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Abstract : Pollution characteristics and health risk assessment were evaluated for heavy metals (Zn, Cd, As, Cr, Cu, Ni, and Pb) in house-

hold dust samples in regions of Jinzhou, Liaoning Province. Sixty—two household dust samples were collected from eight villages around the
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Jinzhou ferroalloy factory. Polluted areas included A, B, C, D, E, and F villages, while control areas included G and H villages. The results

showed that the average concentrations of Zn, Cd, As, Cr, Cu, Ni, and Pb in household dust samples from polluted areas around the Jinzhou
ferroalloy factory were 980.23, 7.98, 17.48, 164.65, 118.87, 39.82, and 154.06 mg-kg ™', respectively. The concentrations of heavy metals in

household dusts of polluted area were significantly higher than those of control areas. Analysis of the geoaccumulation index indicated that

Cd in household dust samples was at serious pollution levels. Principal component analyses indicated that the potential source of heavy met-

als in household dusts was industry activities of nonferrous metallurgy, atmospheric deposition, combusting coal, and so on. The potential

cancer risk to adult and children exposed to heavy metals (Cd, Cr, Ni, and As) by household dust was above the accept risk level. Contami-

nation of heavy metals in household dust and health risk assessment should be given attention.

Keywords : household dust; heavy metal; index of geoaccnmulation; health risk assessment
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Figure 1 Sampling sites of household dusts in polluted area and control area
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Table 1 Classification of index of geoaccumulation
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Table 2 Parameters of average daily exposure of heavy metals in

household dusts
B2 Y HUE Values
Parameters Signification L Children A Adults
IngR/mg-d™! LN IR A 200 100
InhR/m?-d™! ER|A 5 20
PEF/m’* kg SO HE 1.32x10° 1.32x10°
SA/em?-d”! A5 IR R AR 1600 4530
AF/mg-cm™-d” AU EY 0.20 0.07
ABS Rz T i 2 % 0.001 0.001
EF/d-a’ ET TS 350 350
ED/a TR AT IR 6 24
BW/kg SRR T 15.0 55.9
AT/d S R R (IE o) 365%6 365%24
SR R e] (B0 365%70 365%70
CF/kg-mg” A RA 1x107° 1x107

x3 AEEEEMNSEFTE(RD)MBERE R (SF)
Table 3 Reference doses(RfD) and slope factors(SF) of heavy

metal for exposure

JLH [ RID s0/ RID pse/ SK/
Elements mg-kg'-d" mg-kg'-d'  mg-kg'-d" kged!emg
Zn 3.00x10™" 3.00x10™ 6.00x107*
Cd 1.00x107* 1.00x10°* 5.00x107° 6.4
As 1.23%x10™* 3.00x107* 3.00x10™* 1.5
Cr 2.86x107° 5.00x107° 2.50x10™* 42
Cu 4.02x107 3.70x10 1.90x10°
Ni 2.06x10 2.00x107 1.00x10° 0.84
Pb 3.52x10°° 3.50x10° 5.25x10°
AR
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Table 4 The concentrations of heavy metals in household dusts(mg-kg™)

I JLH IR/ ME S ON] brifE2 ¥fH JUAEIE AL E
Areas Elements Minimum Maximum Standard deviation Mean Geometric mean  Background values®
V5 YLK (n=43) Zn 200.7 3454.02 791.00 1187.64 980.23* 63.5
cd 1.68 21.32 5.59 9.57 7.98% 0.108
As 8.60 39.48 6.69 18.55 17.48% 8.80
Cr 53.74 861.16 165.11 205.64 164.65% 57.90
Cu 30.58 446.78 79.29 136.62 118.87* 18.20
Ni 17.89 305.96 42.97 46.21 39.82% 25.60
Pb 37.65 1 104.66 68.83 189.54 154.06% 21.40
X HRIX (n=19) Zn 111.66 2197.73 575.37 522.44 386.01 63.5
cd 1.04 6.66 1.55 3.79 3.44 0.108
As 6.57 25.21 19.45 13.13 12.49 8.80
Cr 2231 62.37 10.99 48.81 47.24 57.90
Cu 31.96 520.11 104.21 98.61 79.74 18.20
Ni 10.74 40.89 7.85 29.59 28.24 25.60
Pb 27.78 104.96 20.86 55.71 52.11 21.40

TE 3R 5 Y X 5 0 IR AP AE 35 25 57 (P<0.05) o

Notes : *indicates significant difference between the polluted area and the control area(P<0.05).

x5 AEMXRELPFEEZEIE (mg-kg')
Table 5 Contents of heavy metals in household dusts in

different regions(mg-kg™)

HuX Regions  Zn Cd  As Cr Cu Ni Ph
AR 675.00 237 — 8270 19.00 52.60 123.00
HERG 33529 1.69 — 10229 67.54 21.08 114.03
LAY 39697 266 — 7838 73.96 5233 124.34
I 166456 550 —  221.10 29270 —  235.40
PR 322.00 225 — 4750 5820 33.90 72.90
R 219.00 080 —  63.50 7270 23.60 74.40
P 621.10 — — 94.00 100.70 157.50 148.40
AFFE 1187.64 9.57 18.55 205.64 136.62 4621 189.54
(J57X)

ENGIS 52244 379 13.13 4881 98.61 29.59 55.71

(X HRIX)

FEF A Zn As Cu B B & T ER 2 —28,A
PR Cr & R X AT RE S8R 4 T s b i %
T HERCE L ) LRl R R B B B A G
23 ENRLEESETEITN

WL TELEELSEST RETH IMESRE
(3 EFRHE B (L., , NFE 6 FTR . W LLE W, 7875 Y
DX DX 25 1l SRR BRI 43 318 Cd>Zn>
Pb>Cu>Cr>As>Ni #l Cd>Zn>Cu>Pb>As>Ni>Cr, X T
YL IX N, Cd AL TR E BTG Y, Zn 2 T E R
1HY, Ca FMIPh AL FHEETG y, Cr b TR P BV Y, As
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Figure 2 Distribution of heavy metals in household dusts in polluted area
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Table 6 The index of geoaccumulation(/,.) of heavy metals in household dusts

JE 15 Y:IX The contaminated areas Xt B IX The control areas
Elements AFF BAf CHY D F¥ ERf F R ¥fH GF¥ HHf ¥(E
Zn 2.97 3.76 4.55 3.58 3.76 3.36 3.64 2.79 1.60 2.46
cd 5.48 6.25 6.59 5.56 5.48 5.12 5.88 4.66 4.32 4.55
As 0.65 0.29 1.23 0.35 -0.06 0.47 0.49 0.07 -0.16 -0.01
Cr 2.45 1.12 1.76 0.20 0.24 0.43 1.24 -0.84 -0.83 -0.83
Cu 2.00 2.32 3.10 2.38 1.64 2.54 2.32 2.09 1.33 1.85
Ni 1.09 -0.02 0.59 -0.15 -0.06 0.28 0.27 -0.36 -0.40 -0.38
Ph 2.29 2.19 3.34 3.50 1.89 1.90 2.56 0.88 0.64 0.80
F7 ENRLHPESEIEBIRXE
Table 7 Non—carcinogenic risk of heavy metals in household dusts
WX JLE B Adults JLE Children
Areas Elements HQ 501 HQ s HQ ot HI HQ st HQ se HQ ot HI
YK Zn 8.49x107 5.60x107 8.53x10™* 6.46x107 7.91x107 4.18x10 3.34x10™* 4.21x10
cd 2.07x107° 1.37x10 8.34x10° 2.20x107 1.93x10°° 1.02x10"! 3.26x107 1.05x10™!
As 3.69%10° 1.00x10™! 3.04x10° 1.03x10™ 3.44x10° 7.45x10™ 1.19x10°* 7.46x10™!
Cr 1.50x10° 5.65%107 3.44x107 9.24x107 1.39x10° 421107 1.35x10°2 4.36x10™!
Cu 7.69x107 5.51x107 3.27x10° 8.78x107 7.16x107 4.11x10 1.28x107 4.24x107
Ni 5.02x107 3.42x107° 2.08x107 5.50x107 4.68x107 2.55%107 8.15x10™ 2.63%107?
Pb 1.14x107° 7.55%107 1.53x107 7.71x107 1.06x107° 5.63x107" 6.00x10™ 5.63%10™
o B IX Zn 3.34x107 2.21x107° 3.36x10™ 2.54x107 3.12x107 1.65x107 1.32x10™ 1.66x107?
cd 8.94x107 5.90x107 3.59x10° 9.50x10° 8.33x107 4.40x107 1.41x10° 4.54x107
As 2.64x107° 7.14x107 2.17x107 7.36x107 2.46x107° 5.32x107" 8.52x10™ 5.33%10™
Cr 4.29x10™ 1.62x107 9.87x107 2.65%107 4.00%10™* 1.21x10™ 3.87x10° 1.25x10""
Cu 5.16x107 3.70x10° 2.19x10° 5.89x107 4.80x107 2.76%107 8.59x10™ 2.84x107
Ni 3.56x107 2.42x107° 1.48x107 3.90x107 3.32x107 1.81x107 5.78x10™ 1.86x107?
Ph 3.85%x10°° 2.55%107 5.18x10°* 2.61%x10 3.58x10°° 1.90%x10™ 2.03x10™* 1.91x10™
Ni 1 As H S B0 XS KT 1107, 4b T A A] 45 [R5

SRR o 15 YL X 5 IR X 5 L2 Cd 308 X
Wi , R T 1x107, R W5 YL IX 50 BRIX 28 AR
H CdXP N 5L B B BT K . RS JLE
Cd.Cr.Ni As (13509 KU 2 R B R 15 e X e X BRIX
Horpig QX N L2 R i 4 Fh il 4 s 1 52 5 Bl X
B FEHU RISK 3 S % BEIX 1 2,32 485 R 2.324% (3£ 8) .
RS HT R AETS G X X BRIX & R A H Cd L Cr,
Ni As F975 40 SN 5 LB R —E 5

25 ERREHPESERIEST

ENF 7 R 4 & Pearson AH M43 BT 4l

R FETF G X BR w0 (Cr) 5 w(Zn) \w(Cd) PA K w(Ni)
5 w(Zn) Z 8 TCAH K R AM(P>0.05) , HiAth oo 3= Z ]
1k 35 A5G (P<0.05) , R B AT Z A "] BB HA AH

=
i
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ik &) R ENBAL N EEE
FERE, X5 Y X = R 7 R 4 R K
FHEAT TR, NER O BT R o 7RI 42 Y 43
{5 BRI DL 24> 8043 (PC1 AT PC2) [ B 69.07% , Bl
o i PR 32 2043 AT B 28 B A% i e 4 3R B0 HIE B A
o3fF B.. PC1INTJT 2 5Tk 4 54.23%,Zn .Cd . Cu . Pb
fEPCl F B A ; PC2IW T Z ik E N
14.85%, Cr As Ni 7 PC2 [ HAG # @i . A %
BHE R, 2B R 45%~50% K B T 112 AR R
,2%~3% K A TRRBHARERY, 464
JE IR B HEL R 2 N A R ) R BRI
—B BRI, Zn . Cd . Cu . Pb 5 LA LK HA ML
() b BR Tk 22V 5, 728 A P 4 LABR AR 4 i T X A7
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Table 8 Carcinogenic risk of heavy metals in household dusts

WX JLE BN Adults JLE Children
Areas Elements RISK i RISK s RISK RISK RISK st RISK s RISK RISK
VY X Cd 5.59%x107 3.69%107 1.12x10* 3.80x107 1.30x10°7 6.88x10° 1.10x10°° 6.89x107
As 1.07x107 7.04x10°° 2.14x107 7.26x10° 2.48x10"! 1.31x10° 2.10x10°® 1.31x107
Cr 6.54%10° 4.32x10™* 1.31x10° 4.45x10°* 1.52x10°* 8.05x10™ 1.29x10° 8.06x10™
Ni 8.90x107 5.87x107 1.79%10°° 6.05x107 2.07x107 1.09x10™ 1.75x107 1.10x10™
RISK; 4.32x107° 7.81x107
X R X Cd 2.20x107 1.45%107° 4.42x107° 1.50x107 5.13%107° 2.71x107 4.33x107° 2.71x107°
As 4.60x107" 3.03x10°° 9.24x107 3.13x10° 1.07x10™ 5.65x10° 9.05%10 5.66x107°
Cr 4.67x10 3.09x10™ 9.39x107° 3.18x10™ 1.09x10™ 5.75%10™ 9.20x107 5.76x10™
Ni 5.97%10” 3.94x10° 1.20x10°° 4.06x107 1.39%107 7.34x107 1.17x107 7.35%10°
RISK; 1.86x107 3.37x107

R TRRXENREPEESEERS AN

Table 9 Principal component analysis of heavy metals in

household dusts
i H Items PC1 PC2
FRIEAR 3.80 1.04
DR/ % 54.23 14.85
SR BTk R/ % 54.23 69.07
Zn 0.35 -0.19
As 0.06 0.29
Cd 0.41 -0.20
Cr -0.22 0.53
Cu 0.18 0.12
Ni -0.18 0.49
Pb 0.34 -0.07

fE,Zn Cd \Pb X = RO R AT A B B B s 4R
FELED), 255 AHPE BT R Zn . Cd  Cu . Pb Z [A] B
A 5 E N (P<0.05) , RIIE, V5 YL X i 25 P Ao
Zn .Cd.Cu .Pb FE GGG HIBHRIE S A K 16
AR PR A B AT Zn (Cd | Cu  Ph AR 2 25 B 25 76
i, BRI A Z R TS YIX Cr [
Yo T e AR AR R A R B, AT Y X
B2 R R E Y Crig Qe i F X 4 B n R
LA W B BT 1, B 2k A5 Y KR B Hh (1) Cr ot
RO R Z BB A SN 1 0 R CR TREA
FNUTEL, I, G g S B Cr RS 4%
FNW) Cris Y 5. 1M As 5 Niv5 Y BRI T R
A", H As 5 Ni Z [0l B A i 25 40 5 Mk (P<0.05) .
I, V5 e X 2 AR R As 55 N5 3, R85 8k
Ga) RERIE A .
— 836 —

Xif BE X 28 P R 2 B 4 S T R A T R I As
Cd.Cr.Ni . Pb7E PC1 I HA5 4 & 1 % (71.06%) , Zn
CufEPC2 FH A 3% (16.90%) . Xt BE X b F A7
AR AL , 52 F) 2238 DAl iG shsg g/, = A
HESE FEORIETE NG, AT R eI
AR As (Cd . Pb EZAE P T A N BT
SRR R X BRI R E R AR SRR AT B A
W, PR B X 28 Y B2 R As L Cd L Cr N Pb E 25k
RTZE PRI BN R E 2, A DR LU
B A4S, O AnH ] S RE B i de L A BE 4
4 530 4 8 PRk A N R AN LR
HIBLIE TR P & A Zn Cu 5 H 4 8, SRR I 7%
SrE M E N A E SR TR, P B IX
FENFALHTELE FERIET = NIRE L E N &
4 A B L PR B AR B b

3 #ie

(DICTHMERG &) s R X R REEEN
A EGR ST ERE S TXHIX ;Zn. Cd. As,
Cr.Cu.Ni .Pb WP GBS T TH LEES
JE S EH

()NG4 X e R = N Fe
4B A0 5 2 b 3 T KU RN TS e A B
oK1 F TR B A R B R A A p AR e
BRI I BEAR R

(3) 3t RBUEEOT M 45 R R THM RS 4T
Sl 75 G IX i B A e 2 N B v Cd 1975 Y R A
5, 7 AN EE N FRR Cd V5 L i 6T o

(4) it e RUBS: PE A 485 SR SR WL T MRS 42T Al
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