simnltaneous analyses,
Chemical concentrations were categorized into four groups
at quartiles. After crude analyses for all chemicals, the most
important ones with P < 0.20 were selected for calculation
of multiple logistic regression models for each symptom
- group (SBS symptoms and individual physical symptoms
including optical, nasal, gular, dermal, and general symp-
toms). Chi-square test or Fisher’s exact test, Spearman rank

test, and Mann—Whitney U test were used where appropri-
ate. For multiple logistic regression analysis, the factors on
personal and indoor environmental characteristics (sex,
age, residential area, tobacco smoking, time at home, alco-
hol drinking, mental stress, condensation, fungi reported,
pet, and passive smoking, allergic diseases, temperature,
and relative humidity) were forced into the model as
adjusted variables and the chemical factors were entered
into the models in a backward stepwise fashion. We
adopted this two-step process because only a backward

-fashion would not select associated valucs from many tar-

get variables. Two-sided values of P < 0.05 were consid-
ered statistically significant. All analyses were performed
with SPSS 14.0 for Windows (SPSS Inc., Chicago, IL,
USA).

Results
Characteristics of the participants

Of the subjects, 1,479 participants in 425 households
remained for analysis after eliminating data with missing
values. The distribution of households among the six pre-
fectures was as follows; Hokkaido {104 households), Fuku-
shima (65), Aichi (57), Osaka (78), Okayama (71), and
Fukuoka (50). The participation rate for environmental
monitoring was 18.5% in respondents of the preliminary
questionnaire survey. The average age of analyzed partici-
pants was 33 (range 0-90) years. There were significantly
more females, persons exposed to environmental tobacco
smoke, persons spending longer time in their houses, per-
sons reporting much mold growth in their homes, and per-
sons with allergic diseases in the $BS group (Table 1).
About 14% of the subjects suffered from SBS, among
which the most frequently reported symptoms were nasal
and gular at 7.8 and 6.9%, respectively; next were dermal
4.1%, and then optical and general at 3.4 and 2,0%, respec-
tively.

Chemical concentrations in living rooms
The average age of dwellings was 3.3 (range 1.08-7.0)

years at the time of study. Indoor chemical concentrations
in the living rooms are listed in Table 2. When compared

in terms of the detection rates, aldehydes and acetone

were more abundant than VOCs in indoor air. Formalde-
hyde and acetaldehyde were found in the studied houses
at the concentrations exceeding the guideline values (100
and 48 pg/m?, respectively) established by the Japanese
ministry (Ministry of Health, Labour and Welfare of
Japan 2002) at 3.5 and 12.2%, respectively. For VOCs,
hydrocarbons such as toluene, xylenes, terpenes (u-pinene
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Table 1 Prevalence of personal data and perception about humidity
environment for subjects among SBS and non-SBS groups

Table 2 Concentrations of aldehydes and VOCs in the living rooms
(n = 425) '

Variables SBS Non-SBS P
(n=210) (n=1269)
(%) (%)

Female 60.5 50.6 0.008
Age (years)

<20 34 386 0.002

20-39 26 333

40-59 268 1229

>39 132 5.2
Current smoker 10.0 12.6 0.289
Environmental 314 298 0.004

tobacco smoking
Alecohol drink (>1/week) 287 316 0.402
Time sﬁcnt at home ,21'4 15.5 0.031
(=20 h per day) )

Mental stress level (high) 321 25.9 0.064
Having pets in the house 271 255 0.547
Dew condensation 638 64.4 0.873
Mold growth 84.8 70.8 <0.001
Allesgic discase 25.7 9.5 <0.001

Chi-square test

and limonene), trimethylbenzene, halogenated hydrocarbons
stich as p-dichlorobenzene, esters such as ethyl acetate
and butyl acetate were ubiquitously detected compounds
in indoor air. Maximum concentrations for ¢-pinene and
p-dichlorobenzene were up to 1,053 and 1,690 pg/m?,
respectively, and no other VOCs were higher than these
levels. As for VOCs with guideline values, 5.6% of the
samples exceeded the guideline value for p-dichloroben-
zene, 240 pgfm?®,. Others were all within the limits. Total
VOC, which was calculated by adding all the detected
VOCs, was higher than the provisional guideline value
(400 pg/m?®) in 8.0% of the houses, We analyzed the agso-
ciation between age of the house and indoor chemical
concentrations (Table 3). Most of the chemicals varied
little, however, «-pinene decreased drastically (r, = —3.50).

Associations between chemical concentrations and SBS

Almosi all individual aldehydes showed higher medians in
the SBS group than in the non-SBS group (Table 4). For
VOCs, unlike aldehydes, this trend was not seen because
much lower levels of VOCs were detected than those of
aldehydes. We also tested the associations between chemi-
cal concentrations and SBS occurrence among each symp-
tom group (Table 5). For the participants that suffered from

@ Springer

Compotunds Detection Minimam 95% Maximum
rate (%)
Formaldehyde 95.8 ND 866 2028
Acetaldehyde 96.5 ND 635 2089
Acetone 97.4 ND 1261 608.0
Acrolein 0.2 ND ND 6.1
Propionaldehyde 92.7 ND 224 1271
Crotonaldehyde 58.1 ND 146 1125
n-Butyraldehyde 76.2 ND 155 1095
Benzaldehyde 76.9 ND 308 1171
iso-Valeraldehyde 574 ND 22,7 1046
Valeraldehyde 774 ND 235 2237
Tolualdehyde 39.1 ND 11.8 2229
Hexaldehyde 958 ND 442 1985
2,5-Dimethylaldehyde 7.5 NDb 1.3 19.7
n-Héxane 20.2 ND 58 178.1
2,4-Dimethylpentane 73 ND 14 38
n-Heptane 41.9 ND 104 1296
n-Octane 39.1 ND 12.6 45.5
n-Nonane 489 ND 192 1600
n-Decane 39.5 ND 17.7 84.7
n-Undecane 43.1, ND 258 1013
Benzens 50.8 ND 59 21.7
Toluene 96.0 ND 422 1442
Ethylbenzene 892 ND 92 248
Xylene 20.8 ND 233 1011
Styrene 6.4 ND 1.2 52.7
Trirnethylbenzene 66.1 ND 173 103.0
o-Pinene 85.4 ND 1386 1052.7
Limenene 93.2 ND 726 6016
Chiloroform 172 ND 27 59
1,2-Dichloroethane 4.0 ND ND 9.8
1,1,1-Trichloroathane 6.4 ND 12 15.6
Carbontetrachloride 24 ND ND 14
1,2-Dichloropropane 0.2 ND ND 2.8
Chlorodibromomethane 1.6 ND ND 6.0
Trichloroethylene 14 ND ND 3.8
Tetrachloroethylene 6.8 ND 1.6 167.0
p-Dichlorobenzene 60.9 ND 241.6 1689.8
Ethyl acetate 45.9 ND 289 3132
Butyl acetate 4.8 ND 13.0 61.4
2-Butanone 29.4 ND. 6.5 375
2-Pentanone 28.9 ND 47 320
n-Butanol 224 ND 2.7 116
Total VOC 100.0 16.0 5175 17709

Concentrations are expressed in j.Lglm3
VOC volatile organic compound; ND not detected
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Table 3 Association between age of the house ang indoor chemical
concentrations (1 = 425)

Compounds r P
Formaldehyde 0.038 0,440
Acetaldehyde —0.039 0.427
Acelone —0.081 0,094
Acrolein —0.018 0.708
Propionaldehyde =0.016 0.741
Crotonaldehyde 0.005 0.904
n-Buotyraldehyde —-0.070 0.150
Benzaldehyde —0.004 0.942
iso-Valeraldehyde —0.007 0.890
Valeraldehyde ~0.040 0.410
Tolualdehyde 0.008 0.862
Hexaidehyde —0.052 0.287
2,5-Dimethylaldehyde 0.057 0241
n-Hexane 0.115 0.017
2,4-Dimethylpentane —0.032 0.506
n-Heptane —0.007 0.884
#-Octane 0.119 0,014
n-Nonane 0.163 0.001
a-Decane 0.035 0473
a-Undecane 0.038 0.433
Benzene 0.005 0,916
Toluzne © —0.010 0.839
EBthylbenzene 0.051 0.2956
Xylene 0.057 0.244
Styrene —0.,052 0.234
Trimethylbenzene 0.147 0.002
z-Pinene —0.350 <0.001
Limonene —0.015 0.759
Chloroform 0.043 0.374
1,2-Dichlorocthane ~(.011 0.826
1,1,1-Trichloroethane —0.031 0,521
Carbontetrachloride —0.021 0.663
1,2-Dichloropropane ~0.062 0.202
Chlorodibromomethanc 0.016 0.746
Trichloroethylene 0.021 ©0.667
Tetrachlorosthylene 0.017 0.724
p-Dichlorobenzene 0.051 0.297
Ethyl acetate 0.061 0.207
Butyl acetare —0.055 0.255
2-Butanone —0.001 0.987
2-Pentanone —-0.132 0.006
n-Butanol —0.028 0.566
Total VOC -0.086 0.076

VOC volatile organic compound
* Spearman rank-correlation coefficient

optical or nasal symptoms, it was mainty aldehyde concen-
trations that were higher in their homes than in the homes
of those without symptoms. For cases with gular symp-
toms, besides aldehydes, VOCs concentrations were also
higher. For dermal and general symptoms, few chemicals
showed higher concentrations in the homes of participants
with symptoms, Additionally, linear regression analysis
was used to determine the relationship between the number
of SBS positive subjects per dwelling and chemical concen-
trations. In this analysis, the numbers of 8BS positive
subjects were dependent variables and the chemical con-
centrations and the numbers of family members were the
independent variables. There were significant relationships

. among the number of 8BS positive subjects and several

chemical conceatrations such as formaldehyde, iso-valeral-
dehyde, and n-undecane.

The health risks associated to each chemical substance

After adjusting for other possible risk factors (Table 6),
only odds ratio (CR) of SBS increased with formaldshyde
concentration dose-dependently with statistical signifi-
cance. Formaldehyde also increased ORs of optical and
nasal symptoms without significance. Chlorodibromome-
thane increased ORs of several symptom groups; however,
this chemical was detected in few houses to conclude its -
effect on symptoms. Several chemicals tended to be associ-
ated with SBS symptoms. ‘

Discussion and conclusion

Cur results suggest agsociations between measured envi-
ronmental factors such as aldehydes or VOCs and SBS
symptoms of residents living in newly built houses in
Japan. Even when adjusted for personal factors including
perception about the present state of humidity environment
in dwellings, and the data pertaining to indoor temperature
and relative humidity (Fang et al. 1999; Mizoue et al, 2004;
Wolkoff and Kjaergaard 2007), these associations were
evident. :
Indoor chemical concentrations have decreased recently
in Japan (Takigawa 2006). Overall, the measured concen-
trations of indoor aldehydes and VOCs were also low in
this study. The air pollutant concentrations were similar to
those reported outside of Japan (Hodgson et al. 2000). The
maximum levels of some chemicals such as formaldehyde,

- acetaldehyde, p-dichlorobenzene, and total VOC, however,

exceeded their guideline values (100, 48, 240, and 400 uglm3,
respectively) (Ministry of Health, Labour and Welfare of

.
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Table 4 Differences in chemi-
cal concentrations in the living
rooms and other factors between
SBS and non-SBS groups

Concentrations are expressed in
pg/m®. Mann-Whitney I test
{n=1479

$BS sick building syndrome;
ND not detected; VOC volalile
organie compound

2 ptest for participants
(n=1479}

b rest for houses (1 = 423)

@ Sbri.nger

Compounds SBS - Non-SBS P
25% Median 75% 25% Median 75%
Formaldehyde 33.7 48.5 66.5 26.8 39.4 559 <0.001
Acetaldehyde 15.9 24.3 350 14.0 222 34.0 0.093
Acetone 29.7 42.6 63.1 231 334 54.4 <0,001
Acrolein ND ND ND ND ND ND 0.684
Propionaldehyde 5.6 109 14.8 4.4 7.4 14.2 0.002
Crotonaldehyde ND 7.6 10.5 ND 3.3 9.1 <0.001
n-Butyraldehyde 1.4 4,1 7.8 ND 22 6.3 <0.001
Benzaldehyde 1.7 6.2 14.4 ND - 36 9.9 <0.001
iso-Valeraldehyde ND 48 122 ND 25 8.2 <0.001
Valeraldehyde 22 335 132 L1 36 8.6 <0.001
Tolualdehyde 1.0 1.0 34 1.0 1.0 3.0 0.034
Hexaldehyde 6.3 105 224 4.6 9.6 18.1 0.002
2,5-Dimethylaldehyde -  ND  ND ND ND ND ND 0215
n-Hexane ND ND ND ND ND ND 0.746
24-Dimethylpentane ND ND ND ND ND ND 0.292
n-Heptane - ND ND 3.7 ND ND 2.6 0.732
i-Octane ND ND 34 ND ND 2.4 0.026
n-Nonane ND 1.8 7.6 ND ND 4.4 0.002
n-Deeane ND  ND. 3.3 ND ND 3.2 0.808
n-Undecane ND ND 1.7 ND ND 2.4 0.172
Benzene ND 1.1 23 ND 1.1 ‘24 0.825
Toluene 16 129 214 8.4 125 20.4 0.474
Ethylbenzenc 1.7 3.2 49 1.6 2.8 4.5 0.108
Xylene 3.0 6.0 123 29 5.8 10.5 0.134
Styrene ND ND ND ND ND ND 0.498
Trimethylbenzene 1.5 29 6.4 1.5 2.7 52 0.271
a-Pinene 2.6 7.0 278 2.3 7.6 26.7 0.696
Limonenc 42 90 24.0 38 9.0 18.8 0518
Chloroform ND ND ND ND ND ND 0.892
1,2-Dichloroethane ND ND ND ND - ND ND 0.027
1,1,1-Trichlorocthane ND ' ND ND ND ND ND 0.858
Carbon tetrachloride ND ND ND ND ND ND 0.308
1,2-Dichloropropane ND ND ND ND ND ND 0:009
Chlorodibromomethane ND ND ND ND ND ND <0.001
+ Trichloroethylene ND ND ND ND ND ND 0.049
Tetrachloroethylene ND ND ND ND ND ND 0.395
p-Dichlorobenzene ND 1.1 6.1 ND 2.0 173 <0.001
Bthyl acetate ND ND 59 ND ND 6.4 0.837
Butyl acetate ND 2:5 6.0 0.8 2.6 49 0.961
2-Butanone’ ND ND ND ND ND 1.9 0.006
2-Peatanone ND ND 1.3 ND ND 1.1 0.029
n-Butznol ND ND ND ND. ND ND 0.786
Total VOC 64.3 116.5 206.2 68.5 108.2 201.8 0.385
Age? 9.75 33.50 41,00 12.00 36.00 48,00 0.003
Age of house® 1.17 2.50 3,67 1.00 2.00 327 0.123
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Table 5 Significant differences in chemical concentrations in the

living rooms between SBS and non-5BS among symptom groups

Compounds ' SBS Non-SBS P
' Median Median

Optical ~ Formaldehyde 43.8 397 0.018 .
Acelone 60.2 344 <0.001
Propionaldehyde 11.4 7.5 0.004
Crotonaldehyde 8.3 42 0.002
n-Butyraldehyde 4.7 22 0.006
Benzaldehyde 9.7 3.7 <0.001
iso-Valeraldehyde 3.3 273 <0.001
Valeraldehyde 8.8 38 * 0.009
Tolualdehyde 1.0 1.0 0.054
n-Nonane 1.8 ND 0.164
Benzens 1.8 1.1 0.037
1 ,Z-Dichloroethané ND ND <0001
1,1,1-Trichlorocthane ND ND 0.178
2-Pentanone ND ND 0.033
Total VOC 170.6 108.6 0.19¢

Nasal  Formaldehyde 45.7 39.7 0.018
Acetone 423 342 0.012
Propionaldehyde 1.0 7.6 0.01
Crotonaldehyde 8.5 39 <0.001
n-Butyraldehyde 4.8 2.2 <0.001
Benzaldehyde 1.5 3.7 <0.001
iso-Valeraldehyde 6.0 2.7 <0.001
Valeraldehyde 5.6 3.8 0.003
Hexaldehyde 103 © 97 0.115
2,5-Dimethylaldehyde ND ND 0.031
-Nonane 1.8 ND 0.074
1,2—Dichldroethanc ND ND 0.006
Chlorodibromomethane ND ND <{.00t
Trichloroethylene ND ND 0.161
p-Dichlorobenzene 1.2 1.9 0.08
2-Batanone ND ND 0.016
2-Pentanone ND ND 0.107

Gular Formaldehyde 50.6 357 <0.001
Acetaldehyde 24.2 222 0.146
Acetone 42.6 344 0.015
Valeraldehyde 4.5 3.8 0.157
Hexaldehyde 10.5 9.6 0.034
2,4-Dimethylpentane ND ND 0.018
n-Heptane 1.0 ND 0.046
n-Octane 11 ND 0.001
n-Nonane 2.1 ND 0.001
Benzene 13 10 0.011
Toluene 149 129 0.075
Bthylbenzene 38 2.7 0.004
Xylene 8.1 5.8 0.003
Trimethylbenzene 34 2.9 0.009

Table 5 continued

Compounds SBS Non-SBS P
Median Median
Limonene 11.1 8.9 0.044
1,2-Dichloroethane ND ND 0.104
},2-Dichloropropane ND ND <0.001
Chlorodibromomethane ND ND <0.001
Trichloroethylene ND ND 0.188
Tetrachlorocthylenc " ND ND - 0.183
" p-Dichlorobenzene 13 1.9 0.058
. Butyl acetate 35 2.5 0.043
2-Pentancne ND ND <000t
n-Butanol ND ND 0.005
Total VOC 151.0 108.2 0.009
Dermal  Formaldehyde 49.8 39.7 0018
"Tolualdehyde 1.0 i.0 0.135
2,5-Dimethylaldehyde ND ND 0.032
1,1,1-Trichloroathane ND ND 0.114
Chlorodibromomethane ND ND <0.001
2-Butanone ND ND 0.137
General  Formaldehyde 45.5 40.2 0.144
Acetaldehyde 318 222 0.086
Propionaldehyde 123 N 0.014
Crotonaldehyde 8.5 42 0.104
iso-Valeraldehyde 6.3 2.8 0.141
n-Nonanc 2.8 ND 0.035
Limonene ’ 9.4 9.0 0.158
Chlorodibromomethane  ND' ND <0.001
Tetrachloroethylene ND ND 0.137

Concentrations are expressed in pglm3. Mann—Whitney I test
(n=1,479)

SBS sick building syndrome; VOC volatile organic compound; ND not
detected

Japan 2002), though the levels of total VOC depended on
the number of VOCs measured in our study. Chemicals that
were found in high frequencies were aldehydes, aliphatic
and aromatic hydrocarbons, terpenes, and p-dichloroben-
zene. These findings were the same as a previous review in
which VOCs including alcohols, aromatics, aldehydes, and
halocarbons were concluded to occur in indeor environ-
ments (Wang et al. 2007). According to the analysis of the
association between age of the house and indoor chemical
concentrations, most of the indoor chemicals were not asso-
ciated with the age of the house. Only «-pinene declined
greatly with age. o-Pinene is mainly emitted from wood, so
this decreasc is considered to be due to the aging of the
houses. Cleaning agents are also important sources of
indoor chemical concentrations. Acetone and butyl acetate
detected in this study are used as these agents and are
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Table 6 Adjusted ORs (95% CI) for type of symptoms adjusted for chemical substances and other factors {n = 1,479)

Compounds Quartiles of indoor concentration
1 2 3 4
$BS Formaldehyde 1 2.13 (1.21-3.76) 2.28 (1.22-4.25) 2.35 (1.22~4.36)
Acctaldehyde 1 0.92 (0.55-1.53) 0.53 (0.30-0.95) 0.58 (0.31-1.10)
Propionaldehyde 1 0.55-(0.30-0.99% 1.03 (0.55-1.94) 0.62 (0.28-1.36)
n-Butyraldehyde 1 2.10(1.15-3.82) 1.80 (0.83-3.92) 1,41 {0.54-3.67)
Benzaldehyde 1 0.86 (0.50-1.50) 0.95 (0.47-1.92) 2.18 (0.93-5.11)
n-Octane 1 0.38 {0.20-0.75) 0.58 (0.31-1.11)
n-Nonane 1 1.40 (0.84-2.32) 2.39 (1.23-4.67)
1,2-Dichloropropane i 15.01 {1.16-194.86)
Chloradibromomethane 1 5.71 (226-14.46)
Optical Formaldehyde 1 1.97 (0.60-6.46) 4.24 (1.21-14.86) 1.74 (0.45-6.78)
Acetone 1 0.93 (0.25-3.37) 1.16 (0.30-4.54) 4.46 (1.17-17.06)
Propionaldehyde 1 0.20 (0.05-0.84) (.68 (0.18-2.59) 0.28 (0.06-1.40)
Hexaldehyde 1 0.20 (0.07-0.63) 0.19 (0.05-0.64) 0.33 (0.10-1.10)
11-Oclane 1 0.26 (0.08-0.21) 0.11 (0.03-0.38)
n-Nonane 1 3.63 (1.37-9.58) 9.48 (2.53-35.58)
n-Undecane 1 1.77 (0.67-4.63) 0.39 (0.13-1.16)
Ethylbenzene 1 0.43 (0.15-1.1%) 0.49 (0.17-1.43) 1.45 (0.49-4.31)
2-Butangne 1 2.61 (0.76-8.98)
2-Pentanone 1 0.68 (0.12-3.76) 3.38 (1.54-7.43)
Nasal Formaldehyde 1 2.89 (1.39-6.00) 2.59 (1.15-5.81) 1.74(0.74-4.10)
Propicnaldehyde 1 0.53(0.24-1.18) 1.22 (0.53-2.80) 0.72 {0.27-1.92)
Benzaldehyde I 0.82 (0.40-1.69) 0.81 (0.35-1.88) 1.77 (0.70-4.44)
Chlorodibromomethane 1 6.07 (2.07-17.85)
Gular Crotonaldehyde 1 1.61 (0.38-6.83) 3.58 (0.90-14.19) 8.82 {1.92~-40,51)
n-Butyraldehyde 1 1.69 (0.84-3.42) 1.19 (0.47-2.97) 0.13 (0.0440.46)
Benzaldehyde 1 1.37{0.66-2.83) 2.47 {0.95-6.37) 9.90 (1.82-53.72)
iso-Valeraldehyde 1 0.15 {0.03-0.76) 0.06 {0.01-0.27) 0.05 (0.01-042)
1,2-Dichloropropane 1 42.95 (3.20-575.81)
Chloredibromomethane [ 4.45 (1.55-12.75)
2-Pentanone 1 1.70 ¢0.67—4.32) 2,16 (1.28-3.65)
Dermal - Acetone 1 0.27 (0.09-0.78) 0.51 {0.19-1.39) 0.39 (0.12-1.23)
Propionaldehyde 1 1.07 (0.38-3.04) 3.37(1.15-591) 1.76 (0.43-7.24)
Benzaldehyde 1 0.71 (0.26-1.98) 0.43 (0.08-2.34) 11.68 {1.25-108.70)
iso-Valcraldehyde 1 0.87 (0.20-3.71) 0.32 (0.07-1.52) - 0.04 (0.01-0.36)
n-Octanc [ 0.11 (0.02-0.50) 0.45 (0.16-1.31)
n-Nonane 1 0.87 (0,20-3.7) 0.32 (0.07-1.52)
Chlorodibromomethane 1 9.05 (1.85-44.14)
p-Dichlorcbenzene 1 2.33 (0.90-6.03) 0.61 (D,25-1,49) 0.70 (0.28-1.78)
2-Butanone 1 0,10 (0.01-0.95) 0.74 (0.24-2.31)
Generat Benzaldehyde 1 0.36 (0.09-1.48) 1,75 (0.55-5.60) 1,11 (0.27-4.57)
Chlorodibromomethane 1 10.31 (2.38—44.69)

Adjusted for area code, gender, age of participant, tobacco smoking, time spent at home, alcohol drinking, mental stress, condensation, fungi
reported, pet, and passive smoking, allergic diseases, temperature, and relative humidity (for details, see Table 1). Chemicals were entered into the
models using a backward stepwise method .
OR odds ratio; CI confidence interval; SBS sick building syndrome. The chemical concentrations wete divided into four groups by the quartiles.
Blank columns mean that the quartiles have been removed from the multiple logistic regression model becanse of inhomogencous concentration

distributions
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significantly associated with SBS symptoms. We asked the
participants whether they used benzine and nail polish dur-
ing environmental measurement and nobody and 1.6%
answered yes, respectively. Though almost the same per-
centage of the people nsing nail polish might have used nail
polish remover including acetone or butyl acetate, there
were too few to analyze. The use of cleaning agents will
result in a temporal increase of the indoor VOC level. This
increase can énhance the probability of increased exposure
and possibly have an impact on the perceived indoor air
quality. The increase can also result in increased reporting
the SBS symptoms (Wolkoff et al. 1998).

There is no standardized definition of SBS at this time.
When defining the SBS groups, we used the criterion to
include subjects that reported any “continuous or sporadic”
symptom because this broad definition conld be useful to
find more potential risk factors (Wang etal. 2008). The
subjective symptoms observed in the present study could be
partially attributed to the indoor chemicals. Most of these
chemical substances were detected relatively at low con-
centrations, and it is unknown whether thers may be any
long term biological adverse effects to humans, Theiefore,
we can only suggest that there may be associations with

these low lavel chemicals and SBS; it is difficult to deter-

mine the associations until further toxicological studies are
completed in Jower concentration ranges. In contrast, form-
aldehyde could be concluded to induce SBS symptoms
because it has been detected at high frequenciés and in con-
centrations high enough to influence subjective symptoms
(Dally et al. 1981; Garrett et al. 1999; Krzyzanowski et al.
1990; Main and Hogan 1983; Ritchie -and Lehnen 1987).
Nasal symptoms in SBS are frequently caused by formalde-
hyde, but were not in this study. Further study will be
needed to determine whether it was just by chance or not.
Total VOC concentration was reported to be significantly
related to throat and respiratory symptoms in a study in
Japan (Saijo et al. 2004); however, no such relationship was
found in the present stady. It could be attributed to the pos-
sibility that the constituents of total VOC might differ
between the two studies because of response by industry to
regulations for several specific chemicals including guide-
line values and compulsory environmental monitoring by
the Japanese ministry in recent years,

There are some limitations in this study. First, the partic-
ipation rate was relatively low, so the generalizability of
our findings to the population as a whole should carry some
caution. We have posted to some nonparticipants in our
study and found most reason was they were satisfied with
their house. In addition, to some extent, our participants
were self-selected which might have introduced a volunteer
bias to the extent that nonparticipants differed from partici-
pants. Nonparticipants might have considered home visits
for environmental monitoring a heavy burden because they

were too busy to spare the time to meet us or they hesitated
to invite strangers into their houses. We had no information
on the nonparticipants. The actual prevalence of SBS would
be lower than our results suggast if the nonparticipants had
failed to participate due to Jack of interest because they had
no problems in their houses. We did not consider the mem-
bers of subjects as cluster but as independent from each
other. We analyzed data using the single level logistic
regression analtysis, not the multi-level analysis. Therefore,
the results were not corrected for the intraclass correlations
in our study. In this stedy design, we had no other choice to
prevent froth decreasing the number of the samples. Also
we collected subjects’ personal information by a question-
naire, and it resulted in the recall bias. At least as for the
association between chemical concentrations and symp-
toms, the bias was not predicted because subjects could not
know their chemical exposure level even if they had symp-
toms. Secondly, we did not sample, analyze, and identify
all of the compounds in the air. Other wnmeasured chemi-
cals such as reactive chemicals, particulate matter, bio-

"agrosols, and organic acids might also have influenced tha

subjective - symptoms (Kostiainen 1995; Wolkoff etal.
2006). We are planning to measure substances including
these chemicals in a foture study. As for measured chemi-
cals, limonene was a major compoenent of several cleaning
agents, but we did not ask the participants whether they had
used such agents. We could not adjust seasonal changes but
we considered room temperature and relative humidity rep-
resented seasonality to some extent. In addition, the mea-
sured concentrations in the present study were lower than
those in newer houses built within 1 year in which chemi-
cals would be emitted into indoor air at higher concentra-

- tions and more likely to cause SBS (Park and Ikeda 2004;

Sakaguchi and Akabayashi 2003). We investigated only the |
living rooms of the dwellings. It might be argued that we
should have investigated all of the rooms. However, most
Japanese houses are relatively smaller than Western houses
and have a similar chemical distribution. And as most Japa-
nese residents seem to stay in the living room for many
hours except for sleeping (Sakaguchi and Akabayashi
2003), we considered that exposure levels in the living
rooms represented exposure levels in the dwellings.

In conclusion, indoor chemicals in newly built houses
can be associated to SBS symptoms. According to our
experience, we further emphasize the importance of early
involvement of residents in environmental monitoring to
recognize the status of indoor pollution. To more thor-
oughly address the potential impacts of indoor chemicals
on human health, future work should target other chemical
substances to measure and more newly built dwellings
where indoor chemical levels are high. Moreover, we only
covered detached houses. The residents in single-family
houses reported much lower levels of complaints and
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symptoms than those living in multi-family buildings
(Andersson 1998). If these buildings were included as
objects of study, the symptom prevalence might be higher.
We have to involve collective housing in a future study.
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Have you ever seen dew condensation in your house?
Have you ever seen mold growing in your house?
Do you have any pets in your house?

Do any members of your household smole indoors?

Questions about personal characteristics and health com-
plaints to be answered by every member of the household

Please answer the following questions. If any member
of the household can not read or write, we ask that
another family member complete these questions on
their behalf.

How old are you?
What is your sex?
Do you smoke cigarettes? 1. No

Are there anyone who smoke cigarettes in yotr house?

Conflict of interest The authors deelare that they have no conflict of
interest.

Appendix

The questionnaire used in this study conducted in 2004 is as
follows.

Questions about indoor climate 1o be answered by one
member of the household

l.Yes 2.No

1.Yes 2.No
1. No 2. Yes

I.Yes 2.No

2. Used to 3. Yes
1. Yes 2‘. No

How many hours do you spend per day in your house on average?

1. Less than 8 hours 2. 8 to 12 hours

4, 16 to 20 hours 5. At least 20 hours

Approximately how often (days) do you drink alcohol?
2. 2 to 4/week
5. Rarely

1. Everyday
4, l/month

3. 12 to 16 hours

3, 1/week

How high would you rate your mental stress level in daily life?

1. High 2. Medium 3. Low

Do you have any pet in your house? I.Ne
Has condensation ever occurred in your house? 1. Yes
Has mold ever grown in your house? 1. Yes

@_ Springer

2. Yes
2. No
2, No
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Have suffered from any of the following health com-
-plaints during the last 3 months? (Respond “yes, always,”
‘“yes, sometimes,” or “no, never”: “Always” = at least three
times a week, and “sometimes” = once or twice a week, If
you answer ‘“yes,” please indicate whether you attribute the
symptom to your home environment,

Itching, burning, or irritation of the eyes
Irritated, stuffy, or mnny nose
Hoarse, dry throat

‘Coughing, wheezing

Dry or fushed facial skin
Scalingfitching scalp or ears
Dry, itching, red skin of hands
Fatigue

. Feeling heavy headed

10. Headache

11. Nausea/dizziness

12, Difficulties concenlrating

VW N e W
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SHS#HEEHY (n=55) SHSHAERAL (n=73)
{REHE R
(SHS#pY /SHSAEL) min 25% 50% 5% max min 25% 60% 76% max p-value
LR MM pg/m’)
Formaldehyde q 845 17.48 29.48 43.08 773 8.2 214 2837 40,75 8068 0.998
Acelatdebyda ' 12{ 6/6) <LeD 12,12 21,5 30,42 1084 549 1481 23.14 3275 11486 0.543
Acatone - - <LCD 10.18 14.49 22.05 452.08 68.73 12.2 17.37 25.66 374.07 0.057
Melhylelhylketona - <Lop 1.09 .1 2.83 18441 <LoD 068 138 2.68 22,84 0.275
Ethylacetale - <LGD 116 3.9 8.5 1779.07 =L.OD %] 263 6.34 439 0.093
n-Hexane - <Lop | 083 115 2.04 21.5 <LoD 087 0,05 1.95 18,11 0,18
Chlarofarm - <L0D @55 247 2375 4.84 <LOoD <LOD 0.9 236 478 0.04
1,2-Dichloroethane - <LOD <LOD <LoD <LoD 235 <LoD <L0D <LCD <LOD 511 0.024
2,4-Oimelhyfpenians - <LoD <LOD <L0D v «<LOD 1.47 <LoD <LoD <LCD <LOD 0.89 0,748
1,1,2-Trichloroethane bt <LoD <LOD <LQOD <LOoD 273 <LoD <LOD <Lop <LOD 205 0.728
1-Butanot —_ <LOD <LOoD 1.64 528 28,59 <LoD <LOD 0,82 27 26,98 0.21
Eanzene d 074 13 1.87 539 2139 <LCD 1.27 3.09 4.26 18.4 0.565
Carbon Tetrachlorido - \ <LOD <LoD <Loo 0.54 0.73 <LoD <LoD <Lob 0.54 0.66 0.354
2,2,4-Timethylpantans - <LOD <LOD <LOD <LoD 202 <LOD <LoD - <LOD <LOD 207 0.744
n-Haptane : - <LOD <LoD <LOD 1.16 14.25 <LcD <LOD <LOD 062 121,09 0915
Melhyliscbutylketone - <Lon <LOD <LOD o0& 568 <LoD <LOD <LQD 0.58 5.23 0.85%
Toluene a 122 48 834 1737 6a.73 147 4.94 7.85 17.08 207.45 0.559
Chlerodibromomathane b <LoD <LOD <LOD <LoD 1.25 <LGD <LOD <LOD <LOD 0.93 0.505
Bulylacetate —— <LoD 1.29 1.87 332 57.95 <LCD 1.1 2 3.59 &57.25 0.885
n-Octane b <LQD 147 281 7.64 62.44 <LOD <L0D 114 .09 14.84 0.005
Telrachloroefnylene - <LOD <LOD <LOD <LCD 18.95 <LoD <LaD <LOD <LeD 17.87 0.562
Ethy! Banzene 1] or 189 3.14 B.19 54,84 087 1.82 an 575 981,89 0,958
Elyrena 0 <LOD <LoD <LCD 0.88 6.09 T <00 <LOD <LOD Q.84 347 0.734
Telal Xylene C <LoD 3z7 8.14 188 20044 <LOD az .08 14.64 478.31 0431
n-Nonane - <LOD 195 8,08 19.04 266,93 <L0D [U% ] 2,39 7.0% 3728 0.001
@-Pinene - <LoD 0,87 1.28 7.29 179.24 <L0D 111 265 9.35 440.91 0.1
n-Decane - <LOD 597 Aoy 28.06 386,58 <Lob <LOD BT 11.97 125.03 0.008
p-Dichlorcbenzens ' 4{4/0) <LOD <LOD <LGD 451 154122 <LaD <L0OD .61 4.1¢ 126.48 2.585
Trmelhylhenzene - 1 312 8.13 23.33 296.62 <LOD 3,09 7.4 13.79 95,33 0418
Limcnene - LoD v2z 12.51 25.53 476,36 1.08 5.58 10.47 25.78 244.93 0.664
Nonanal - <LoD 0.95 1.68 257 26.84 <LoD 075 Jg1.32 1.93 54 0145
n-ndecans b sLOD 3.65 8.8 37.84 430.12 <LOD 235 4,66 11.05 103.16 0.043
Decanal - <L0D <LOD <LOD =<LOD .17 <LOD <LOD <LoD <LOD 213 Q.01
n-Dodecane ' - <LoD .95 259 58 A5 <LoD <LOD 1.64 288 15.95 G008
n-Trdecane — <LOD 0.63 143 2,55 161,62 <LOD <LOD 1,12 247 19,14 0254
T™VOC 19{13/8) 34.29 80.65 14E.19 373.66 4161.7 20.2 75.59 . 124.84 214.81 1769.03 0.08
2-Msthylfuran <LCD <LOD <LOD <LOD 27 <LaD <LOD <LOD <LOD 2.07 0458
3-Methylfaren . <Leh <LOD <1L0R <LOD 0,51 <LOD <LOD <LOD <LoD 0,69 0.849
” 2-Pantans <LOD <LOD <.an <LOD 344 <LoD <LQoD . <LOoD =<L0D 3.24 0.692
3-Msthyl-1-bulancl <LoD <LOD <LOD 1.18 12.03 <LaD <Lob <LOD 1.28 17.74 0.668
2-Methyl-1-bulanol <LOD <0bh ' <LOD <LOD 4.05 <L0D <LCD <LQD <L0D 4,26 0.602
Dimethyl Disuifida - <LOD <t0D <L0D <LOD 058 <LoD <LoD <LoD <L0D 0,74 0,487
1-Pentanal <LQD <LOD <LOD <LOD 237 <L0D <LCD <LOD 0.64 10.5 0.28
2.Hexanone <LO0 <LOD <LOD <LoD 07 <LOD <Lob <LoD =<LOD 0.75 0.095
2-Haplanena <LOD <L.OP <LOR <LOD 1.88 <D <LCD <LOD <L0D 1.5 £0.631
1-0cten-3-¢1 - ’ <LOD <LOD <LoD 1,16 16 <LoD <LaD <LOD o.M 448 0,029
3-Octanone <LOD <LoD 0.66 ' ?.79 58.31 <LoD <LoD <LOB 1.05 20.62 9.032
3-Colanol <LOD <LaD <LoD <LoD 313 <LOD <LoD <Lob <LOD a7 o7
Z-Penlylfuran <LOD <.0D <L.OD <L.oD 1.84 <LOD <LCD <L.oD <LOD 2,53 0841
2-Ethyl-1-hexanol <L0D 1,32 1,83 3,11 438 <LOD 1,23 1,73 2,85 747 0.339
dusl}
Dol <Lob 029 0.63 3.8% 18.77 <LOD 03 1.0 1.78 3421 0.86
Derpl <LoD <LOD <LOD 0.52 22488 <LOD <ton <LOD 039 17.15 oz
Derd <LOD 0.38 1.80 4.2 23.01 <LOD 0.73 1.61 3.81 34.28 0.944
Endotoxin (EU/g dus) T4 1958 3407 4889 43048 605 2491 3696 120 34948 [ AkK]
1618 47 238 328 578 1517 0.325

£ -gluean (ng/g dusty 28 183 331 4848
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