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House Dust and Its Adverse Health Effects

Atsuko ARAKI, Yu AIT BAMALI, Rahel Mesfin KETEMA and Reiko KISHI

Hokkaido University Center for Environmental and Health Sciences

Abstract In this review, we examine house dust and its effect on inhabitants’ health. Residential house
dust includes components from plants, pollens, microorganisms, insects, skin flakes, hairs and fibers. It also
includes materials contaminated with chemicals from combustion, furniture, interior materials, electronics,
cleaning agents, personal care products. Nowadays, most people spend their time indoors. Thus, dust is an
important medium of exposure to pollutions. According to United States Environmental Protection Agency
Exposure Factors Handbook, the estimated amount of dust ingestion is 30 mg/day for adults, and 60 mg/day
for children over 1 year of age. Since 2003, we have been conducting epidemiological studies to find the asso-
ciation between the indoor environment and the inhabitants’ health. The levels of mite allergens, endotoxins,
and B-1,3-D-glucan in house dust were measured as biological factors. Semi volatile organic compounds
(SVOC) such as phthalates and phosphate flame retardants (PFRs) in dust were also analyzed. As a result, we
found that the ORs (95%CI) of nasal and optical symptoms of sick building syndrome (SBS) were 1.45 (1.01-
2.10) and 1.47 (1.14-1.88), respectively, when there was a 10-fold increase in the levels of mite allergens. There
was no association of mite allergens with allergies. Endotoxins and f-1,3-D-glucan did not show any associa-
tion with SBS. Regarding SVOC, increased levels of phthalates and PFR increased the risk of allergies. The
association between phthalates and increased risk of allergies was clearer among children than adults. There
were no gold standards of dust sampling and pretreatment methods. Thus, caution is needed when comparing
findings of various studies. Methods should accurately reflect exposure levels.

Key words: house dust (/~7 A & A }), miteallergen (¥ =7 L /L% ), endotoxin (v N kF V),
B-1,3-D-glucan, semi volatile organic compounds (HEFEFEMEA AL AW)
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AATH>THEAY, ED, TREFROVIE A
FEOWKANRD Z LWL - TRROBENZZ 5 4,5,
NTARANCETN, BHEPENREIhOWE L
LCiE, £=7VvarvHEE, M oAy, 6
e OBEEE, HRATEBRILKFE (Polycyclic aromatic
hydrocarbons: PAHs), #EERM A LAY (Semi-volatile
organic compounds: SVOCs) & L T7 Z AT 275 L
REAT =/ = VEHRED T T AF v 7 ] PFICBIREE
E#H, 7 mr eV RRAIRED Y v REHE, Vv REERH,
RV ARG YM'E  (Persistent organic pollutants: POPs)
LLTHbhAR A v v EERER B v
FbaY, RIBER[ERA I ENChECRFEI LT
% (2), FHEHDIX, 20034 X 0 BNBREL & EEE O
BT B F A FEm L (6), FAMFDOL=T L
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Fwx, 2 0o DEFE G ICEFEPIILE i L7 1
DHOWEE, FREAREELSRIC, LR, EE 4
WE, KW, WL, dbuN o4 6 #ils TR L (B
T, BEEETA) , 2003 SR R— 2 T A VAL LT,
56RO TS 6,080 if 4 [HEERERP | o
DI U, BERMGRESE 2825 L, RmEs
[T & 722282 F D 5 b, FENE DR ICETICIL,
2004 F D 3 EHGE L CHMC X 2 ETRERE
S Lo, FHAMEEUL, 2004 4 425 BF, 2005 4F 270 §F
2006 E1% 186 B TH 5,

2 OHOHAL, FEEHFIC LTS (LUIF, %#E
A, 2008 FI/NFR I T FSa—F L, LR, fB)ll,
B, KB, fEEo4ESs #i o 22 EAN /T
b 10816 Ao E I E MG A 2L A Bl Urc, LI
Tl 20092010 IZFEFEME BN 2FE O HE 128 if &2
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WTCERTT » KRBT A TH D, BINEDORE A THEML
TWw5b,
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7 ) —F—ICHF DX A N EER AL LT, #HAEEN
WHEL T WD, WEELEAT AZ AN BIL, EZ0F,
HOHE, Sk, B, BWERE ORI B X,
I AFUTEPAR —20°C TRA L Tz,
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3) BT LT DN

HHE Lo X A %300 um D %5 5\, 5mg D
Fine dust (300 pum @ HPH & Al U 72 MHEE) 22 b 29 b o
TeX= YreaveR=FhEhOR =FEKHIRT
%% Der fl, Der pl KX OZDR Der | & =7 Ly
Vi E LU TREMMCH e (EE FIRE, 0.1g/g fine
dust) (7, 8), £ =7 VA VYOGHIL =7 LAy
v Der pl/fl HIE* » b (=5 = F KGR SH) &
T, ELISA ¥ (Enzyme-Linked Immuno Sorbent Assay)
W=7 = WAL (ZEHR) 258 L7,

4) Endotoxin & £ TU* B-1,3-D-Glucan D53 #7

Ny AR AN T E AR L, Endotoxin 1%V & 4 A
ES2 v v /7 A5 A by a— (FYGHIZRTE) & *v
J A — % — ET-5000 %\~ TE & L 72, B-1,3-D-Glucan
X, E—=V—AZ2—AF v b ZIHD w707 L —h—
WAFT 4 v 7 ETH 5T, WThoEEd, FEHEE
KRSt AN k2 F o h v 27 238 (KRIT) Cl
L7z (9),

5) 7RINVEBETRATIVEEIUVY BN T XATIVED
oW

SELI225mg DX A M7 & b v BRI L CHEE
L, OO L% gas chromatography-mass spectro-
metry (GC/MS) Selective lon Mode (SIM) & %\~ gas-
chromatography-flame photometric detector (GC/FD) % F
WC7 ZABRT AT VETALEY, 7o VBT AT L,
V) VRN V) = AT AL R ST L (10-12),
SATE, WL & v 24— (EEHE) B X O
rh 55 (B 5 H B I 1 2 KB i e i = v 2 — (ORI
JiF) W THEM LT,

6) FEDRIGEE 7 RIVEET X TIVEKBEIIO D
FEMETE, W-FOROARY M REIEL
Rtk D 7 2 V= 2 5 VG, B-glucuronidase/
arylsulphatase T2 v 7 v v A H VIR LD B, N-
methyl-N- (tert-butyldimethylsilyl) -trifluoroacetamide #5351t
4T\, GC-MS (SIM) 12T, Ardedg @ 5 Eps -1 &K
P s G v v 2 — (KB T L7z (13),

7) BEICETHAER

vy 7oy AEBERECES 4 5B MY, Andersson 1T X
Hiw 7 EAT 4 v ZREBEROERIZE MMO0SO for school
(INFA) F8 X OV MMO40EA (KA &7z (14), T fde
7 U AF =B R, FEF R T
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x1 NIRZRMROZ =T LIL4 Y, Endotoxin, B-1,3-D-Glucan & vy 77 /\77 RFE(EEE
TLIVF—EDREE
BR R IERIN OR (95%CI) 51 H
=T VvAry vy 7N ASEBERE BRI 1.45 (1.01-2.10) ®)
vy 7Ny ASEBERE IR ¢ 1.47 (1.14-1.88)
T & ° 1.07 (0.64-1.81) (16)
T ke 1.07 (0.73-1.57)
TUAF—ERKL 124 (0.91-1.69)
T UL — Pk 1.20 (0.77-1.85)
Endotoxin oy 7o AFEBERE TR © 0.36 (0.10-1.40) 1)
B-1,3-7 1 v vy 7oy AMEBEREC T IEI © 2.05 (0.61-7.24)

CI: confidence interval, OR: odds ratio
BEEZ 1L Logl0 IRFREIC £ T VI A

P, AR, MR, T v F -, K G &R cIik
DGR, WA OEE, MEBoBGEY, Xv S xR, JEBE THE
SR, AR, T UVAF—BE XV TR ATHK

B, 7uvaF¥F—Hag 7TuraF—EEEE 7T e—
PRI 98 DVRIRIE %, “FHE 4 Tl ISAAC (International
Study of Asthma and Allergies in Childhood) H ARFEM % H

Wiz (15),

3. XA MHRBERYMEL (BEED) ETEL
PRk

1) &YWFHER : £ =7 LT >, Endotoxin, B-1,3-
D-Glucan

NG ARANFR=ZT VAV by 7N AREERE
FILOT7 v F—LoBl#, FrEEFERic st
720 Derpl ORI 46.8%, Der fl ORI 86.9%,
Der 1 (Der pl & Der f1 OFD) & L Tik 89.4% DELT
Bt ah, TRl (25-95% fiE) 12 1.26 (0.44-6.93) pg/g
dust 72572, Der 1 2N 10 f51 /s o 72, v v 72 N7 A
FENEHE D FAE IR+ X OMRAEIR D A4 » R H(95% 15 B )
e 145 (1.01-2.10), 147 (1.14-1.88) TH -
72 (8) (D, —J, 7vaAF¥F—LofFEBdirs L
Hbitenodc (16, 17), T OERD—DE L TiE, &K
PRk T s £ =7 vy vigh i, Elk»4ELr 5
L IR T % 10 pg/g dust X HK< (17), 7 v
F—A"DEENLDNDHREFE LV ST > o2 &
Ezbhb, T, KFRIIBEHIETH D0, 7V
AE—DBBNIE =T VALY v EFFATA 7 AKA
LIS E, BECh ARRE ORISR EZI - T\
ELHBRELTELZOND, —T7, ¥y 7 T AEER
DESERICONCTIEERK BOED « ML XA X5,
IRAERIC O W TR H NP e H O e F 27 F 2735 &
W o FERMEED X 51, HAWEILIELIES B, H
DLDERIZHERHENS LHET D, Lo EEIT
ERH D EER LT D, 7 UVAF—FEOERTIEIH S

B, TUAF—EOFWTHEL C b, £=7 v
NFE VX BEETT UV AF—~DEE L 3 LT
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Do o T, HETIET VAF—FEDIERNH 5D, 4+
W5 L5 0o iER R E 28613, ERAY T &k
CTHERE L THEOREAWE ST L0 Ebbh s,
Endotoxin ¥ X OF B-1,3-D-Glucan 122\~ Tk, i
L L THE L7z, Endotoxin (% 7 5 & &t B o fll i B
R T A Y B MKV ARV o H T A NT,
Endotoxin O W A 23 )2, FE, TR a4 U 5 7e i
HENREIN TS (18, 19), M /e lggRic X
D7 UAF—MolRAEb S5 b HRE SN T
W5 (20), mznmmmmﬁﬁ@%@%m%£MKﬁ
T BHES T, BTN H D WG 7 S B e A
LéT%ﬁﬁ@éQmoEE®ﬁ¢E@EEﬁ,$W
X AL DS NECZ EDN—RITIED SR, B
Nic—EBEOMBECERNTFAET L L 3#T LR
o\, FEEDIER L IcFERMETE, ~T AL AL
oo fE (25-75%) % Endotoxin 7% 3604 (2310, 5559)
EU/g dust, B-1,3-D-Glucan 7% 332.7 (201.7, 537.4) ng/g
dust T, v 7Ny AEBERE L OBSEILRD B -
72 QD) NA > O E i L T (22-24), HATIL
Endotoxin, B-1,3-D-Glucan &34 70 o foted, FEIR &
DRFFE AR BT Dy - ICHREMED B o (RVERFE L <L
wiE, $taR <, WA T A EENAE G E VoI
EKDFTAT7AZANLDEELTWD I ENEzbRD,

-
—

2) {LEMER : EEREERLLEY (TRIVEBIRT
VEE, UVER N TR TIVEE)
R R L & (SVOC) (X, b s 2% 240 ~
400°C & 7 v 7 e FECHRBEAE RIS (VOO XD
BN TRFECL A IS 5, T EnA,
FEMRE L L, EEDIILA VRO T A AT AT L
M, IOV VB Y 2 AT AHE DK LT, 7 2 L[
IATAEOS L, AER-RBEEDCRDE W
DEHP (di(2-ethylhexyl) phthalate), 35X 0% DfUEHE
DINP (diisononyl phthalate) (%, T4 Vb€ =1
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K2 NVRZZAPMNRTRIVBBTIRATIVEBRE

hERE (hg/g)

(i)
DEHP BBzP DnBP DINP
R EZ AT
HAALIE (FERAr) 1107 2 17 139
HA 6 Mk B i) 759 1.9 19.3 95
ElEs| 1190 5 77 —
K 304 21 20 —
Frw—7 858 30 — —
KA 480 13 29 80
Wk 22w
HAALIE (F#RA) 2293 4 34 203
HA 6 Hullk G damt) 854 1.9 20.6 92.3
“iE 753 1 20 —
AY = —F v 770 135 150 40
Fyw—7 210 3.7 15 —
TAHYT 990 330 150 —
R T -zl

BBzP: buthyl benzyl phthalate, DEHP: di(2-ethylhexyl) phthalate, DINP: di-isonony! phthalate,

DnBP: di-n-buthyl phthalate
(zmk (10) % & &I fERD

K3 NJRZZAMRYVEEN)TRTIVER

rhoRfEE e (ug/g)

()

TNBP TCEP TCIPP  TBOEP TPhP TDCIPP
R EX A
HAFLIE (PR <LOD  <LOD 0.74 30.88 0.87 <LOD
HA 6 Mk B i f) 1.03 5.83 8.69 508.32 451 2.80
RERZY 0.01 — 0.03 — 0.09 —
A 0.23 0.50 3.80 9.40 1.90 0.12
KA 0.13 0.20 0.74 0.73 — 0.38
N F— 0.13 0.23 1.38 2.03 0.50 0.36
N—==7T 0.05 — 0.90 1.55 0.50 0.07
—a—Y—F VR 0.08 0.20 0.35 4.02 0.60 0.23
WE &2 -
HAALIE (FmHA) 0.74 1.17 2.23 26.55 3.13 <LOD
HA 6 Hulk G dand) 1.15 8.26 25.81 110.51 11.54 10.81
AT 2 —F v 0.30 2.10 1.60 4.0 1.20 10.00

T kT =L
LOD: limit of detection, TBOEP: tris(2-butoxyethyl)

phosphate, TDCIPP: tris(1,3-dichloro-2-propyl) phosphate,

TNBP: tributhyl phslphate, TCEP: tris(2-chloroethyl) phosphate, TCIPP: tris(2-chloro-iso-propyl) phthalate, TPhP:

triphyenyl phthalate
ik (12) % & & fERD

(PVC) omT#FIE LTHWOR S, WTFhoWE b #
NEEHEE LT, BATIEE A NhOBEERERL <L,
HoHruwizm (2, coflhe LTy, Hihe=n
BLONIER 1L, K TIEECKRM ToFM L, HA
DL DIEFTIHERLKHAL L THAVWLNDL Z LB
bb, KoHZ LKL, BESCRKIFCLH-LRICEE
ORI KX D, HEEZLOWMBG TR T
L, PVCEMEZHER LaWEA LKL T, +ofif
KR, BE RHADS B, 2, 30FTE¥Mz 5 &
X A kv DEHP, DINP EENE L 7eb 2 L XA L

T3 (10),

VUIE s ) T AT VBN, HERME RN & LT Fic
PR B, v v & v M, RHERS, AL S,
TLAEBFECHCON TS, BRERERAI DD,
ERAoATHM I X v BARTIRECKIZ KT TV v R
BRFNNEBAT LT, FRic7 e —) v 7 OROFPF & L
THWH A TBOEP (tris (2-butoxyethyl) phosphate) %
Ihed, %< OWHEO X A P ARREEIOKE, Py, <
F L CIrbN I RTTE L b SR EORE D ED -
72 (33) (12),

(133)
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PIEEFEFAT O R D, 7 2 LE= A 5 L DEHP
PEEN10 510D &7 VA F—iEEE o+ » X,
DINP EEE M E N M7 L AF—EEDY 2 7 7,
DINP %5 J 08 BBzP (Buthyl Benzyl Phthalate) #2J% 25\
CENT N E—WFELAD ) A2 HFERERAEBCH T
oo XBIHBRENC L1, VIR T [FEL] &
15 Eo KA #HEELICSEA, FELTED 7
2B AT VEEOBHNEEE CH - (K1) (25,
—Jj, Ny AXARBERRERRETHY, JFHE
FEADOBFEEREEZ R LTI\, F 2T, FEHHk
TEHFELDRBWEL, 7 2 A BT 27 AVHD R
WREARE LT, 758, 7AABT AT AHD X
A b FR DEHP 1%, F &b ORFICHE T b DEHP O
#% MECPP (Mono- (2-ethyl-5-carboxypentyl) phthalate),
¥ X 083> © DEHP R % © F1 (MEHP (mono (2-
ethylhexyl) phthalate), MEOHP (mono- (2-ethyl-5-oxohexyl)
phthalate), MECPP), ¥ L ORI » D HETE L
DEHP — H & & A M %2R L e, MR,
BBzP & = D4 MBzP (monobenzyl phthalate) &
FIOHeE—HERE L OFERMEELZ R L (F4
(13), ZoFsHE, £2~2 T E L © DEHP = BBzP 2
FRO—HTHH Z L&mELT\\5H, X5HIC, DEHP,

-
—

A Children: P for trend=0.007
Adults: P for trend=0.041
= 10
o
S
LN
)
~ 1 on
24
(]
0.1
1st 2nd 3rd (tertile)
BBzP
C Children: P for trend=0.010
100 Adults: P for trend=0.017
-~
-
% 10
>
Ln
=)
Nt
x 1 on
(@)
0.1 .
1st 2nd 3rd (tertile)
DEHP

[ 1

100

-
o

OR (95% CI)

e
-

-
o

OR (95% CI)

e
-

BBzP & & I HIBIREIIIR X A P THIZ 2~ X b &5
hotr, ZANFD7 2 AT 25 VSHEFE IR & A b
TE7VvAF—D) AZ7HERTH -7, E A+ Tlk
HERBHENHD O o el & LT, WE Ak
IO BIREA LML OBBERNLE N ENELZ DR, R
RIS & OFBAI A 2 » X0 LR X A - TAE
Mol kR —#HT5, b, TELIETAAID L&
ENMELIRITEWZ 12z T, KRTilHES, Kufil-7:
FAROCANSLRE, KDL A DORALCTEA I
ENEZBND,

— 5T, RPREWEBRE L7 v A ¥ — L OBEIILES
Nt (5 26), oMb s LT, Rt
W BRI LIS O B A SR H I D OBEER b Iz 7o
BEThH, RMPELEHIRKES -, —T, ~vAL
AN OHRPRE T D ENRBE D H2BE—ET, IR
HHE OBRER % S U 7= rI BN E 2 b, Fhe, TV
NF—ANDEENAD SN A D= AL ELT, XA
EDEMIC X B R TORB, T v aAF—fEkE LT
BoRITREENE 2 bID, LhL, 72 AR AT
NPBBIC L AT VAL F—RIEEAD 2 = XA DN T
1}, XHLIHHPLETHS,

VU UBEN Y T AT AT DOWTITL,

-
—

i Bk TNBP 3

Children: P for trend=0.010

Adults: P for trend=n.s . % & 16
[ [PSIRA
on %
1st 2nd 3rd (tertile)
DiBP
Children: P for trend=0.049
Adults: P for trend= n.s
on % *
1st 2nd 3rd (tertile)
DiNP

REXRAMNRTRIVBIATIEREETLUILE—)RY (BERhvs FED), XTNIKEL A b7 2 A 25 AR

HESRLE L, DL EENMENE 1 256, YEINCE 1 ZE5MO7 vAF—) 227 % 1 b ULEBEOE 2 206, §3 2560
OR Mk L7, @TEL) & 95% BHKMAY OFRTRT, AEAELAEBD, Thth7 € —MWEEAR LK E BBzP, DINP,
ETFTCHNT LAF—VEREL LK EDEHP, /i F D27 LA F—PEag L IR E DINP, (CCHER (25) % 3 & fER)
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K4 ZRAMRTZIEBIRTIVEE ZNENORFBRBEH & DIER

R
DEHP MEHP MEOHP MECPP XDEHP Daily Intake XDEHP
/NI 0.14 0.08 0.16* 0.17* 0.24#%*
ML 2 A 0.07 0.13 0.23%* 0.17* 0.11
BBzP MBzP Daily Intake MBzP
Kb AT 0.30%* 0.27%%*
k20 2 b 0.17* 0.19*

Spearman’s rho; * p<0.05, ** p<0.01

BBzP: buthylbenzyl phthalate, DEHP: di(2-ethylhexyl) phthalate, MBzP: monobenzyl phthalate, MECPP: mono(2-
ethyl-5-carboxypentyl) phthalate, MEHP: mono(2-ethylhexyl) phthalate, MEHOP: mono(2-ethyl-5-oxohexyl)
phthalate, XDEHP = MEHP + MEHOP + MECPP

Ok (13) % & & fERD)

K5 FEHLORPITRIVEBETZATIVERSMET LILF—EDRE

Wi IS 7 UL — P IR R 7 b e —VERE %
OR (95%CI) OR (95%CI) OR (95%CI)

MiBP 0.77 (0.59-1.00) 0.93 (0.75-1.16) 0.83 (0.67-1.04)
MnBP 1.03 (0.56-1.92) 0.76 (0.43-1.35) 0.88 (0.50-1.54)
MBzP 1.13 (0.81-1.57) 0.95 (0.70-1.28) 0.99 (0.73-1.34)
MEHP 0.90 (0.68-1.20) 0.84 (0.65-1.08) 1.01 (0.79-1.29)
MEOHP 0.92 (0.54-1.57) 1.05 (0.66-1.68) 1.16 (0.73-1.84)
MECPP 1.01 (0.66-1.55) 1.06 (0.73-1.54) 1.27 (0.88-1.83)
SDEHP 1.10 (0.67-1.82) 0.89 (0.57-1.39) 1.07 (0.69-1.65)

CI: confidence interval, MBzP: monobenzyl phthalate, MiBP: mono-i-buthyl phthalate, MECPP:
Mono(2-ethyl-5-carboxypentyl) phthalate, MEHP: mono(2-ethylhexyl) phthalate, MEHOP:
mono(2-ethyl-5-oxohexyl) phthalate, MnBP: mono-n-buthyl phthalate, OR: odds ratio

YDEHP = MEHP + MEHOP + MECPP

ik (26) % & &I fERD

xK6 KERAMRYVEBIATIVEERELTLILF—LOKE

I 2 TUAF—RR 7 bR ER
OR (95%CI) OR (95%CI) OR (95%CI)

TNBP 2.85 (1.23-6.59)* 0.77 (0.45-1.34) 1.56 (0.83-2.95)
TCIPP 0.87 (0.33-2.35) 0.99 (0.62-1.58) 243 (1.28-4.61)%**
TCEP 1.16 (0.42-3.28) 1.22 (0.74-2.00) 1.66 (0.82-3.35)
TEHP 2.16 (0.73-6.42) 1.59 (0.87-2.90) 1.83 (0.82-4.07)
TBOEP 1.15 (0.51-2.62) 1.27 (0.83-1.18) 1.01 (0.57-1.81)
TDCIPP 1.85 (0.96-3.58) 0.82 (0.63-1.99) 1.84 (1.17-2.88)**
TPHP 1.60 (0.55-4.67) 1.12 (0.80-2.15) 1.86 (0.92-3.75)

CI: confidence interval, OR: odds ratio, TBOEP: tris(2-butoxyethyl) phosphate, TDCIPP: tris(1,3-
dichloro-2-propyl) phosphate, TNBP: tributhyl phslphate, TCEP: tris(2-chloroethyl) phosphate,
TCIPP: tris(2-chloro-iso-propyl) phthalate, TPhP: triphyenyl phthalate

Tk (27) % 3 L fFR)
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