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Fig. 1 The sketch map showing the sampling sites of street dust
in the urban area of Laiwu City
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OK BT L 2.5 ¢ 1) 5 5 AL SR FH T 4% 19 490 25 o 10 00 2 . 2 560 9T PR A7) 229 kg A0 20 46 7 3k 2 v it A7 3K 59
25 [ HPEATRE I 5E , I8 B % L AR vE W B GBWO07403 #5 ME Y Bt (GSS-3) HEAT 47 RE 43 B7 » ] g
90 % ~110% Z ] , £ 5 4 J@ 09 AH X A5 v O 22 39/ F 10 % (8 ] Excel 2010 I SPSS 18.0 4 #E 17 885 58 it
YA H R ArcGIS 10.3 B2 5 4 8 5 & 10 25 18] 40 A (&

1.3 EBEREXEITEMNER
PG AT I K A FE B T I RS B AL AR AE , K 2l 5 3 PP B BB i AR AR DA I RS A

Nz AT Sl AT 5T P Y 6 FhEE 4 e X B A 8 R U KUK L 1T As F1 Cr 368 80w XK. % 8 3] US EPA &
28 H - T 4 i RN Bz k2 i B0 LR R 81 (Slope Factor, SF) , AW FEAUXT As Fl Cr B9 W A 388 12 Boss XU {H

HEAT VO AN TR] 0 8 B R AR AL 0 U R
Z O\ AR HFEY R F (average daily dose by ingestion,ADD ) :
~ CXIngR XEF XED s
ADD,,, = BW < AT X 107°, (D

W A &2 H -1 2 85 # (average daily dose by inhalation,ADD,,,) :
C X InhR X EF X ED
ADPDuw ="ppp S BW < AT @)

Bz ks foh B 2 7% 8% i (average daily dose by dermal contacts ADD germat ) :
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C X SA XSL XABS, XEF X ED
BW X AT
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LADDim == ’
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NS SECE CBUE L 1.

ADD ema =

X 107°, (3)
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Tab.1 Parameter values of average daily dose of heavy metal

Value
Parameters Meaning Unit
Children Adult
C Concentrations mg + kg™! Concentration of heavy metal in street dust
IngR™! Ingestion rate mg -+ d! 200 100
Inh R0 Inhalation rate m? e d ! 7.6 20
EFt Exposure frequency dea! 180
ED] Exposure duration a 6 24
PEF™] Particle emission factor m® « kg ! 1.36 X10°
SALZ] Exposed skin area cm? 1150 2 145
SL! Skin adherence factor mgecm 2+ d! 0.2 0.07
BwY] Average body weight kg 15 70
ATHY Averaging time d Non-carcinogens EDX 365 Carcinogens 70 X 365
ABS 1] Dermal absorption factor unitless 0.001

i K 2L p EE 4 @ i A BOE XU B (Hazard Quotient, HQ) . 3F B XS #5 % (Hazard index, HI) F13(
95 LS (Cancer Risk, CR) FIARE S F .

HQ =ADD/R/D, (5)

HIzﬁjHQ” (6)
CRp:LAbb><SR, D
(I%sk)]‘::jilhsk” (8)

i=1
A A HQ 5 HI << 1, WA AR B0 XU /sl T L 20w HQ 1l HIT = 1 B WA kA7 78l B0 KU 5
RfD & %5 . mg kg ' «d 'sSF NREPR AR kg « d » mg ' (Risk) T Ny 2 F i 4 8 10 Bom B XU
US EPA #E# 4 Z WKE 10 *~10 " EHEA B A EMED Y . RFD 5 SF {H L% 2.
2 BELEANKSEFE(R/D)REBEHERH(SF)

Tab.2 Reference dose and carcinogenic slope factor of heavy metal for human body

Parameters Hgl®! Asl®) Crlsl Pbte) Znls] Cul®!
RfDing 3.00E-04 3.00E-04 3.00E-03 3.50E-03 3.00E-01 4.00E-02
RfDium 8.57E-05 3.01E-04 2.86E-05 3.52E-03 3.00E-01 4.02E-02

R /D dermal 2.10E-05 1.23E-04 6.00E-05 5.25E-04 6.00E-02 1.20E-02

SFV — 15.1 42 — — —

HE 1) SF 0 AR 150 7
2 HER5WE

21 EEhmBEHEREESEREREALMER
3 6 T Ik DX A T W A o S B R B B 2 B Lk 3, 3 40T SPSS 18.0 B Shapiro-
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Wilk 32 % B0 P8 3547 IEAS K 5, As, Cr, Pb #l Zn J@& TIEA 470, Hg, Cu,pH FIA PR 2 IE RS 510,

KA 6 FE G 197 2 AT A IR BT B AR ME (GB 15618-1995) AR 1. B Cr ZhHAtL
TCE T HEY LI ARA 9 5, He, As, Pb. Zn Rl Cu 43 514 I AR +HEF SR H Y 8.95.1.26.,2.05,
1521 1.26 i, Ifif Cr 47 11 AN JS 008 b5 AR % 34,4 20 B8 K2R pH P9 ) 9.40 {8 EI7E 7.70~12.04
ZNE) S L WY R T AR A T AL S A R A 5 9% DR BRI 2 e B4 B T R T R SR R A
PEA B 1 R A S BT #E R AR pH B9 THE N A HLBTR F{E Y 54.06 g« kg B R AL 1L R A 0
TS A HLBT AR IR T RE 5 ORIV R A AR R A R T S A O B T R R T 4 R R
St A BCEOR UL I E 4 J o3 Al A 220, R PR AZ A1 B R W UK.

55 [ PR A 3 T A LG SR e T I X I KR P B G 8 Cr, Pb, Zn Ml Cu P& & 8K Hg P& &E2H
FTET AWK 2.13 155 As P35 i TAU AU R V-3 5 19 1,89 47, 36 56 1l 30 IX 73 K 42 vh 2 )
S8 5 R /N TS T Lk BH T R B T A A T ST pH R AL BT A R AR T T A T K 2R
K-

®3 RETHERHERCESRESESHREREANHE M T
Tab.3 The comparison of average heavy metals concentrations in urban street dust of

Laiwu City with the standards and those in several other cities

Hg/ As/ Cr/ Pb/ Zn/ Cu/ Organic matter
Cities and standsrds pH
(mg+kg ') (mgekg ') (mgekg ') (mgekg ') (mge+kg ') (mg+kg D) /(g kg™ D
Laiwu(this study) 0.170 11.7 60.6 52.9 96.3 30.3 9.40 54.06
Maximum 0.630 19.6 103.2 81.2 149.8 53.1 12.04 118.85
Minimum 0.036 5.5 32.9 15.9 43.1 19.8 7.70 21.49
Soil background value in
Shandong province [17 0.019 9.3 66 25.8 63.5 24 7.7 11.6
Soil grade 1 standards!t'®] 0.15 15 90 35 100 35 — —
Soil grade 11 standards!'8] 1 25 250 350 300 100 — —
Beijing 0.34 6.2 86.6 54 219.2 45.6 — —
Shanghail!6] 105 196 584 152 9.52 63
Gangcheng District[20] 0.08 9.5 77.7 12.8 94.1 30.6 — -
Baojit!? 1.1 19.8 126.7 433.2 715.3 123.2 — —
Shenyang!2! 106.3 334.5 81.3
Tongling!??] — 259.4 145.5 312.3 2 689.6 1 346.6 — —

[ % S €/ N
x4 RETHERHERGLESREUERSITSH

Tab.4 Statistical parameters of heavy metals physicochemical characteristics in the urban street dust of Laiwu City

Statistical parameter Hg As Cr Pb Zn Cu pH Organic matter
Standard Deviation 0.13 3.5 18.8 12.5 29.4 10.2 1.17 25.28
Coefficient of variance/ % 76.7 29.9 31 23.7 30.5 33.8 12.4 46.8
Skewness 1.878 0.811 0.562 —0.238 0.103 0.947 0.829 1.304
Kurtosis 4.986 0.429 0.29 1.43 —0.792 —0.503 —0.253 1.474

22 RETHEHERGCESRESENZTHSHEHIESKESN

B ArcGIS 10.3 B R 8 18 e FUAS H7 {F0 05 %) 2% H 4 J & Bk 19 2 18] 20 AW 2R AT 1 20 B &5 AN 8T 2
7S 3R T8 TH I X BT IE K 22 4% T A B B R P A, 3 B DTG fi 2R AR B R e SR TE T IR X P ) AR AT LA
I3 3 ASTAE D, BTl DX J B R R S DRI S DXL Tl XA 6 30 358 52 i 58 R ) Aol T2 48] A 45 49
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J7 LB T BB T4 O HLTO X R R I A A AR R 2 L DR i R A R e R
A X B LU RN A BRBE TS VAR ARAE O 3 B 200 B RN B R, E A X B 358 R i R 1 T
T Al PRI R i 5 B BSAERL R AT A X LARR R SCAR B o N R BN, R ) IR (H R R
DX 3T 5P i 3, AR I R X T AR BT IE K AR Ph S i AR A B A

W E E
.
Hg/ (mgekg ™) As/ (mgekg™)
[0.036 ~0.136 [ 0.159 ~0.182 M 0. 206 ~ 0. 247 [15.5~8.0 1.4 ~12.7 4.0~ 153
[10.136 ~0.159 [ 0.182 ~0.206 [ 0.247 ~ 0. 252 [18.0~11.4 Bl 12.7~14.0 5.3~ 19.6
W E W E

Cr/ (mgekg™) Pb/ (mgekg ™)
[]32.9~50.41  [EE55.1~59.9 [HM 64.7~78.2 [ J15.9~29.4 [036.7~44.0 WM 51.4 ~ 60.2
[150.4 ~55.1 B 59.9~64.7 M 78.2~103.2 [129.4~36.7 B 44.0 ~51.4 M 60.2 ~81.2
W E W E

Zn/ (mgkg ") Cu/ (mgekg™)
[143.1~70.9 [085.6 ~94.3 MEMI106.0~ 127.7 [ 119.8~20.2 [ 21.1~26.6 M 35.3~44.1
[]70.9~85.6 B 94.3 ~ 106.0 MEM127.7 ~ 149.8 [120.2~21.1 B 26.6~35.3 M 4.1~53.1

K2 Seseiil X i A4 b B G s A B s (Al Al

Fig.2 Spatial distributions of heavy metals concentrations in the urban street dust of Laiwu City

I 4 JE 22 10 AH DG T 4 A HL R A EL A R ) A R R T b 4 IR R AL M B Y Pear-
son AHRREIL K 5.Cr, Zn A Cu W PHZ A AH OC R B TE 0.83 LU b, B M 8 35 AH G % (P <<0.01) ; Hg #l
As 5HA TR WA SCHER S L As 5 Cu 2 8 H 36 (P<<0.05) AF5E £ WA A HLTAE WM & 4 )8, 2 &
& )8 R B s pH A T i 2 5 W B K A 0 4 T 1) TR B A L DA e T 4 e A T A I AR Ak, DT 5 T
SENE R MAV R D& ESE SEVLRE TR EMECR(P>0.05) 4 E4)E (R Pb4H 5 pH R IE
L EAL As 5 pH HAWM B EMIEMELRP<<0.0D) , R TIR X E KL ELRSEZ pH A
BILJTT % 5 19 52 T 45 /)N
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x5 KETHRHERLEEESEMENIERD Pearson HX ZH
Tab.5 Pearson correlation coefficients of heavy metals and physiochemical properties

in the urban street dust of Laiwu City

Heavy metals and physiochemical properties Hg As Cr Pb Zn Cu pH
As 0.02
Cr 0.12 0.23
Pb —0.04 —0.01 0.24
Zn 0.06 0.25 0.88% —0.03
Cu 0.15 0.38" 0.847 0.24 0.83%
pH 0.33 0.48¢ 0.27 —0.27 0.29 0.32
Organic matter 0.14 0.03 0.10 0.15 —0.08 —0.10 —0.17

e FoR P<<0.01;3 F/R P<<0.05.

Hg 15 8™ F A XA T2 IR W ML, i K& &8 0.630 mg » kg 'SR ARA 1 IEH FEH
33.16 fif s As EBRIE MR B IO R L Tolk KRR R &I 5 T 4l 76 A 7= ik 72 v 3259 75 K 4
SR FIR I 5 FR A A HE KT Tk A P2 R S0 Heg Al As A0 2R 2. Zn F1 Cu 15 YL B0 ™ 5 Y X 8 B 0 A
SRR 2L, I H X IR A AR 2 IR G B AL , 5858 BRI HIR R R i gh a2 AR s R E Y Cu
T3 — e H AL F O BE X RTINS AT R L I BT R A R G R IR E R R Z T,
FECCu MR AT R Zn A Cu A B E MW IEF X KR (3 5, KWL Zn Ml Cu 7] §8 322 32 383 A
F W2 Ph 5 5 1 7 Ml DX A2 I 8 AR DX R S e T G AR R R L Gk KBNS TE IR S
SR 2 AN SEIRAE W IR E RO K A2 Pb I — A EZORIED . Cr P & BN T3 Rl B k2
AR R A K I B 2 7T, Cr, Zn 1 Cu W XA TS, B LLEWT Cr 8] i th 32 283 [H & 52
M. Cr.Zn Fl Cu HA B EAH M, As A1 Cu HAG A G , R I 32 38 A1 Tl AF 77 AT B 2 3 e i 3 X 7 3 JK 2 v
4RI TR,

2.3 FEEHMHREERLELEERRKEIEN

K US EPA AR5 88 KBS DT 7 125 6 3 8 17 30k X A7 3 K 22 v 6 FP 8 42 )& (Hgs As, Cr, Pb, Zn I Cw)
HEAT f R KUBS AN , 75 42 I8 AN ] 2% 58 3 42 JF S0 KR CHQ) A Al 8o KU 5 5 (CH D, 5 4 8 80U KU
(CROYZE R 5l 6 fzk 7 fins.

2% 6 A1, T 4 9 AN ) 2 60 0 A A S0 RURS: 0 P R B/ B 3R B A AR AR | R R A Al iR AR LA
AR U B BN SIETE T IRk X 38 K 20 2 8 RS 1) B R 42, X 5 Muhammad U A 88 AN 0F 58 45 R —
B AN [ 2 A A 2% A 1 A B0 XU R R R B LB R T N G S A AR AR L L EE AR B KU
RIIE As, HQ iK 8 T 2.56 E-01, Hk & Crs 1M W A FI R JiR 2 fik 3 728 L 2 A B0 KU B e K i 3592 Cr,
HQ 43528 3.89E-04 Fll 7.64E-03. 4 < J& A B XU 758 B /MIUT 2l As, Cr.Pb, Cu, Hg. Zn 518 K 42 8
&)@ 0 )L AR BUE 8 BUR AN 9.10~9.37 i ; JL2E 5 B 19 AR 08 KU 8 3 /N F 1, JE B0 KU 38/ sl n]

R 7 TR, 30 T I X E K 2R T 4 R BUB S IR - Cr & T As, JLZE RN S0 S0 XU 3538 /)
TEEIEE (10 °~10"") , Ul I K242 As, Cr B0 AU BEAIG, X 5 R A B 14 fdt I it ol B0 & 3 19 7] B
PEAR /.

3 & it

M TE T Ik X BT IE K AR TP 6 Bl S R TR BV 39 & ok B L AU R AT A L ERR B AR vE bR
Br Cr S HAL TR PR E B T IR A 8 SHE L H Cr 5 11 Al i KA b A 4w & i
& Pb SM4 3 3 PG 18] ZR BEAR A 45, Cr. Zn Al Cu Z ) B B 38 TE AR OCOC R H As Al Cu B I 25 1EAH
SR ZR 5 DR I A W7 5l R Tl A 7 AT B R 12 4 DX B A K A4 v B i ) R R R B A S [ A R A T
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EE TS AL B iR R AL T BR IR T R AR B0 XU A [ 5% B a4 SO KU e 2RO R
2 BE IR il g A A R AR I HL 2 5 B AR BOE KU E /0 T 1, B R B0 KU 82/ 800T L 200 5 L
5 RN B SRS /N T RS 10 B U AR /DN A8 = S0 XU RS 0 B0 XU #0284 T A R AT
HeSZ KV S F A S BT AT3 ISE A0 58 %) 35 5 i 3uk DX 47 30 K 2 T < R 95 e B i 19 EE L

F6 RETHERHERGCESREIFBEREH(HQ)MAEBERE IEH (HI)

Tab.6 Hazard quotient and hazard index of heavy metals in urban street dust of Laiwu City

Hazard quotient( HQ)

Hazard index (HI)

Heavy metal Ingestion Inhalation Dermal contact
Children Adult Children Adult Children Adult Children Adult
Hg 3.72E-03 3.98E-04 3.64E-07 2.05E-07 6.11E-05 8.54E-06 3.78E-03 4.07E-04
As 2.56E-01 2.74E-02 7.13E-06 4.02E-06 7.18E-04 1.00E-04 2.57E-01 2.75E-02
Cr 1.33E-01 1.42E-02 3.89E-04 2.20E-04 7.64E-03 1.07E-03 1.41E-01 1.55E-02
Pb 9.93E-02 1.06E-02 2.76 E-06 1.56E-06 5.01E-09 7.50E-11 9.93E-02 1.06E-02
Zn 2.11E-03 2.26 E-04 5.90E-08 3.33E-08 1.21E-05 1.70E-06 2.12E-03 2.28E-04
Cu 4.97E-03 5.33E-04 1.38E-07 7.80E-08 1.91E-05 2.67E-06 4.99E-03 5.36E-04

®7 RETHRHEEREESEBERK(CR)

Tab.7 Carcinogenic risk of heavy metals in the urban street dust of Laiwu City

Carcinogenic risk

Heavy metal Total carcinogenic risk
Maximum Minimum Average
As 3.23E-11 1.85E-12 8.73E-12
3.12E-09
Cr 5.30E-09 1.69E-09 3.11E-09
& £ X #
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Concentrations and health risk assessment of heavy metals in

urban street dust of Laiwu City

Zhang Mengyue'?,Zhang Zhibo',Liu Tao',Zhang Quanxiang',Lu Wei',Zhang Ju'

(1.School of Environment and Planning, Liaocheng University, Liaocheng 252000, China;

2.School of Ecology and Environment, Inner Mongolia University, Hohhot 010000, China)

Abstract : The dust samples were collected from the main streets in the urban area of Laiwu City. Heavy metals concen-
trations and the basic physicochemical properties including the pH and organic matter content of street dust were analyzed. The
spatial distribution and the correlation between the heavy metals concentrations and the basic physicochemical properties of
street dust were discussed. Health risk assessment of heavy metals in the street dust was carried out. The results showed that
the mean concentrations of Hg, As, Cr, Pb, Zn and Cu were 0.170, 11.7, 60.6, 52.9, 96.3 and 30.3 mg * kg ' respectively.
The street dust was mainly alkaline with the average pH value of 9.40. The organic matter content was 21.49—118.85 g *» kg !
with an average of 54.06 g « kg '. The concentrations of heavy metals were all in accordance with the second class standard of
soil environmental quality standard (GB15618—1995). The mean concentrations of heavy metals except Cr all exceeded the soil
background values of Shandong province. Except for Pb, the spatial distribution of heavy metals in the urban area of Laiwu City
showed a decreasing trend from the west area to the east area, reflecting the impact of human activity intensity. The significant
correlations between Cr, Cu and Zn might suggest the two possible sources of heavy metals in urban street dust; one might be
related to vehicle transportation, and the other might be industrial production. However, Hg and As had weak correlations
with other heavy metals indicating they might mainly come from other pollution sources. The health risk assessment results
showed that the ingestion was the main way contributing to the hazard quotients of heavy metals in urban street dust, followed
by the dermal contact and inhalation way. The order of non-carcinogenic hazard risks of heavy metals was as follows: As,Cr,
Pb,Cu,Hg,Zn. Non-carcinogenic hazard risks induced by the six heavy metals were higher to children than to adults; however,
both of the non-carcinogenic hazard risk was less than the risk threshold i.e. one indicating the health hazard was low or neglect-

able. As and Cr have very low carcinogenic risk for people who live in the urban area of Laiwu City.

Keywords: heavy metal;street dust;spatial distribution;health risk assessment; Laiwu City
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