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Distribution Characteristics of Heavy Metals in the Street Dusts in Xuanwei and

Their Health Risk Assessment

ZHANG Wen-chao', LU Sen-lin'", LIU Ding-yu', LIU Pin-wei', Yonmochi Shinich’, WANG Xiao-ju”, WANG
Qing-yue’

(1. School of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China; 2. Center for Environmental
Science in Saitama, Saitama, Japan; 3. Graduate School of Science and Technology in Saitama University, Saitama, Japan)

Abstract: Relationship between high lung cancer incidence in Xuanwei residents and environmental pollution has been a hot topic in
the field of environmental sciences. Street dusts in Xuanwei power plant area as well as its upwind area ( Bangiao town) and downwind
area (Laibin town, Tangtang town) were collected. Chemical elements in the street dust samples were investigated using ICP-MS.
Health risk assessment of heavy metals in the street dusts was carried out using the US EPA Health Risk Assessment Model. Our results
showed that the mass level of Al, V, Ni, Co, Zn and Cd in street dusts followed the order of Xuanwei power plant > Laibin town >
Tangtang town. The mean concentrations of V, Cd, Cr, Cu, Mn, Co, Ni, Pb, As and Zn were all higher than the background values
in Yunnan soil, indicating that the street dusts of Xuanwei city have been heavily polluted by those metals. The health risk assessment
results showed that the non-cancer hazard risks induced by the 10 heavy metals were higher to children compared to adults. The heavy
metals in street dust were mainly ingested by human bodies through hand-mouth ingestion. The 5 carcinogenic metals, including Cd,
Cr, Ni, Cr and As, had a potential risk of carcinogenicity in human after exposed to the dusts. Cr was the major toxic element to the
local children’s health.

Key words :street dust; heavy metal; enrichment factors; health risk assessment; Xuanwei
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Table 1 Judge criterion of contamination degree by enrichment factor
EF {8 EESQEE O 15 528501
<2 <1 RTFEYE N ~2 HRHITY 1
2~5 i G Y 2
5~20 T 3
20 ~40 [ZERETS 4
>40 B G 5

L3 BERSZH
AWEFE S % US EPA A K 5 55 XU VA J7
V2 X T X AR A i1 4 A T f
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RS IEA , 22 N A 4515 e U] | R R iR AR
T VNE S8 g MRS AN A s B

PrAcER 1,V Cd, Cr, Cu, Mn, Co, Ni,
Pb. As #l Zn 55 10 75 42 J& B A 18 M 09 3E Bui K
Kr,Cd, Cr. Ni, Co I As JUJ 7] b HL A7 3008 XU AR
PR B R AR TERREE th i A6 20 5 =X e K2R T
P NIREE A B8 AR B8 i 3 Fh. F-H
YNNI E G U NG TR | S NI E-S 37 g
TR AKX (1) ~ (4) Fim, 5 3Py 2 55 &
ADD (average daily dose) UL HLEf[R] | PRAREE . A
R R T5 Y [ mg- (kg-d) ~' ] REEIR.

IFI W A H -3 2 8% & ADD,, (average daily
dose by breathing) .

o - S

WAz ik H S 42 2 8% 7 ADD,,,, (average daily

dose by skin contacting) :

_C-SA-SL-ABS-EF-ED-10"°

F-HHEA H P 25 i ADD, | (average daily
dose by intaking) :
~ _C-IngR-EF-ED-10"° (3)
e BW - AT

% 82 US EPA A 4 th SUR L & 22 -1
SR B IR fih 4 B8 22 5 5 2 %5 1, AWETEALT
B Cd, Cro Ni, Co fll As 3% 5 FEURE R ML M 5
WP WG kAR A 2% BR . LR H PR R EE R B
LADD, , ( Lifetime average daily dose by breathing) 4 :

ADD

C - EF
LADD.,, = ——— .
inh PEF - AT
(InhRohild * ED,yq  InhR,,, - EDadulL) (4)
BWL‘}lild BWadull

A P A S RO Y B S O BUE N 2
N S R ESPNES B S PN LNy ] UP=E PO/
S N B Tk 25 1 B (SA) 19 2 BUEC(E AR B
S BRI EAT B I e LE Y R kR 1 B
1150 cmz,)ﬁ]\ﬁ/ﬁﬂlﬂﬂﬁ 145 cm®.

ADD,a = BW - AT 1.4 fEER XU 1R 1E
(2) ot Al B0 4R L R A B KU 48 Bk
*2 MAELELZEHTEHRBREEINRESHIE
Table 2 Parameter values in average daily dose calculation models of heavy metals in dusts
2 i i ZARAR : ik
L A

C HERREAKT mg-kg ! T 24 vp 4 TR I IO VR LN
IngR ZF-OHRASR mg+d ™! 200 100 [29 ~31]
InhR - 557 % md! 7.63 20 [29 ~31]
EF EN TR dea”! 320 350 [29 ~31]
PEF WUk HE i X m? kg ! 1. 36E +09 1. 36E +09 [29 ~31]
ED FERAER a 6 24 [29 ~31]
AT(AESBU) YRR d 365ED 365ED [29 ~31]
AT(EUE) st ] d 71. 4 x 365 71. 4 x365 [29 ~31]
BW TR R kg 15 70 [29 ~31]
SL S RRENE mg+(em?-d) ! 0.2 0.07 [29 ~31]
SA T 1R KR TR cm? 1150 2145 [33]
ABS FE IR e e - T T (As) B ABS =0. 03 ; Hifiot EHL ABS =0. 01 [34]

(hazard index ), B 5 % 8% 5 5 2 % & ( reference
dose,RfD) AT AL, BEITRAE i MELSES j
g & 2 0 AR B0 XUBS B (hazard  quotient,
HQ) , Bl
HQ, = ADD,/RfD, (5)
SR G R 4 R AR BUE SRR 45 %X (hazard
index , HI) , H[I

HI, = > HQ, (6)
25 HO 5 HI <1 UK KU/ ol T L 200«

4 HQ 5 HI > 1 iF, WA FE e AR BUE K. ADD,
ER L MR AR P R R RS R 2 #R B RID,CH
i P EGES | PR RRN S E

XTFEUEE 48 Cd, Cr, Ni, As, Co, HEUBRL
7R FHAURS (Risk ) 26715, BIVAR 415 2% 55 7K S 5 £ A
R A I - NG 3R Al SR A AR 4 A 2 R i
PR R RE AL EE. US EPA ANTE 107° ~ 10 ~* 4 5]
PR P XU (LA 2 1T AR 3Z 1.

oy 54 R U KA

Risk, = LADD,, x SF, (7)
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HEIAR Y [mg- (kged) ] ,SF, JAH5 0 T, B B8 T—
Risk. = iR’ L (3 S T Gy A P R A BUR ROV AR, Risk, N5
T A DR R SO R KR L R 6 5 R

A, LADD,, 46 B IP 284 HOF- 3 R g e (RID,) SRPRINT(SF,) IL3& 3.
&3 US EPA R /LMESEM RID 71 SF
Table 3 RfD and SF of heavy metals provided by US EPA

RID; Cr Ni Cu Zn Cd Pb A% Mn Co As
RID;, 2.86E-05 2.06E-02 4.02E-02 3.00E-01 1.00E-03 3.52E-03 7.00E-03 1.43E-05 5.71E-06 3.01E-04
RID,, 3.00E-03 2.00E-02 4.00E-02 3.00E-01 1.00E-03 3.50E-03 7.00E-03 4.60E-02 2.00E-02 3. 00E-04
RID geral 6.00E-05 5.40E-03 1.20E-02 6.00E-02 1.00E-05 5.25E-04 7.00E-05 1.84E-03 1.60E-02 1. 23E-04
SF 42 0. 84 6.3 9.8 15.1

) EEE4R 29 ﬁﬁ%ﬂ@ﬂﬁi’aﬁiﬁ%@ai)ﬂﬂu%mﬁﬁi
AR AL Fl Fe S0, Al JUR B & mAEA[A] X
2.1 HEAELS PR AR B E R >R > MIE” IRHIE
B RFE SR AR IASH Li . Be, Na, Mg,  (&2),V. Ni, Co, Zn Fl Cd EE4EBICEN SR
Al, K, Ca, V|, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, SN AL TR (B 3) ; Fe JTLRTE
As, Se, Rb, Sr, Ag, Cd, Cs, Ba, TI, Pb, Bi, Th, U 4 PMHUIX & ENETREE.
F4 ERRALBTENSER /mg-kg'

Table 4 Mass concentration of chemical elements at different sampling sites/mg-kg ~!

&8 CV Wbk i3k P S SR + J5 22
Li 81.37 83.57 47. 44 37.19 62.39 £23.57
Be 2.45 3.78 2.12 6.97 3.83+£2.21
Na 2359.21 2 860. 79 2429.74 12 146. 96 4949. 17 £4 803. 64
Mg 17 685.29 17771.76 12 814.01 22 900. 18 17792.81 £4 118. 48
Al 104 827. 49 94 790. 21 54 158. 83 92942. 14 86 679. 67 +22 300. 58
K 9972.48 11367.76 8478.13 12701.22 10 629.90 +1 816. 32
Ca 15 629. 31 15 781. 06 12 377.99 17 638. 36 15 356. 68 +5 185. 80
AY 333.60 364. 49 219. 87 277. 06 298.75 £63. 85
Cr 1377. 15 2803.71 1 052. 06 546. 35 1444.82 £968. 28
Mn 1814.47 1820. 45 1 037.90 2092.55 1691.34 £454.53
Fe 111220. 11 131 521. 48 75 622.56 117 257.77 108 905. 48 +23 765. 20
Co 58. 62 60. 21 34.45 62.92 54.05 +13. 19
Ni 182. 02 175.99 70.53 117.52 136. 51 +52.74
Cu 433.39 362.22 151.23 421.10 341.98 £130.91
Zn 1271.09 1010.79 295. 69 534.17 777.93 £443.25
Ga 99. 11 101. 31 72.24 117.28 97.49 +18. 68
As 33.99 37.41 17.93 12.08 25.09 =12.61
Se 11.27 7.67 3.92 9.72 8.15£3.18
Rb 58.85 63.91 42.51 50. 68 53.99 £9.39
Sr 301.75 282.99 194. 56 418. 40 299.43 £92.06
Ag 0.78 0. 64 0.32 0. 45 0.55 +0.20
Cd 33.57 23. 60 2.07 4.91 16. 04 £15. 10
Cs 6.29 6.58 4.14 2.45 4.87 +£1.94
Ba 491. 96 504. 14 386.23 607. 67 497.50 +£90. 54
Tl 0.90 0.85 0.36 0.16 0.57 0. 36
Pb 460. 98 365.51 112.94 75.12 253. 64 £189. 00
Bi 6.39 4.81 0. 66 0. 46 3.08 £2.98
Th 16.98 18.01 10. 89 8. 19 13.52 +4.74

U 7.45 7.08 4.32 4.35 5.80+1.70
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Table 5 Mean concentrations of heavy metals in street dust in Xuanwei and several other cities/mg-kg ~'

R A\ Cr Mn Co Ni Cu Zn Cd Pb As ik
=11 298.75 1444.82 1691.34 54.05 136.51 341.98 777.93  16.04  253.64  25.09 AWK
GiN — 83.93 — — 34.65  78.22  144.69 0.31 73.63  12.16 [1]
dta — 69. 33 — — 25.97 72.13  219.20 0.64  201.82 — [11]
i — 218.91 — — 64.91 186.41  687.25 0.97 212.94 — [12]
A 42.33 67.13 — 10. 11 46.24  102.83  302.70 4.37 82. 65 — [4]
s — 225.00 — — — 177.00  416.00 2.84  279.00 — [14]
LERF — 109.69 585.80  10.97 43.28  81.06  549.01 — 82.71 — [15]
| — — — — — 81.33  334.47 4.35  106.26 — [17]
il 2 — 145. 47 — — 121.15 1346.59 2689.61  20.72  312.30 259.37 [18]
Y 88.9 126.7  804.2 15.9 48.8  123.20 715.3 433.20  19.80 [19]
e — 96. 88 — — — 67.50 2332.96 4.531 132.15 — [7]
A LI RIE 154.9 65.2 626 17.5 42.5 46.3 89.7 0.218  40.6 18.4 [29]
1) “—"FR TR
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Table 6 Enrichment factors of heavy metals in street dust in Xuanwei

EEJE A Cr Mn Co

Cu Zn Cd Pb As

HEHT 2.08 13.55 1. 67 2.03

5.83 10. 42 75.22 18. 30 13.07

2.4 EEBIE S A+ P AR 0 R RS PR
P RERITR AT ESR S E C MIUE,
H A7 = P9 A 0 i 9% B B — B BRIfE, US EPA 7
KA E 4 R 28R Y 95% B AE LR, Bl 95%
UCLPY R 2 5 i (H— 2 5 O REn] g 2l
[T Tl S N RO 75 | A N [ 5 I Rl
(T34 AR Al B U i dE bR, A (1) ~
(O E SR RERNER 7, AT LIS 45

R 45 Je ) 2% S i B SR BN - iR AR R B R i >
BERRAE fuh 7 5 B > WP A TR A ) B R A, Ul ] -
Al AR BT 7 T K A4 2 i XU Y e R i
fe. FETF-D R8T, JLE RS0 255 B AU
AHY 8. 53 47 ; WP B ER At rh, L2 B9 B0 55 Br
SR RN 1. 63 7% ; BRI A2 ER b, JLERY
FRBUE 2 B SR AR 6. 54 7. R JLE R
Ao it B DU 2 HE K.

®7 BERETHELTIEESEREE /mg- (kg d) ™!

Table 7 Exposure dose of heavy metals in street dust in Xuanwei/mg- (kg+d) ~!

TEEwA -

Loy TR ENEy ¥ Y e

L TN L FIN L EIN e

Cr 4. 74E-07 2.91E-07 1. 69E-02 1.98E-03 1. 94E-05 2.97E-06 1. 29E-07

Ni 4. 48E-08 2.75E-08 1. 60E-03 1. 87E-04 1. 84E-06 2.81E-07 1.22E-08
Cu 1. 12E-07 6. 89E-08 4.00E-03 4. 68E-04 4. 60E-06 7.03E-07
Zn 2.55E-07 1. 57E-07 9. 09E-03 1. 07E-03 1. 05E-05 1. 60E-06

Cd 5.26E-09 3.23E-09 1. 87E-04 2.20E-05 2. 16E-07 3.30E-08 1. 43E-09
Pb 8.32E-08 5. 11E-08 2.96E-03 3.47E-04 3.41E-06 5.22E-07
\% 9. 80E-08 6. 02E-08 3.49E-03 4. 09E-04 4. 02E-06 6. 14E-07
Mn 5.55E-07 3.41E-07 1. 98E-02 2.32E-03 2.27E-05 3. 48E-06

Co 1. 77E-08 1. 09E-08 6. 32E-04 7.40E-05 7.27E-07 1. 11E-07 4. 84E-09

As 8.23E-09 5. 05E-09 2.93E-04 3. 44E-05 3.37E-07 5. 16E-08 2.24E-09

N 3. 75E-05 2.31E-05 1. 34E +00 1. 57E-01 1. 54E-03 2.35E-04 1. 50E-07

A (5) FN(6) T 4 Fh E 4 )8 1 lE 30
AR B ( HQ ) XU 5 B (HI) W3 8, ] LA Y,
25 P 42 Jm 25 P W R 6 R TR R R Y HQ BI/NT
1, BN AR K HELF-ORERE S, JLE
[ Cr (9 HQ KT 1, X HIIZ M X Cr X JL 7 B f
K%, M E Pb, V., Mn, As B HI #3238 T 1,
XF JLBEAAAE — o 1Y A B0 fa e XU, & Fh 6 J8 A
[7i) 2% 5 3 A2 1) UG I 127 O - 11 2 i > B JIK 7% %
> WP 8 5 AN IR CHE R XU T R . JLZE > AR
N Uk Bl T R ) 3 KU I AR R 4 T -
NRE, GEMARFERILE x5HKY | ©
WS AR FE PR PR R e g A T

FEE AL

X TR A7) FN(8) THE 25 R A
M Cd, Cr, Ni, As, Co HUJm K (Risk) iz 9,
Al LU R KA TR 4 R B0 SR R 5. 53
x 107, o Cr B AR 5. 43 x107°, 4 F US
EPA 77 1 A 252 AR B B Rl 10 ¢ ~ 10 ~* 22 [,
TEAEAE B XS ; Cd, Ni, Co. As ISR XU
BN 107, 30 KU 5K A TR 48 T R
FEXSHKIR M Cr > Co > As > Cd > Niy A5 #Y
Bow XS AR E > BT > R > i, X5
Ni, Cd FEUE E LR 4 D RFEA S 220
T AR 2 ] AR L i
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Table 8 HQ and HI of heavy metals in street dust in Xuanwei
A __ M (HQ) _ R CHD)
EER )% 2 F-O 2% B2
L A JLE A JLE A JLE ON
Cr 1. 66E-02 1. 02E-02 5.63E+00  6.60E-01 3.24E-01 4.95E-02 5.97E +00 7. 19E-01
Ni 2. 17E-06 1. 33E-06 7. 98E-02 9.35E-03 3. 40E-04 5.20E-05 8. 01E-02 9. 40E-03
Cu 2. 79E-06 1. 71E-06 9. 99E-02 1. 17E-02 3. 83E-04 5. 86E-05 1. 00E-01 1. 18E-02
Zn 8. 50E-07 5.22E-07 3. 03E-02 3.55E-03 1. 74E-04 2. 67E-05 3. 05E-02 3.58E-03
Cd 5.26E-06 3.23E-06 1. 87E-01 2.20E-02 2. 16E-02 3.30E-03 2. 09E-01 2.53E-02
Pb 2.36E-05 1. 45E-05 8. 47E-01 9.93E-02 6. 49E-03 9. 94E-04 8. 54E-01 1. 00E-01
\% 1. 40E-05 8. 60E-06 4.99E-01 5.85E-02 5.74E-02 8. 78E-03 5.56E-01 6. 73E-02
Mn 3. 88E-02 2.38E-02 4.30E-01 5. 04E-02 1. 24E-02 1. 89E-03 4. 81E-01 7. 61E-02
Co 3. 10E-03 1.91E-03 3. 16E-02 3.70E-03 4.54E-05 6. 95E-06 3.47E-02 5. 62E-03
As 2. 73E-05 1. 68E-05 9. 77E-01 1. 15E-01 2. 74E-03 4.19E-04 9. 80E-01 1. 15E-01
£9 HRHELTIESERBAE
Table 9  Carcinogenic risk of street dust heavy metals in Xuanwei
Hb - il U SRS
Cr Ni Cd As Co
B 5. 17E-06 1.37E-08 1. 89E-08 4.59E-08 5. 14E-08 5.30E-06
Ly 1. 05E-05 1.32E-08 1.33E-08 5.07E-08 5.28E-08 1. 07E-05
ik 3.95E-06 5.30E-09 1. 17E-09 2.31E-08 3. 02E-08 4.01E-06
KeEE 4. 85E-06 8. 83E-09 2. 77E-09 1. 58E-08 5.52E-08 4.93E-06
F-HE 5.43E-06 1. 03E-08 9. 04E-09 3.39E-08 4.74E-08 5.53E-06
3 & JEE YRR KK A Cr > Co > As > Cd > Ni; A

() HEEEEASRLF V, Cr, Mn, Co, Ni, Cu,
Zn, Cd, Pb fll As %6 10 AR5 m 8 0 E &
Ty IS SE, P Cd, Cr, Cu, Zn, Pb Al
As FHEEGBNE FERER R, Cr, Cu, Cd il As 55
RIS R T E NIk e E A A
J& i, R E R T R KA S w5 e O ™
. ESESM L, S ETRERN S ERERB T
XU E A R > SR EE > fiidf " iy ke, H R A
4 Cr, Cu, Zn, Pb, As Fll Cd S H 4 )@ T8k
T TH ) HERCA SRR ).

(2) X o KU, 5 R KA 4R Y
Fh g5 (ADD) FEESUE KBS (HQ) ¥ F- 11 2
> MR EE > PP EE T 5 AN [R] AHE 9 AU
W R ILEE > A 1 H, JLEXT Cr F-1 2 EE 1)
NS R A 5. 63, K T2 H{H 1, iz IX
Cr XPJLEMEER K.

(3) BB E 2R 4 v 45 P EE 4 T 10 B0 S XU
H15.53 x107°, Hop Cr OB KU A 5. 43 x107°,
AT US EPA HEFE 1 1T 45 32 RS B (B Y5 Rl 10 7° ~
10 ~* Z 8] FAAE T TE I BUE KBS ; Cd, Ni, Co, As 11
o K/ T 10 7, BUsa KU A% AR E 4R

(e 4t 77 14 B0 XU W Fe S B > L) > R aE >
fisg .

(4) Cr JTFR A E Y L ER 3R HA BoiE KU
N HEA BRI, ML X 5 R 1 & R iR
BT U MU K PREE DA A
W 4 Jm U Ho: Cr SR BOORIR, Rl 7 2 4 L
BRI R B A T ST R
SE Lk
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