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The speciation and bioavailability of heavy metals pollutants in soil along highway

in Erdos
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Abstract The concentration and speciation of heavy metals and pH in soil along the highway were analyzed for assessing
their bioavailability and potential ecological risk in Erdos. The results indicated that valid state percentage of heavy metal in
soil followed the order of Zn > Pb > Ni Cr > Cu whereas the heavy metals concentration in plants followed another order
of Zn > Cu > Ni Cr As Pb > Cd > Hg suggesting that there was not consistency between concentration and speciation
of heavy metals in soil. The valid state percentage of heavy metal in soil of three various roads were 15. 7% ~46.1%

8.0% ~40.9% and 9. 1% ~33.9% respectively. The higher organic state and Fe-Mn oxygenation speciation were

dominant. A higher Cu concentration was observed in different organs of different plants. These might be implied that there
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was Cu accumulation in plants due to their physiological function such as transpiration water and nutrient transportation.
The higher valid state and lower rudimental percentage of Zn in soil implied that it should be paid attention to potential

effects of heavy metals on regional ecosystem.

Key Words heavy metal speciation bioavailability soil-plant system Erdos
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1.3.2
Tissier " Pb Zn Cu Ni Cr 1
1 13
Table 1 Sequential extraction procedure for the speciation of heavy metals in sediment '
Speciation * Sequential extraction procedure
Phase 1 1.000g y lllnol/L s 8ml 25+1 C ’s l15min
Exchangeable m mn m
Phase 2 Phase 1 Imol/L. NaOAC 8 ml 251 C 5h 15min
Carbonate 4 ml 15min 25ml
Phase 3 Fe-Mn Phase 2 20ml 0. 04 mol/L 25%  HAC ' 96 +3 C 6h
. 15min 4 ml 15min
Fe-Mn Oxides
25 ml
Phase 3 0.02 mol/L 3 ml 5 ml 30% 85+2 C 2h 30%
Phase 4 3ml 852 C 3h 251 C Sml 3. 2mol/L 20%
Organically bound 20ml 30min 15min 4ml 15min
25ml
Phase 5 10ml HF + 2ml HCIO,  130°C 10ml HF + 1ml HCIO, 1ml HCIO,
Residual 20% HNO,
* the same below
1.3.3 pH
pH pHS-2 1:1 "
1.3.4 QA/QC
1.4
SPSS 13.0 ANOVA LSD
2.1 pH
14 )
Ph 18.5 mg kg™'  Cu 16.4 mg kg™ Cr 44.5 mg kg™
17.2 14.4 mg kg™'  41.4 mg kg™ Zn Ni 62.9
mg kg™
Zn 107.4 mg kg™'
3.07 4.17 6.32 Ni 62.9 mg kg™'
1.26 2.33 3.15 /n
Ni » <0.05
pH pH
pH pH
Cd Zn Cd Zn pH 1210
Cd Zn pH Cd Zn
17~19 pH
pH 8.1
2 pH
pH
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pH Zn
2 14 pH * mg kg’l
Table 2 Comparison of heavy metal concentration and pH between background value and observed means in soil
Concentration Cu Zn Pb Ni Cr pH
30.0 9.0 35.0 50.0 70.0 -
Middle data in soil of World
22.6+11.41  74.2+32.7 26.0+12.37  26.9 +14. 1.0 +£31.07 -
Element background value in soil of China 6 £32.78 6-0+12.3 6.9+14.36  61.0231.0
Element background value in soil of 14.4 £6.70 59.1+£37.65 17.2+10.18 19.5 +9.07 41.4 £20.42 -
Inner Mongolia
. . 19.8£6.85 70.0+29.71b  22.4+9.06 23.3+9.12b  51.1£19.00 7.4+1.29
Element background value in meadow soil
. . . 21.6 £12.74 56.2 £23.94b  22.0+8.53 24.1+7.25b  47.0+12.77 8.3 +0.36
Element background value in brown soil
. . 18.9+9.08 66.9+32.71b 21.2+10.94 23.6+10.29b 54.0 £23.88 8.1+0.54
Element background value in chestnut soil
Heavy metal concentration in soil 16.4 £9.60 107.4 £50.16a 18.5+15.46 62.9 +£25.78a 44.5+23.02 8.1+0.27
along highway
* A Element background value was A layer in soil + The date
represent Maen + SD LSD p<0.05 Velues with different letter in same element of the
same column indicate a significant difference at p<<0.05 according to LSD test
2.2
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The comparisons of the heavy metal concentration in plants between highway-side and cleanly area
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Pb Cr Ni Cu As Se Cd Hg

Pb 3.36 mg kg~! 0.37 mg kg™' 9.03 1A p <0.05 Pb
4.84 mg kg™ 0.18 mg kg™'  26.90 1B p<0.05 Pb
2.12 mg kg™ 0.25mg kg™ 8.6l 1C p <0.05 Pb 4.67

mg kg™ 0.35 mg kg™'  13.34 1D p <0.05 Zn 74.51
mg kg~ 1A p>0.05 Zn 80. 46 mg kg™ 74.93
mg kg™' 1.07 1B p <0.05 Zn 130.23 mg kg™
1C p>0.05 Zn 96.85 mg kg™ 57.23 mg kg™'  1.69 1D
p <0.05 Pb
Cr Ni Cu Pb  Zn
Zn>Pb >Ni Cr>Cu
Zn>Cu>Ni Cr As Pb>Cd >Hg
2.3 -
Tissier Cu Zn Pb Ni Cr 5
3 G109
- 15.7% ~46.1% G210 - 8.0% ~40.9% G109 -
9.1% ~33.9% Fe-Mn
2
2
CaCo,
G210 - Cu 0.04 ~
0.14pg g™ 2
Pb 11.825 ~21.195
mg kg_1 Ph 1.58% Pbh
18 21
G109 - Pb 1.0 ~4.79ug g 2
G109 - Cr 0.86~9.23ug g”' 2
pH pH pH
5
Cr 15.31% > Ni 1.42% >Pb 1.01% > Cu Zn <D Cr 15.31%
4 10%
CaCoO,
Fe-Mn Ni 0.16 ~1.87pg g~ 2 Zn 4.7 ~42.8ug g~ 2
Pb 0.73~5.02pg g™' 2 Fe-Mn
Fe-Mn pH
Fe-Mn pH Fe-Mn Zn
Fe-Mn 15.02% Zn 4 Fe-Mn
10% Fe
Mn
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Cu Cu
0 Cr
Zn 28.12% > Cu 15.53% > Ni 15.17% > Pb 14.80%
Cr 4.13% 22
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Fig.2 The speciation concentration of heavy metals in soil along highway in Erdos
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pH
2 Pb Ni Cu
Zn pH Pb Ni  Cu
Fe-Mn
23 24
Fe-Mn
primary phase secondary phase Pb
G109 - > G109 - > G210 - 4
25
4
Table 4 Heavy metal concentration ratio of different chemical phases in soil along highway of Erdos
Element

Highway Chemical phases Cr Ni Pb Cu 7n

G109 - Secondary phase 18.269 20. 469 25.062 15.646 46.139

Dongsheng-Xuejiawan Primary phase 81.731 79.531 74.938 84.354 53.861

G210 - Secondary phase 21.182 23.836 36.874 7.969 40. 842

Dalate-Dongsheng Primary phase 78.818 76. 164 63.126 92.031 59.158

G109 - Secondary phase 16.411 23.073 29.588 9.058 33.926

Dongsheng-Etok Primary phase 83.589 76.927 70.412 90.942 66.074

26 3
Zn Cu Cr Ni Pb
40cm
20 21
pH
27
Fe-Mn
28~30
/n
3.1 Pb Cu Cr Zn Ni
3.2 Fe-Mn
Zn >Pb >Ni Cr > Cu /n

>Cu>Ni Cr As Pb>Cd>Hg
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3.3 Cu
Zn
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Table 3 Speciation of heavy metals in soil from Western Inner Mongolia highway
Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Fe-Mn
. Exchangeable Carbonate Fe-Mn oxides Organically bound Residual Toral
Highway Element contents
Concentration  Percentage ~ Concentration  Percentage ~ Concentration  Percentage ~ Concentration  Percentage ~ Concentration  Percentage pe g
pe g % pg g % pe g % pe g % pg g %

#1 G109 - Cu 0.059 0.723 <D 0.077 0.95 0.604 7.385 7.439 90.948 8.18
Dongsheng-Etok Zn 1.583 2.376 <D 10. 006 15.021 11.011 16.529 44.016 66.074 66. 62
Pb 0.309 1.302 <D 2.096 8.847 4.606 19.439 16. 685 70.412 23.7

Ni 0.219 0.779 D 1.869 6.638 4.409 15. 657 21.661 76.927 28.16

Cr <D 5.291 14.345 0.612 1.66 0.15 0.407 30. 831 83.589 36.88

# G210 - Cu 0.103 1.284 <D <D 0.538 6.685 7.407 92.032 8.05
Dalate-Dongsheng 7n 2.097 3.368 <D 8.14 13.075 15.19 24.399 36.83 59.158 62.26
Pb 0.343 1.581 0.2201 1.013 1.93 8.889 5.513 25.391 13.707 63.126 21.71

Ni 0.156 0.601 0.369 1.42 1.045 4.025 4.62 17.79 19.78 76.165 25.97

Cr <D 5.963 15.31 1.173 3.012 1.114 2.86 30.7 78.818 38.95

#3 G109 - Cu 0.02 0.112 <D <D 2.827 15.534 15.354 84.35 18.2
Dongsheng-zhunger Zn 1.36 1.892 <D 11.564 1.391 20.214 28.118 38.721 53.861 71.89
Pb 0.201 0.667 0.267 0.885 2.626 8.709 4.462 14.801 22.592 74.938 30.15

Ni 0.322 0.745 0.036 0.082 1.93 4.471 6.547 15.171 34.326 79.533 43.16

Cr <D 4.959 11.36 1.215 2.783 1.801 4.126 35.679 81.731 43.65

D

D denoted the detectability —* =

the same below
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