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Content, Source and Speciation of Heavy Metal Elements of Street Dusts in
Baoji City
WANG Li-jun, LU Xin-wei, LEI Kai, ZHAI Yu-xiang, HUANG Jing

(College of Tourism and Environment, Shaanxi Normal University, Xi’an 710062, China)

Abstract: Heavy metal concentrations in street dust of Baoji City were investigated by using X-Ray fluorescence spectrometry ( XRF)
and atomic adsorption spectrometry ( AAS). The results show that the mean concentrations of Cu, Pb, Zn, Mn, Co, Ni, Cr and Cd
are 123.2, 408.4, 715. 1, 804.2, 15.9, 48.8, 126.7 and 5.5 pg-g ™', respectively, which are higher than those of the element
background values of International, Chinese, and Shaanxi Soil, especially for Cu, Pb, Zn and Cd. The source of heavy metal elements
in street dust of Baoji City was identifed by multivariate statistics analysis ( correlation analysis, principal component analysis and
cluster analysis) , and the results show that Ni and Cr mainly originate from natural source (local soil); Cu, Pb, Mn and Co have
mixed sources of human activities (industry and traffic) and nature (local soil) ; Zn and Cd represent traffic and industry sources. At
the same time, the speciation characteristics of heavy metals in street dust of Baoji City were investigated by using the modified BCR
sequential extraction procedure and ICP-MS. The results show that Mn, Co, Ni and Cr are dominated by residue (over 48.52% ), Zn
and Cd mainly exist in acetic acid extractable part (44.43% and 44.08% ), Cu is rich in oxidizable (48.22% ) and residual
(37.65% ) parts, Pb is mainly in reducible part (45.42% ). The order of mobility of heavy metal elements is Cd (90.11% ) > Pb
(82.33% ) > 7Zn (79.32% ) > Cu (62.35% ) > Mn (51.48% ) > Co (29.02% ) > Ni (23.62% ) > Cr (18.68% ), in
which of them, Cd, Pb, Zn, Cu and Mn have stronger transformation (over 50% ) and higher potential harm.
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Table 1  Extracting and analytical flow of the modified BCR
/gemL ™!
1 0. 11 mol/L HOAc 1:40 16 h
2 0.5 mol/L NH,OH-HCl,pH =1.5 1:40 16 h
8.8 mol/L H,0, ,pH 2 ~3 ,85C 1:10 L h,
3 8.8 mol/L H,0, ,pH 2 ~3,85C 1:10 1h,
1.0 mol/L NH,Ac,pH =2 1:50 16 h
4 HCI/HNO,/HCIO, 1:10
, Gssl 1.3
GSD12 ( ) SPSS 13.0

) 5%
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N . , 2.2
) 3. 3 s Cu.Pb . Zn Mn Co,
Ni.Cr Cd 77.9 ~ 259.9,
2.1 140.6 ~ 1864. 6, 384.9 ~ 1778.3, 544.5 ~2335.8,
2. 2 12.6 ~22.9, 33.3 ~219.3, 98.9 ~214.5 2.9 ~
, pH 8.02 ~10. 14, 7.6 pdg'gfl, 123.2, 408.4, 715. 1,
8.98, ; ( LOTI) 804.2,.15.9,48.8,126.7 5.5 pg'g_l.
2.16% ~ 18.84% , 8.77% ; .
s 5~50 pm(71.30% ) N ,Cu.Pb.Zn Mn,Co Ni .Cr
Cd 4.1, 11.7,
2 79.5.0.8,2.0,1.0,1.8,15.7 ,
Table 2 Physicochemical properties of street dust in Baoji City 54 15.7.9.6. 1.4 1.2 1.8 2.1.56.7
- LOI <5pm 5~50 pm >50 pm ’ ’ ' ) ) ’ ’
P /% /% % /% s 5.8,19.1,10.3, 1.4,
8. 02 2.16 2.75 15. 47 1.78 1.5.1.7,2.0,58.5 Cu.Pb Zn Cd
10. 14 18. 84 15.90 79.96 24.92 4
8.98 8.77 11.62 71.30 14.98
~6,12~20, 10 ~80, 16 ~60
3 /pgg”!
Table 3 Contents of heavy metal elements of street dust in Baoji City/pg-g ™'
[33] [33] [33]
Cu 77.9 259.9 123.2 43.25 0.35 30 22.6 21
Pb 140. 6 1864.6 408. 4 295.94 0.72 35 26.0 21
Zn 384.9 1778.3 715.1 320.08 45 9 74.2 69
Mn 544.5 2335.8 804.2 368. 62 0. 46 1 000 583 557
Co 12. 6 22.9 15.9 2.31 15 8 12.7 10. 6
Ni 33.3 219.3 48.8 29.97 0.61 50 26. 28.8
Cr 98.9 214.5 126.7 19. 67 0.16 70 61.0 62.5
Cd 2.9 7.6 5.5 1.19 0.22 0.35 0. 097 0. 094
,Cu.Pb . Zn Mn \
2.3
( 4) Cu 2.3.1
Luanda, Hong Kong, Kayseri, Oslo, 5
, Avilés Madrid | ; Pb 5 , Cu-Pb(0.416) |
Luanda ,Hong Kong , Kayseri, Oslo | . Cu-Mn (0. 548) .Pb-Mn (0. 535) .Pb-Co (0. 469)
. , Avilés  Madrid ; (p<0.01);Ni Cr
7Zn Luanda , Kayseri , Oslo , Madrid , (0.793,p <0.01),
. " Hong Kong , Avilés | ;Zn  Cd
;Mn Avilés Oslo,
( ) 3 Ni 2.3.2
9 (
);Cr s 6. 6 , 5
(Oslo )3 Cd Avilés , >1 ( ), 1(1.817) . 2
( Hong Kong, Madrid (1.774) . 3(1.331) ., 4(1.112) 5
). (1.033) 88.3% . 1 Ni
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Table 4 Comparison of heavy metals contents of street dusts in Baoji and others cities/ p.g-g’1

Cu Pb Zn Mn Co Ni Cr Cd
Luanda 42 351 317 258 2.9 10 26 1.1 [8]
Hong Kong 110 120 3 840 594 9.52 28.6 124 / [10]
Avilés 183 514 4892 1661 7.03 27.5 41.6 22.3 [11]
Oslo 123 180 412 833 19 41 / 1.4 [12]
Madrid 188 1927 476 362 3 44 61 / [12]
Kayseri 36.6 74.8 112 237 16.5 44.9 29 2.53 [13]
79. 38 75.62 169. 67 / / 22.17 87.26 4.95 [22]
235.89 416. 63 906. 29 / / 92.19 162. 59 1.58 [34]
176 240 586 481 13 23 78.8 2.41 [35]
94.98 230. 52 421. 46 687 / / 167. 28 / [5]
240 372 1078 / / 82 112 4.33 [36]
123.2 408. 4 715.1 804.2 15.9 48.8 126.7 5.5
1y« /”
5 b
Table 5 Correlation analysis of heavy metal elements of street dust in Baoji City
Cu Pb Zn Mn Co Ni Cr Cd
Cu 1
Ph 0.416" " 1
Zn -0.013 0.093 1
Mn 0.548" " 0.535" " 0.125 1
Co 0. 206 0.469 " " 0.216 0.202 1
Ni 0. 006 0. 040 -0.080 -0.091 0.266 1
Cr 0. 050 0. 024 -0.012 0. 159 0.267 0.793" " 1
Cd 0.076 0.297 0. 169 0. 098 -0.059 -0.155 -0.101 1
1) * = p<0.01
6
Table 6  Principal component analysis of heavy metal elements of street dust in Baoji City
( )
1 2 3 4 5
Cu 0. 007 0. 845 0.117 -0.001 -0.089 0.736
Pb -0.035 0.497 0.673 0.367 -0.059 0. 839
Zn -0.037 0.023 0.110 0. 090 0.977 0.977
Mn 0. 026 0. 886 0. 109 0. 059 0. 141 0. 821
Co 0.203 0.083 0. 904 -0.121 0.167 0.908
Ni 0.928 -0.086 0. 149 -0.058 -0.090 0.902
Cr 0.952 0.110 0.037 -0.042 0. 045 0.923
Cd -0.075 0. 046 -0.003 0.972 0. 095 0.962
1.817 1.774 1.331 1.112 1.033
/% 22.7 22.2 16.6 13.9 12.9
/% 22.7 44.9 61.5 75.4 88.3
(0.928) Cr(0.952) | 22.7%. 2
2 Cu(0.845)  Mn(0.886) o2
Ph(0.497) | 22.2%. 3 5 . :Ni-Cr.Cu-Mn.Ph-Co.
Ph(0.673)  Co (0.904) , Zn  Cd, 2 3
16.6% .Cd(0.972)  Zn(0.977) 4 , 4 5
5, 13.9%  12.9%. ,

2.3.3 2.3.4
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(60.1% ) > Cu (59.0% ) > Cr (58.6% )

, Cd.Pb.Zn Mn s

(1) , Cu.Pb,
7Zn Mn Co Ni Cr Cd 123.2 .
408.4, 715.1, 804.2, 15.9, 48.8, 126.7 5.5

pgeg .
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N N ’

Cd
(2) ,Ni  Cr

( ),Cu.Pb Mn Co
( ) ( )
,Zn Cd (
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(3 , Mn . Co.Ni Cr
(48.52% ),Zn Cd
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Cu (48.22%

37.65% ) ,Pb (45.42% ).

, : Cd
(90.11% ) > Pb (82.33% ) > Zn (79.32% ) >
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