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Table 1 Digestion procedure and result

GBW07405( GSS—

50 mg
Teflon
48 h

3 mL HF

[ O L S

2 mL

—0.5 mL HF+1.5 mL HNO;—1 mL HNO;

0.8 mL HF+1 mL HNO;—1 mL HNO,

2 mL
1 mL HNO;+3 mL HF—2 mL

—0.5 mL HF+1. 5 mL HNO;—1 mL HNOj;

HNO,—2 mL HNO,

2 mL HNO;+0. 5 mL. HF—2 mL HNO;—2 mL HNO;
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2 mlL 15
mol/L HNO, 2 mL 15 mL. HNO, Neptune Plus JMC3-0749L ’
- —a—Cn /-‘;., —-—7 i H /A\ \1
( ICP-MS NexION 300X 80 / \ | R S
PE) . I pg/L 2 pg/L 5 pg/l 10 2 / N\t 4 / \\ i
pe/L 25 pg/L 50 pg/L 52,1 / \ I
: Cr.CusZn.Cd  Pb 1/ \ | / \
R’ 0.991 8. / \| i |
o VAR, )
0.993 9.0.994.0.9927  0.989 9, 0 10 20 30 40
Vet A Ry mL
2
0.2 pg/ke 10 Fig.2 Elution curve
pne/kg o 5
GSS-5 Cr.Cu.Zn.Cd
Pb 103%-.98%94% . 102%  88%
(n=3) 8°Zn( %o) = (*®Zn/*Zn) /
° (*Zn/%Zn) -1 %1000
1.4
Cr.Cu.Zn.Cd Pb 102% . ( EF)
100%104%+103%105%  106%( n=5)
In 0.02 1
1.3 . Al
1999 Maréchal
AG MP-1 N
c,cC
3 EF - ( i/ Al)
(C/Cy)
(7 mol/L) o o c ; C, Al
Chen ’
6 mol/L HCI 7 2015
mol /L, HCl. 10 mL 2mol /L
HCI Fe Fe 10 ( 3)
Zn 1
mL. 2 mol/I.  HCI Fe( 2) Fe
Zn ( 2)o Zn
3
2 7n

Table 2 Elution sequence of Zn

/mL
2 mol/L HNO4 20 -
H,0 20 -
6 mol /L HCL i0 =
6 mol /L HCI 20 Cu
2 mol/L HCI 10+1 Fe

0.5 mol/L HNO; 10 Zn

Table 3 Background value of soil

Cr/( mg/kg) 101. 4
Zn/( mg/kg) 103
Cu/( mg/kg) 44
Ph/{ mg/ke) 43,8
Cd/( mg/kg) 0.6
Al/% 13
Ca/% 1
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. Cd ( RI)
( -
»GB15618-2018 RI = %Et - %TI x C'/C!
1' 5 =1 ‘i: 1 )
) 1~5 E )
’ T, i
CrvZn.Cu.Cd Pb
2.1.5.30 5, C i
C: i ( 3) . E'  RI
5.
’ 5
Table 5 The potential ecological risk index and level
E! RI
o 1 E'<40 RI<150
1 40<E;<80 150<RI<300
m 80<FE'<160 300<RI<600
I\% 160<FE; <320 RI=320
o v Ei =320
1.6
1.6.1 2
Muller 1969 Muller 2.1
2.1.1
o 6 3.
’ Zn Cd Zn
]gw=l()g2 C,/(KeB,)
! c 591. 0 mg/kg 570.7
g 3 ! mg/kg 376.2 mg/kg; Cd
8 4.4 mg/kg 3.4
K mg/kg 0.7 mg/kg. Cr.Cu Pb
( 1.5) o Muller Cr
4o 186. 0 mg/ke
4  Muller 79.5 mg/kg  163.7 mg/kg; Cu
Table 4 Classification of Muller’ s geoaccumulation 97.1 mg/kg
index and the implications 50.0 mg/kg  47.7 mg/
kg; Pb 129.9 mg/kg
[0 <0 I 69.1 mg/kg  45.9
0=/,,<1 1 mg/kgo
fii 1ﬂv1 2.1.2
</,,<
3=<l,,,<4 \Y% ( 4)
4<I,,<5 Vi Zn Pb
=5 v Cr Cu Cd
o Zn.Pb  Cd
1.6.2 Cr  Cu

2.2
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Table 6 Heavy metal concentration

Cr/( mg/kg)

Cd/( mg/kg) Cu/( mg/kg)

Zn/( mg/kg)

Pb/( mg/kg)

H 31.5~79.5 0.0~1.6 22.6~50.0 190.2~591.0 21.2~69. 1
57.6 0.4 25.5 103.9 44.9
0.2~76.5 0.0~4.4 7.3~22.6 37.0~272.6 1.2~34.5
mn 28.8~142.2 0.4~3.4 25.0~68.7 107.4~570.7 42.1~129.9
64.5~186.0 0.2~0.8 78.4~97.1 252.5~289.4 64.8~101. 1
0.4 0.0 4.6 111.6 2.7
m 29.3~45.2 0.4~0.7 13.1~40.8 125.3~168. 4 20.9~32.4
102.2~163.7 0.1~0.5 30.3~47.7 101.1~376.2 29.8~45.9
0.9 0.2 6.0 332.9 1.5
1( ) 4.1 0.5 3.0 10 630. 1 22.2
2( ) 6.1 0.2 4.0 6641.0 17.0
1( ) 391.2 10.0 26 311.0 16 301. 3 464.0
2( ) 2198.5 0.9 26 205.3 259.6 18.5
101.0 0.6 44.0 103.0 43.8
Cd GB15618-2018 .
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Fig.3 Heavy metal distribution in different sampling point
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Fig.4 Heavy metal distribution in different sampling type
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2 N
N N 8
o Table 8 Principal component analysis
I 7 Cr.Cd.Cu.Zn Pb ! 2
Cu 0. 861 0. 487
° Cr 0. 424 0. 899
7 Zn 0.79 -0.327
Table 7 Enrich ¢ fact Cd 0. 882 -0.291
able nrichment factor Ph 0. 899 0,317
EF Cr Cd Cu Zn Pb
H1 3.6~12.2 0.7~124.4 5.9~26.6 16.5~66.3 5.6~47.3 9
6.8~80.3 12.4~92.9 6.7~54.2 . .
Table 9 The result of Pearson correlation analysis

H2 4.0~43.8 2.8~47.3
3.0~41.6 0.7~15.6 2.7~30.5 3.9~106.3 3.8~21.6

H3
12-14
15-22
( 6)
23-24
25 PM,,
386. 8 kg/h PM,, 176.2 kg/
h PM,, 103. 2 kg/h
PM,, 666. 2 kg/ho
2
Zn+ Cu-~ Cd Pb
Cr :
Zn.Cd.Pb Cr Cu o
SPSS20. 0
( 8 ( 9, 8
Cu-Zn.Cd Pb
Cr 0
N Zn
9 Cu CrvZn Cr Pb
Cd 7Zn Pb
()
27-31

between heavy metals

Cu Cr Zn Pb Cd
Cu 1
Cr 0.497* 1
Zn 0. 686 ™ 0. 131 1
Pb 0.261 0.472™  -0.353" 1
Cd 0. 429" -0.102 0.773*  -0.673™ 1
k% 0.01 ( ) ¥ 0. 05 ( )
32
8% Zn
=2, 60%0~0. 45%(  5)
0. 09%0-0. 03%¢
(0. 15%0+0. 36%0)
o 5
o 8%7Zn
Zn
Zn
3% Zn
10
05
A A a a A /
0.0 - A - |
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Fig.5 Zn concentration and isotope composition
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10
Table 10 Geoaccumulation index and potential ecological risk of heavy metals
Cr Zn Cu Pb Cd RI
Ly, -1.3 0.7 -0.9 -0.6 -1.0 -
i E! 1.3 2.8 4.1 5.3 68.8 82.3
Ly, -0.9 0.7 -0.1 -0.1 0.1 -
H2 E! 1.8 2.7 7.4 7.9 69.9 89.7
Lo -1.4 0.0 -1.4 -1.4 -1.5 -
i3 E 1.7 1.9 3.6 3.6 19.9 30.7
2.3 N
( 2)
10) Zn
Zn o
o 3) Cr+Zn.Cu.Cd
Ph
GB 15618-2018 Cd
Zn.Cu Cd o
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Distribution Characteristics Source Apportionment and Risk Assessment
of Heavy Metals along Guihuang Highway Guizhou China

HE Benqing ' > WANG Zhongwei' > ZHANG Ting’ LIU Jianfeng' > LIU Yulong'
LIANG Zhongxuan' > TAO Faxiang' LIU Xiaojing" CHEN Jiubin®

(1. State Key Laboratory of Environmental Geochemistry Institute of Geochemistry Chinese Academy of Sciences
Guiyang 550081 China; 2. University of Chinese Academy of Sciences Beijing 100049 China; 3. Institute of
Surface—karth System Science Tianjin university Tianjin 300072 China; 4. Environmental Engineering
Assessment Center of Guizhou Province Guiyang 550002 China)

Abstract: In this study we analyzed concentrations of heavy metal elements Cr Cd Cu Zn and Pb in dust soil and plant samples
collected along the Guihuang Highway in Guizhou province China with a goal to better identify the distribution characteristics and
impact of highway emission on the surround environments. Zn isotope composition was also measured to confirm the contributing
sources. Our results showed significant enrichments of heavy metals in dust and soils along the highway and main sources of these
heavy metals is the wear of tires and brake pads. Geoaccumulation index and potential ecological risk index methods were employed to
evaluate the (dedre of heavy meétzl pollutiore and: the miskolevelcolt environimebtal keologi¢ dmpact, Amongsisthese: investigated heavy met—
als Zn was the element with the highest enrichment. All metals Cr Zn Cu Cd and Pb had certain risks and displayed harms to the
environment reaching medium or low risk level while Cd would possess the highest threat to the environment.

Key words: heavy metal; highway, distribution pattern; zinc isotopes; environmental ecological risk



