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Abstract

Element concentrations in house dust samples collected from 10 households in Metropolitan Tokyo, Japan, were
measured with ICP atomic emission spectrometry and ICP mass spectrometry to obtain general information on elemen-
tal composition of house dust in Japan as well as to get an insight into the source of Pb in it. Calcium (median,
3.6%), Al (2.4%), and Fe (1.2%) were the major elements and alkali and alkaline earth elements followed. Enrich-
ment of Cd, Cu, Pb, S, and Zn compared to the crustal abundance indicated anthropogenic pollution of house dust
with these metals. Particle size generally inversely correlated with element concentration: smaller particles likely to
be ingested by hand-to-mouth activity contained more pollutant metals. Factor analysis revealed large loading of Pb,
together with Ba, Cr, S and Ti, on one of four factors extracted and this result indicated that Pb in house dust was
from paint. Since unintentional ingestion of house dust can be significant source of Pb for Japanese children, search
for Pb-containing paint in indoor environment and removal of it was suggested to be an effective countermeasure to
reduce Pb exposure level of children.

Key words: Z=MNE (house dust), Ju#HI% (element composition), &1 (lead (Pb)), #Eiii(source),
[KI-F-453#r (factor analysis)
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Table 1 Particle size distribution of vacuum
cleaner trash (wt %)

Particle size Median Min-Max
>2000um 54.3 38.7-70.9
1000-2000um 25 0.9-8.7
500-1000um 2.8 1.5-8.2
250-500um 35 15-5.7
100-250um 5.0 2175
53-100um 2.8 1.4-7.8
<53pm 8.1 24177
Unknown 12.9 6.3-19.8

Unknown
31%

<53um
20%

1000-2000um
8%

250-500pm
10%

500-1000um
9%
53-100um
10%

100-250um
12%

Fig.1 Median weight % of 6 size fractions of house

dust samples (particle size <2mm). "Unknown"
in this figure is the weight of fibrous matters.
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Table 2 Analytical results of NIST SRM 2583

Indoor Dust
Element unit Mear'\\/liasslgril 10) Certified value
Al % 1.95+0.06
Ba mg/kg 25812
Ca % 3.28%£0.11
Cr mg/kg 63.4%52 8020
Cd* mg/kg 7.87£1.13 73£37
Cu mg/kg 245128
Fe % 0.963£0.031
K % 0.848£0.023
Mg % 0.898£0.033
Mn mg/kg 225+9
Mo mglkg <15
Na % 9.70%£0.26
Ni mg/kg 97.6%+7.1
P % 0.209%0.007
Pb* mg/kg 83.2£39 85.9%7.2
S % 4.76+0.13
Sr mg/kg 1046
Ti % 0.214=£0.011
v mglkg 23.0+0.9
Zn mglkg 94444

* Determined by ICP mass spectrometry. Others were by ICP
atomic emission spectrometry.
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Fig.2 Box and whisker plot of homogeneity of element concentrations within size fraction as a
function of particle size of house dust samples. a, Al; b, Ca; ¢, Pb; d, Cd. Vertical axis
denotes % difference in element concentrations of duplicated analysis. Size fraction 1 to
6 on the horizontal axis denotes 2-1mm, 1 mm-500um, 500-250pm, 250-100um, 100-53um,
and <b3um, respectively. Open circle and asterisk denotes sample with % difference
exceeding 1.5 times and 3 times of interquartile range respectively.

Table 3  Element concentrations in indoor dust ¥
from households in Japan* a
Element Unit Median  Element Unit Median F’E
Al % 2.44 Mo mg/kg <15 Ni
Ba mghkg 218 Na % 0.974 "
Ca % 3.56 Ni mg/kg 36.2 Mg
Cd  mgkg 0432 P % 0.126 f
Cr mg/kg 34.9 Pb mglkg 58.5 P
Cu mg/kg 151 S % 0.330 cd
Fe % 119 s mgkg 947 e
K % 0.833 Ti % 0.174 04 1 10 100
Mg % 0523 Vv mgkg 359 EF
Mn mgkg 313 Zn mgkg 506 Fig.3 Enrichment factor (EF) of element concentra-

* Median concentration of 6 particle size fractions of indoor
dust collected from 10 households.

tion in house dust samples. For the definition
of EF, see text.
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Box and whisker plot of element concentrations on size fractions of house dust samples.

a, Al; b, Pb; ¢, Zn; d, Ca. Size fraction 1-6 and marks in the figure denote as in the

footnote to Fig. 2.
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Cd, Cr, Ni, S, Zn(Fig.4c) TH - 72, RIRIT L 591
F—TCDORBEARLIZDIECa, K, NaTdh » 2
(Fig.4d),

TLHRBEE DD D ICEF &R ERORRE RS &,
RLFEAS/ NS 185 L EFH ES L 72D I3Cr, Cu, Ni,
ZnT, TOMIFTXTRAERICL S VA, 2-lmmD
EFKE L, TN FRIZIE—EDEFZRL 7,
3.2.6 EFSH

TCH[E T+ DBE A F X B o b 1T B NEE T R T
KO WCTHBANHT 21T - 7o £ DFERZH DI —
TTERTHICEBESHBER RV SN, OB
B % & IR 217 - 7ok R A Table 4127
L7ce 7YY = v 7 RAlistk o KB a1
A BNT 4D, T OART-THAATRE 7y

Table 4 Result of factor analysis

Factor 1 Factor 2 Factor 3  Factor 4
Al 0.779 0.301 0.233 0.439
Ca 0.674 -0.020 0.144 -0.186
Fe 0.860 0.328 0.149 0.221
Mg 0.858 0.078 -0.066 0.107
Mn 0.819 0.403 0.064 0.283
Sr 0.877 0.130 0.020 0.199
Ti 0.735 0.144 0.455 0.036
V 0.860 0.349 0.068 0.122
Cd 0.139 0.786 0.280 -0.059
Cu 0.288 0.850 0.163 0.100
Ni 0.217 0.732 0.098 0.114
Zn 0.184 0.786 0.280 -0.059
Ba 0.385 0.289 0.552 0.474
Cr 0.408 0.544 0.612 0.129
S -0.270 0.308 0.516 0.167
Pb 0.318 0.306 0.719 0.148
K -0.011 0.239 0.211 0.869
Na 0.287 -0.231 0.047 0.588
P -0.454 -0.186 -0.230 -0.029
Square Loading 6.219 3.635 2.154 1.843
% variance 327 19.1 11.3 9.70
Cumulative % 327 51.9 63.2 72.9
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D20ILFHED 53T 21T - 720 Table bld T D207LH D
BEEICo VT, AROF -0t LbDT
bHb, CORDPTAMEDF—41F, HEHRD
12D HF FDF—#IdbHHE T100-250um 57 [#H D
2R L7, BFigdalimlLizkoic, EN
BRI/ « U LIch T, D43
THREPRESEEZR LICLRBEZ D - 1o, Al
Fels &, THERETRBE SR DS A F 7%
4 F) ZITHNRTRORE D - 1255, TR
£B5bDTHBLEEZOND, WF ¥ BLUAF
) ZOENEOSTTE, &5 0 bEIMLEEE L TH
i « IR L 2B REIT-> TV B D, T
AER Oy A BRIEEZ DT 5 2 LB TEIL W, AL
Fe, Mn, Ti7s & DL (3 THEP R EE D 7 1 [
Bt 2L EHENBDT, AFEDLHITT v
(LK% D L 7o i@ 2 i 150 & R I FERR &
D BIKEZE RS, T NLIANDILFE O NITEM 13 fiFE
DB IHFHZTRVWEEIOLNDE, CNHILHE
IR O SCHERE AT TOREM & FIEFE Uh, K
IR DS HPMEVEED & DL -1, ELIC
€d(0.432mg/kg) (3 /1 F ¥ (4.3mg/kg) & O —H{KH» -

Table 5 Comparison of element concentrations
in house dust in Japan and other
countries

Element  This study (n=10)* Canada (n=48)* UK (n=32)**

Al % 3.20 229 0.741
Ba mglkg 235 442 -
Ca % 3.30 453

Cr  mgkg 457 69.2 -

Cd mglkg 0.432 4.30 11
Cu mglkg 199 157 326

Fe % 2.05 1.32 0.828
K % 0.884 1.01 -
Mg % 0.809 0.929 -
Mn  mglkg 453 267 501
Mo mg/kg <15 1.70 -
Na % 1.18 1.80 -

Ni mg/kg 46.9 51.5 53.3
P % 0.101 0.127 -
Pb  mg/kg 55.4 222 178

S % 0.225 - -

Sr - mglkg 114 249

T % 0.225 -

V' mglkg 59.3 22.0 -

Zn mglkg 492 633 665

* Element concentrations in 100-250um fraction and ** in <63um
fraction.
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t2o Pob 1 F A £ RITHANTEEMKL,
HADOZENEOERBHRL NIVIFHEW T LA
VIR oY I A

Table 3i1c/R L 7ok 5 &, EHNEIZ E»
50 O TIEEHERROR FEALTVWS EF A
oh, Lichi-o TENEDTO TREED DI ES
—iRiE, tEREICEEN TV EILRICHKRT B &
FEiLoNb, COREERINT B0, RBET
FAVERE 2 e & L cEF 25 H L 72 (Fig.3), EF=
1f33E D5t 3% (Ba, Cr, Fe, Mg, Mn, Na, Ni, Sr, Ti, V)
3, HESOREAICK > TENERICHEET ST &
ZIECRELTVWE, THROBENERO NS
FRoRIFIIENCH D, ERITIERIEI TV D,
H o> THHEERENERICHRTHEGHARKE BV
TEERLTOVD, —H, EFP1IED bHEEICKE
Wit (Cd, Cu, Pb, S, Zn) 1F, N5 DILFHETIHGE
SNt HHEP KRG EER & DMk T DIRAD S 5 1]
M2/~ LT\ 5, Furuta et al. [Z B SLEN TEREX L
T RKMED LRI E S &, EFZEHLTL
%Wy R THNRE LIt D S B, >1lum
DR D KGHWEETEFA310~50D 6% 1%, Cr, Cu,
Ni, Pb, V, EFA350~100(3Zn, 100%#8 % % LI
FCAdNH - 72 T DD ILFKDEFIFSKIGTH - 72
DT, TIHLERATPTOMENRAT S ETEN
FER DPb% 13 U Cd, Cu, Zn7s & OEFW E5 L 72 A]
MDD 5, 7z, HEENOAREOKE HEDOHh
1213, BHS 2 ITCd, Cu, Pb, Zn?s T & » TIHRS
nricbonERBINTBDY, ok BT ENE
AT 2 EENED N SILHEDEFD AT 2 AffE
Wb %,

—7, THgE, RRUMEES EEAH GRS
b, BENITTERED S > TENED N 6 IRIEE
DEVWAREE O BETE RV, [EEOENELE, %
DA D13, B TEEE, SRRSO EA RS
BHTE £ 1 2 8RR & OMHBY & P~ iR o hicid,
ENE L EN Y — 2 DRNTHBIN S WS A &
NTVBM 707 4 ) HiTBI 2 HETE,
FENERS SRR R O, (FEOEFEH, &
BICRYFEZBE S THhODFERILEITL > TEHT
5TE0G, ENICHRTAMERODHL6DLEE
HLTW3,

4.3 ZEREQHECE MLFYERE
KRB OB A IC 3— IR E/ NS Wid &

TEGALFIVE DI E 185 T EDHIONT W B,
TNFRIEEANS WIS BHERRES A X 5D,
RS T 2 THEG A 2 ko 1E, R
DHRIMEDOHA L & bIcHffHERED o OSSR
DHEZ, FERNICBENS BN OTHELEEL
bNb, BENEICOVWTHRENNSS LD ELED
SRR T 2 HRIO b 5 ILFEN D - 120 AWFZE
THPRRE LI200cKD 5 5, KENNSL755
L BICEENERMIC ERT RIS D > 12D 13
Cd, Cr, Ni, S, ZnTd - 7z (Fig.4c)s T D 9 B4, S,
ZnlZ ENEHREFD 108 E & ABEIFEOEGRDH %
CEMHATHY, T LR EENEDOEImMIC
THEGed L TWET 20075 TEAE L TV B afREHEAS
b5, NTAFOFERT, ThoHENFEANTIC
KEBBEMEEE-> TV (Table HDF, Dk
S TEROFEEPHEUL TVWE I &tk b0
b L, —4, Poldikb/NE ORI TEE
WRPMT L (Fig.db), Zn/s E &0, Al
Fe, Ti’s$ & EFAM L 7R TH - /oo EFCTHRETT 2
L, Zn, CABEFRBEN/NES L85 EEBITEFD
ERTNCKE < 1 5 7253, PbOEF &R ORI 1F
FRICM OB & 750 - 7o L LZENEEFPOOEF
310& O KT, ANARBHERPED 2L FHEFETH
b, INHDT EDD, KTOLKIEREEBIGRE W,
THOERETHEOIETENEEZELL TV 5Pb
LBELIEHELTVWEEDEEZ LI ENTE S,
FNEEH hand-to-mouth THERKIT & MITHIDAE N
B1wici3d, FITNET B &0 D BB AR 2 LEH
bbb, FILATET 20 IEMIM/NIRFTh 5 &
FZ 5N 5, Yamamoto et al.l3, FBEREIEO Tt
&HLICh T ORRES %2 L — ¥ —hES et 2w
THIE L, 40~50umZRMAMEE L, BB K250
pmPl FOR P EHE LTV A EE2HEL TV
5%, AKWFROFER, £ < OILFEN100-250umd 5
W (E53-100um D 73 i THeEEE Z /R Lic 2 En b,
FIRABELLPTORROK FIIENED LTI
FEOESWA T THh b ENERINI, Licdi-T
hand-to-mouth(Z & 5 EWNEED IEEXWJEIUC & b 73
S E IR A SIS 2121, 250umbBL R O 43 [
DR ERKD 5 T EWARAIRTH B LR TE %,
LI DR E X D/NSVRIEDES, Fig.2icx
Lickswcitlog—HeRB<ms07T, Nt ko
RIED DIV E WS R 5, 72721, BiRD X
I, fRBRHEOME Yy 7 2@ T 5, H 5V IS
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Aung et al. 233 U THE D % HNEEF P %
& L R EE 11 Tmgke)”, T OfEHRAE S S ITH
ANNEOPOEIEIC HD 2 ENEDHGNKE
WHREME 2 FERE L 7o s, AR TR S ncENED
PbiR[E (3 Aung et al. & O KWV (K E250mEL D
57 1 O B - 13 71-88mg/kg) & DD, K E 7S
7238 - 120 ENEED hand-to-mouthZ5 1T £ 0 /N
WKL AE NS ET1IE, Aung et al. SHEE L /o=
NEEDPHIEIRENDHF GO KX S 2 LT 54R
Th b,

Table 41c/R L 7cRIFotrofE R, ENET D
PbOEEJFRICOWT/RIEE 5 A TW5A, PhidFE3INRT
DEMENR G > EbRKEh -7, TORTICEME
MR ZWILHIIBa, Cr, SBLUTIT, INoDLHK
RN S TR T b 5, BAENTIRICK
LRI, FRITR Y F A28 - THi 5 B
THWI EMD, »OTORCKTRIEICT - 7258
RO FEER 1T X 2 ENEREGRMEEIT SV EEZL
LT3, LrsENTREEROPVEEE IZE
£ D WS A (0.06% A ) D H F Rk (HARZE R T
ED)WH D, L LAFEDRT M OFER 1,
FENEPPoIFEREE ] 5 OBGRMNH 5 T & &R
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E o HFERKICES L2 OWEEDE S NI Y)mn =
WITHBAE N, Thh o OHEER 1T X 3 EWNEES
QD E[REVEDS B %, Table 41/ L 22 &k O KT
d, 20D 1%%HAT 2K TFTh 205, PbD
A1 5, DIEO R D ENED IR
RS I IE D ORE B 2> TV 5 T & &R
LTWw3,

b LENBETOPYPEETICHRT 26062
WEThE, REMWNS KB EICoNTRIFTHERAIC
BIENEL B0, Zns EDeRERB Y, RiE
DR ENHF VIAETHE VW & batMN DL, T
DHEPONERT & L TENERICEALTWS &
TNIE, POOF/ERE IFENEBER O LS 3

BAfRTH 2 H 5, PHIEEE &R o R Bl
HERWRSTH 5,

772 LPbId S 1A (D K1) P 552K (75 4
THEDOHNT) & T NE10.318, 0.306& FFLE D £ faf
BAHR - Tz (Table )45, THidPbiGgelL 71
BORACE2E5bH 5 EE2R LTS AEEM:
Db B, BibD XS, HEEHHNOLNEERE I
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FPhbDOEFICOVWTER L7, TOFEE, FENEE
DPbL NV IHIBREEE X 0 K&, ANATHGRN
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DREPEFRTEORASZDDZFFS %2 LTV S H]HE
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TEeHicld, ENEPPHEE L NVEK NS E
BT EDNMET, ZTOLEDICIIENTPEEZL S
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