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HUANG Hao' -," XU Zi-qi*, YAN Jun-xia' ", ZHA@Xiu-ge’, WANG Dan-lu’
(1. Institute of Loess Plateau, Shanxi University, Taiyuan 030006, China; 2. Department of Environmental Science and Engineering,
Beijing University of Chemical Technology, Beijing 100029, China; 3. State Key Laboratory of Environmental Criteria and Risk
Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China)
Abstract: The presence of heavy metals in indoor dust is a world-wide concern owing to its negative impact on humans. In this study,
we collected indoor dust samples from urban and rural residential areas during the heating season in Taiyuan City. We then identified
the concentrations of 11 heavy metals (Cd, Co, Cr, Pb, Mn, Ni, Cu, Zn, V, As, and Hg) using inductively coupled plasma-mass
spectrometry. Based on the concentrations, we categorized the pollution levels of indoor dust using the geo-accumulation index and the
pollution load index. We further identified the sources of heavy metals using the enrichment factor and principal component analysis.
Finally, we evaluated the potential ecological risks of heavy metals via the potential ecological index. The results illustrated that (D with
the exception of Co, Mn, and V, the mean concentrations of Cd, Cr, Cu, Ni, Pb, As, Zn, and Hg in indoor dust were higher than
the soil background values of Shanxi Province. There was a significant difference (P <0.05) in the concentrations of Co, Cr, Cu,
Mn, Ni, and Hg between the urban and rural areas. 2 Overall, the pollution degree of heavy metals in indoor dust was identified as
moderate in the urban area of Taiyuan City, but slight in the rural area. The indoor dust sample in the urban area was not contaminated
by Co, Mn, and V. However, it was slightly polluted by As, Ni, and Hg. In addition, it was close to moderately polluted by Cd, Cr,
Cu, Pb, and Zn. In the rural area, the pollution degrees of all the metals, except for Hg and V, in indoor dust were lower than those
in the urban area. 3 The As, Cd, Cu, Pb, Zn, and Hg in indoor dust for both urban and rural areas might have mainly originated
from anthropogenic sources. The pollution sources were mainly transportation and industry in the urban area and coal combustion and
indoor smoking in the rural area. The Co, Cr, Mn, Ni, and V in indoor dust in Taiyuan City might have mainly originated from natural
sources. @ The ecological risk of heavy metal pollution in indoor dust for both the urban and rural areas of Taiyuan City was relatively
high, with integrated ecological risk indexes of 359. 43 and 471. 02 in the urban and rural areas, respectively. In addition, Cd and Hg
were the largest contributors.

Key words :indoor dust; heavy metal; sources; ecological risk assessment; Taiyuan City
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Table 2 Heavy metal content of indoor dust in Taiyuan City/mg-kg~

TR Pys /IME R FARMME JUE BRRE iR GRS fRE PR

1

Cd 0.20 0. 08 1.20 0. 56 0.49 0.47 0.26 0.10 4.81 0.30
Co 0.20 4.28 12.09 8. 19 8.02 0.19 1.59 10. 10 0.79 —

Cr 0. 00 4.80 492.42 133.92 82.21 1.03 137.30 55.30 1.49 200. 00
Cu 0. 00 8. 10 282. 68 68. 40 53.62 0.76 52.15 22.90 2.34 100. 00
Mn 0.20 255.21 711. 49 443.94 431. 68 0.24 106. 92 532.00 0.81 —

Ni 0. 00 5.55 103. 47 40. 46 34. 69 0.56 22.61 29.90 1.16 50. 00
Pb 0.02 5.01 128. 13 50. 29 44.84 0.44 21.97 14.70 3.05 300. 00
As 0.20 9.63 28. 61 17. 42 16.97 0.23 4.00 9.10 1. 86 30. 00
Zn 0.20 31.81 645. 96 291. 60 255.21 0.47 136. 85 63. 50 4.02 250. 00
Hg 0. 00 0. 00 0.57 0.10 0.07 0.98 0.10 0.02 3.12 0.50
\Y 0.20 23.29 66. 62 48.79 47.89 0.18 8.92 63. 40 0.76 —

)B4 R IT R & A LI 5 R S A LU



2146 ®

B 42 %

JE [ 25 18] 4 A7 5. 2 B [ 4 SR B T R bR
HEPY e bR (AP A M B Y SRR IR
FIWTE 4 JE S Ex AR fa FE Y, R Cd A1 Zn %
e R bR, AR 4R TR & E AR,
2.1.2 WS EREXENKLESE S EETET
11 FhE4JRICE Y, 5 Pb, Hg 71V &b, Hi4x 8
FhOTER & &3 R I W X & T AR B FE . o
Co. Cr, Cu, Mn Fll Ni 7 &R A IX 8% K FA4&
FRFEAL(P <0.05) ,Heg &8 X B E R TR (P
<0.05) (F3). HpIoZzE & X kR Z [
AREEF(P>0.05). WM ZRESETEEGE
M55 T RE 53k & Z M scim i R W =X ARk
RURN Tl AE = N R i 22 57 A 0. AP R AL
115 B i X g K A W R 4R R e E E R
BN B ARBRSE AR K 3 AN SRR SN T RBE
1B R T A 7 B A K YR b R gk B AR S BRI IX
R E R IR P A S 52 Tolk AN 28 By i AH
S X SR/, AT 30 T8 55 X i
A, HR R AR TIF 5T 1) 26 U8 A 0 45 SR AR B ORBE AT 2

90% 19 25 11 SR JH % . 109% S FYSlER 1 R0 T

3, AT I P 1 BB i g:%-ﬁ
3 S T R | (R R B DR A
3 KETHLEARLESBE me-Ke ™' -

.~ Table 3 | Statistics of the heavy metals in ur?hn dnd ut

2 I.“. indoof‘l‘illlst in Taiyuan City/mg-kg 1
g T g RH 4 P
Bl brifEzE HfE bnifes P
Cd, # " 0.61 " 0.28 0.51 0.24 0.41
Co ™ 833 1.79 8.04 1.36 0.05
Cr 224.91 147. 63 45.26 11.58 0.00
Cu 97.61 60. 76 42.19 20.75 0.00
Mn 499.76 111.55 386. 65 63.63 0.01
Ni 56. 54 22.89 25.61 6.48 0. 00
Pb 49. 26 25.05 51.49 18. 10 0.33
As 18. 20 4.37 16. 68 3.52 0.24
Zn 321.72 140. 95 258.96 126. 16 0.91
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Fig. 1 Boxplots of the geo-accumulation index (1,,,) for 11 heavy metals in indoor dust of urban and rural areas in Taiyuan City
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Fig. 3 Boxplots of the enrichment factor (EF) for heavy metals in indoor dust of urban and rural areas in Taiyuan City
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FHOCHE ST M vl LA 2 8 4 Jd 2 50k [ R —T5 4
PR X R IX % N K 42 Cd-Cr-Cu-Ni-Pb-Zn-
Hg . Co-Cr-Mn-Ni-Pb-V | Cr-Mn-Ni-Pb-V | Cu-Ni-Pb-
Zn-Hg, Mn-V | Ni-Pb-Zn-Hg F Pb-Zn-Hg 2 [a] A #
BEIEAHIE(P <0.01), Cr-Cu-Hg Z [A] £ .35 1EAH
K(P<0.05). 11 FoCERP, As (U5 Zn Z[HAA
WEIEMKE LR, S HATEM R 2, £ W
As 1 Zn W] REA LSRR, (HJE V 5 Cu, Zn 21
F BB FE AR, KWV 5 Cu F Zn BRI
KK TR X EN KL H Co-Cr-Mn-V, Cr-Cu, Cu-Pb-
Zn, Mn-V HI Ni-V Z [B] 1 @ 3% [EAH K, Cd-Cu-Pb-
Zn, Cr-Mn-Ni-V Fl As-V 2Z [8] i3 IEAH 6. He 5 4%
JCRZ A0 3 AH G HEWr He nTRE S H B &
EIRBRIEAR (£ 4).
2.3.3  FERSHT

FREFEAEAE KT 1 A0 SR, SR MR 2 A J5 Tl I X
JRRIXZE N 11 P S RERT 4 D F5r,
EI 2 0HCR N 87.66% (£5). FR1 T2

Tk A 38.23%, Cd. Cu. Pb, Zn Fl Hg AYZR T4
L5390 0.90, 0.86, 0.88, 0.89 F10.73. Cu,
Pb Ml Zn A5 Y IR AR BT R R ER R
PERIL 2SI Zn A CA . BER MRS VA7 SHE
T FEAL NI G R S 23 BRI Heg A1 Ph. LAk, 2L
BBR A Ph A, AR PR EA Ca A Zn . K
TR DA 16 4 HUBR A TR g R SRl
BEIR AL Tk 3T, HOR G i 2 B AR I Y
A HESCHk[29],2019 AR T RATR A =
168. 37 Jii. Bk, F 5 1 vl g E 22 AN Y
M, BRI T 5 38 V5 Y IR, Tl A 7= s Py BR
5 TS 2 N Co, Cry Ni IV 404, Hoy 22 50k
8 28.05% . 454 R 4 Al L, KR T 3K IX Co

Ni 1V AR ZET5 Y, BT E s 4
Cr i) EF FOZ8ALIE M 0. 11 ~ 8. 15, [a] it 32 5] [ 4%
U85 NMIEER, 7B B 1| B — 2 iER
fr(0.34) Kk, FAL5 2 EZORIFE TR LR, A
HARUE. A5 3 77 22 DTk %N 10. 89%, As 193k
faffe s 4 0. 91. As EIABEAR bR EMEITER. 11 Fhoc
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R, As U5 Zn Z R HA BEM KR, 5 HAbT
RAACHBA 3, 70 As A1 Zn FTREAG HEALLAY R TR,
LA B0 3 AR AR, o] B BRI, FE ks 4
()7 22 STHRF M 10. 48%, Mn 1Y 284 555 M 0. 93.
Mn SEdbFehrai e 2, 2N T i/, 2

B 42 %
X2 KA A Min B LA (EAR T L PG 45 33 7 5

fH,Mn 5 Co Fl VR E EAHG (K 4). HIH, F
Ay 4 FERIES F s 2 A, A AR, 28 BT
B REFER X A RIXE N KA As, Cd,
Cu, Pb, Zn Fl Hg & & EZZ NONIRIEZM 1 Co

Z A A AR RN O ARBESE hORJETT Cr, Mo, Ni MV & 252 [ ARIR .
F4 KETHLIBREENRKREF 11 HELESEHXKE
Table 4  Correlations between the heavy metal contents in indoor dust of urban and rural areas in Taiyuan City
X 35k JLHR Co Cr Cu Mn Ni Pb As Zn Hg \%
Cd 0.22 0.50™  0.71* 0.25 0.50™  0.80™ 0.17 0.61*  0.65* -0.08
Co 1 0.71™  0.04 0.60™ 0.51*"  0.43* 0.31 0. 04 0.18 0.73 ™
Cr 1 0.37* 0.54™  0.69™  0.55™ 0. 10 0.17 0.38* 0.57™
Cu 1 -0.04 0.49  0.69™ 0.22 0.72*  0.53* -0.35"
Mn 1 0.28 0.27 -0.05 0.05 0.03 0. 46 ™
BIX Ni 1 0.52* 0.22 0.56™  0.46** 0.01
Ph 1 0.30 0.64"  0.59* -0.00
As 1 0.40*  -0.01 0.0l
Zn 1 0.40%" " g% 050
H 1 snnl® /406
v » ! 1
Cd 0.03  0.21 0.42© #0.03  0.28 0.42*/ £-0.02 | 0.34* 007 47020 |
Co 1 0.53"  =0.01 0.60* 0.5 021/ L 0.3 011 0210 & o808
Cr 1 0.43 ™ 0.40*  0.29 0.41" ~0.05  =0.01 0.03' .| ~0.37"
- Cu . . ) '.,9." 1225 0.28 0. 0.024  L0.47"  0.32 £0,12
Mp’ T F -4 0.31 0.29 / 50.03%, -0°05 -0.14 0. 48 =
A it ) & 7 & 1 0.28/ 025" 020 -0.02 7 ;
po=1 Sy 5 i = LS o oser 018 e -0h03
hs & # ,-‘ 4 1 -0.14 -0.18 0437 *
I i ) B 1 0.12 -0.24
7 YVl 5 . 1 -0.17
S o 4 ,..'-""! 1
1) s ZmP <0.01, #5475 P <0.05
x5 AETHIEREENKEPESESEFFAIITHIBEREB T ER
Table 5 Rotated component matrix for the heavy metal content data of indoor dust of urban and rural areas in Taiyuan City
X A
JLR A5 AR A oy
1 2 3 4 Ifr] B2 1 2 3 4 5 L fm] g2
cd 0. 90 0.19 -0.01  0.11 0.86 0.12 0.19 -0.09 0.15 0. 89 0.87
Co 0.37 0. 86 0.25  0.08 0.95 0. 94 0.09 0.14 -0.10 0.16 0.93
Cr 0.34 0.87 -0.06  0.23 0.92 0.92 0.20 0.09 0.11 -0.04 0. 90
Cu 0. 86 0.20 0.13  0.18 0.83 0.32 0. 60 0.16  0.55 -0.04 0. 80
Mn 0.11 0.22 -0.01  0.93 0.92 0. 65 0. 14 0.56 —0.16 0.12 0. 80
Ni 0. 44 0.82 -0.04  0.18 0.90 0.57 0.51 -0.04 0.26 -0.25 0.72
Pb 0. 88 0.17 0.16 -0.01 0.82 0.21 0.72 0.03  0.07 0.43 0.76
As 0.20 0.20 0.91  0.01 0.91 0.13 -0.14 0.94 0.05 -0.12 0.93
Zn 0.89 0.07 0.27  0.23 0.92 -0.17 0. 88 -0.18 -0.01 0.12 0.85
Hg 0.73 0.27 -0.24 -0.32 0.77 -0.10 0. 04 -0.03  0.92 0.17 0.88
v -0.25 0.81 0.36 —0.04 0. 84 0.85 —0.34 0.11 —0.02 0.17 0.88
LA 4.21 3.09 .20 115 3.41 2.15 .30  1.30 1.16
R BT 2/ % 38.23  28.05 10.89  10.48 30.96  19.58 11.85  11.78 10. 56
BRURR ST 2%/%  38.23  66.28 77.18  87.66 30.96  50.53 62.38 74.16  84.72
SR RIXE NIRRT S, 11 FESJEEEE Ni, VI Mn FOZ 82 5. 454 ik b vl 20, K5

B 5 A ERT ) BT E TR R 84, 72% (£5).
Hor FE s 1 895 22 5Tk RN 30.96%, Co, Cr,

M4k Co, Cr. Ni, V Hl Mn RZF)5Y J8 T &
R I, FEA 1 FEORTE Rl 1+
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i,k B ARUE. RSy 2 W 22 BTERE R 19. 58%,
Cu, Pb 1 Zn WA 38w, 435124 0.60, 0.72 Al
0. 88, Ni A — &M 0.51. Fm 5 BT
TR 10. 56%, Cd B =4 0. 89 (3R 5) . A
WF5EH Cd 5 Cu. Zn F1 Pb 2 W FEIFAHL, R E
14 AT BE A AL 00 I 5. 75 A 24 ) e 3 o 541
B S At ] Ak AT S5 AL T Bh R AR S A Ph
Cu, Zn F1 Cd™' " ZNFLIREFHH Cu, Zn Hl
PhU 'O SR AN, WA 5 R A b b 4 S e AR
Wiz — 1 AR g T A AT 2 X 5 73. 8% B BE
AW PEE , FME P Cd, Cu, Ni, Zn Fl Pb
M& By 2.71,9.70, 17.9, 27.0 i1 2.07
mg-kg ™' B P A E 4 IR T DA E a7 A Y
VR IUCRLY AR R R = AR BE . AR
SO AL, A ) SR A o5 B 0 2 38 3 o /)y | I T AR
Tk Al R HE B 52 38 15 G Y5 RN Talk V5 e .
TR 2 A5 BTE Y ﬁi%ﬁk&@mﬂimﬁ

RN UG, ANBRIE = N TR R AR ﬂ**{mz”ﬁ%n%é
A%, F sy 3 M7 2 TR R 10 85% [As 119 3%
firdR i 4 0. 94. A1 FHITHH, As 1'1‘?\[@%1!51‘&‘
%,ﬁa%l%éﬁ?iﬁﬁﬁz 54 iﬂ%%ﬁ“ﬁﬁ
0. 25, %M Asfgxtl%l?%?;ﬂﬁ HHJ‘ £
B |- b 3K 1822 5 0 F 4 ﬁ%yjﬂﬁki
¥ 11 8%, Hg (3 1 £ 155 04 0. 92. B AR BRHE I |

f-Hg %ITFL';F‘ Hg f3R Rk & Zliﬁﬁ&?,-ﬁﬂ 3 "l" 4

Zzﬁﬁwﬁ%ﬂﬁéﬁmmﬁﬂmﬂﬂiﬂﬁwﬁﬁk
(5 2, SR ARE T LI R 2 A ) 3 R SR VR, A
RERGT 4 YRR T =N BTG . 25
PR R ZE R TR R RIXE N KA Cd,
Cu, Hg., Zn 1 Pb & & £ 252 NN IR A 52 ), 1

2.4 EEJRWELEBREITEN
SR 25 A i T X AR i B X3 N R 2 P %
ELE E WEEE R & EE 58 Cd > He > Cu >
As >Pb >Ni>Cr>7n>Co>V >Mn #1 Hg > Cd > As
>Pb>Cu>Ni>Zn>Co>Cr>V>Mn(56). [FHk
IX Cd . Hg Ak Hg (9 E° 7E 160 ~320 Z[A] | H &
AR AR R b Cd 1Y E. 7E 80 ~ 160 Z [H] SH#K
B S KBS AKCESN, KA E 4 8 0 EL #3840, 4
BIEFEYRN R EZ. iﬁJzEﬂEﬂZEH RI 1 P28 530
359.43 F1471. 02, KWK T 2 & R IX % N KR
W ER 4 T YR L TR AR SRR KT AR
AN I 3 = i N T 1 S P S
(36.85% ) /NTARK} (47.82% ) , & k3 FEl 43 53
95. 86 ~654. 56 F1 88. 14 ~ 1154. 08 , il [X J& & [X. 1]
 10% 52 ﬁiA@iﬁmuﬁ%@ﬁ*n
B, 17. 5% 4 T h A S KR KT 67 S%ALT
@Lmﬁijqﬂl&ﬂi:lz‘ 5% Lﬂ:mﬁiﬁnf&ﬂ@l: ZQHE
UK 53 2.56%. 23.08%. 48. 72% Fl'S. gzﬁ%éﬁﬂ
ﬁlﬁ&??m\ﬁljﬁﬁﬁcm%ﬂmiﬁﬂﬁﬂkzﬁ & 4.
WRIFITER gt RE B9 TR Sk IX A FHR 5 X
SN IR T R IR R St m@ﬂf&éﬁﬂﬁ;
Cd > Hg > As > Cu 3.Ph >Ni > Cr>Zn > Co > Vo> M
1 Hg > Cd 3 As > Ph >Cu >Ni >Co >Zn >Cr>V>
Mn. Cd A1 Hg A5 30 X R A A i R IX 2 P 2
F4 R Rl B STk %N 47. 53%. 29. 96% F1 35. 20%.
48. 97%, HArH 4R i STHRBAAR T 7%, =W Cd Al
Hg JRAH Y DX 35 3 22 W 7E AR S KU R IR (81 5)
FZEF A REZ T Cd M Hg 1Y 3875 S EEAR
B R E R, SRR B ) H 4 S %o v A A S KU
TURRN 15 R F A, X 5D X B g

Co, Cr\ . VI Mn EEZ [ RIS, SRR TR TS AT — 2K
%6 ELRBERRTNEE
Table 6 Potential ecological risk assessment of heavy metals
X At
g
/ME S NIE] FHEE ERFRRU%e  RAME - FNI: N FEME ERRE%
Cd 24.98 354.23 177.96 45.88 35.42 316.41 150. 83 44.58
Co 2.12 5.53 4.12 21.18 2.84 5.99 3.98 16.28
Cr 0.17 17.81 8.13 63.93 1.06 2.76 1.64 25.59
Cu 1.77 61.72 21.28 58.21 3.40 26.81 9.21 49.19
Mn 0.48 1.34 0.94 22.03 0.52 1.10 0.73 16.24
E! Ni 0.93 17.30 9.46 38.34 2.67 6.76 4.28 25.29
Pb 1.71 43.58 16.75 49.54 7.57 30.01 17.51 32.26
As 11.09 31.43 20.00 22.76 10.58 26.65 18.33 20. 80
Zn 0.50 10.17 5.07 43.25 1.15 9.67 4.08 46.76
Hg 29.89 181.46 94.21 40.39 7.16 990. 88 258.88 80.22
\Y 0.73 1.97 1.51 18.98 1.03 2.10 1.56 16.75
RI 95.86 654.56 359.43 36.85 88.14 1154.08 471.02 47.82
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Fig. 4 Potential ecological risk indexes (RIs) of heavy metals in urban and rural household dust samples in Taiyuan City
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