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Release characteristics of Cd and Pb from mining
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Abstract: [Objective] This study investigated contents and release behaviors of Cd and Pb in soil pol-
luted by mining industry in Shaanxi. [Method]) Soils were collected from fields near mining sites in Fengx-
ian (FX),Tongguan (TG) and Luonan (ILN). The total and available contents and speciation of Cd and Pb
were tested according to particle size. Besides, the release behaviors of Cd and Pb were investigated using

batch experiments. [Result] Soil was seriously polluted in these areas. More specifically,the total contents
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of Cd and Pb in 3 soil samples were 107. 84,218.62,179. 29 mg/kg and 208. 93,2216. 61,1 046. 24 mg/kg,
respectively. The total contents of Cd and Pb increased with the decrease of particle size,and the availability
was in a decreasing order of TG>LN>FX for both Cd and Pb. The available contents of Cd ranged
11.59—16.73 mg/kg,21.10—23. 07 mg/kg,and 16. 01 —16. 73 mg/kg for FX, TG and LN, respectively.
The available contents of Pb ranged 18. 30 — 25. 05 mg/kg, 140. 22— 210. 59 mg/kg, and 25. 81 —44. 06
mg/kg for FX, TG and LN, respectively. Cd and Pb were mainly dominated by carbonate bounded species
and sulfide species, while the water-soluble fraction was small. The release of Cd and Pb was complete
within 12 h before reaching the equilibrium. The release process can be divided into 3 steps:quick- release,
slow-release and dynamic equilibrium, belonging to pseudo second order kinetics. [Conclusion) Soil was
polluted seriously by the mining industry in all the three sites,and the release of Cd and Pb was strongly

influenced by soil particle size and source of pollutants. In addition, the release of water soluble Cd and Pb

was a complex heterogeneous diffusion process.

Key words:lead-zinc mining areas;cropland soil;cadmium;lead;scale-dependent effect
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Table 1 Physical and chemical properties of soil samples
o=
i b FX TG LN
Index
FHHLE /(g + kg™!) Organic matter 9. 54 10. 00 8.73
A /(g kg™ ') Total nitrogen 1. 80 1.52 1.42
BRARAS /(g + kg™!) CaCOs 66. 60 26. 98 48.01
H P/ (mg « kg™ ') Fe 3.42 55. 64 49. 27
pH 8.07 7.27 7.97
J Cd/(mg « kg™ 1) Total Cd 107. 84 218.62 179. 29
E Pb/(mg + kg™ ') Total Pb 208.93 2 216.61 1 046. 24
=0 30~ Yo 4 0
=0. 30~<1. 00 mm KL {2534/ %4 32. 90 16. 42 24. 90
Particle size distribution
> ~ de A2 SN A /0
=0. 15~<0. 30 mm KLEESHi/ %9 26. 08 16. 99 29. 36
Particle size distribution
~ 5 i 44 0
=0. 10~<0. 15 mm KLEESHi/ %9 15. 07 32. 93 19. 40
Particle size distribution
S 42 0
<0. 10 mm HiLf2 534/ %4 25.95 33. 67 26. 33

Particle size distribution
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Table 2 Contents of common ions in different soil solutions mg/L
T2 H Na™* AT Ca®™ Mg?* Ba?" K" Fed™ NO; SO~ CO3~ Cl B PO}~
Soil p a “a g a e NOs 1 5 ) T
FX 8.07 18. 37 0.015 32. 86 13.00 0.101 1.98 0.012 0.59 0.99 1.19 13.79 0. 45 0.24
TG 7.27 13. 82 0.023 31.76 12.98 0.105 1.75 0.018 0.53 0.93 0.78 12. 96 0.37 0.27
LN 7.97 15. 36 0.018 30.73 12. 31 0.103 7.88 0.015 0.58 0. 84 1.07 22.79 0.42 0.25
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Fig. 1 Total and available contents of Cd and Pb in mining contaminated farmland soil in Shaanxi

Different letters indicate significant difference by Duncan’s multiple range test (P<Z0. 05)
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Fig. 2 Chemical speciation of Cd and Pb in mining contaminated farmland soil in Shaanxi
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Fig. 3 Release curves of Cd and Pb with different particle sizes in mining contaminated farmland soil in Shaanxi
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Table 3 Kinetics parameters of pseudo-first order, pseudo-second order and two constant rate

equations in mining contaminated farmland soil in Shaanxi

WE— %3 1225 W3 1% S8 KU Ry e

b % /mm Pseudo-first order equation Pseudo-second order equation Two constant rate equation

Index  Soil Size , b/ we/ , k2 / we/ Wesp/ , a/(mg *

R? h 1) (m§° R? (kg ng° (m§° (m§° R? kg !+ ho1) b
kg™ 1) h™1) kg ) kg D)

=0.30~<C1.00 0.985 9 0.29 0.918 0 0.999 1 2.45 1.43 1.52 0.974 1 0.92 0.202 8
. =0. 15~<20. 30 0.968 3 0.29 0.818 7 0.999 1 2.45 1.43 1. 49 0.951 8 0. 94 0.196 7
re =0.10~<C0. 15 0.972 9 0. 26 0.773 6 0.995 1 2.13 1. 25 1. 28 0.907 5 0. 86 0.106 1
. <0. 10 0.953 6 0.25 0.4393 0.999 4 6.05 0.91 0.92 0.933 0 0.63 0.159 6
e =0.30~<C1.00 0.961 4 0.24 0.3194 0.998 8 6.40 0.63 0.63 0.952 9 0. 44 0.143 2
LN =0.15~<20. 30 0.969 1 0. 24 0.3097 0.998 2 6.53 0.71 0.71 0.932 9 0. 54 0.088 5
=0.10~<20. 15 0.971 0 0.24 0.4304 0.998 2 4. 80 0.83 0. 81 0.992 6 0. 56 0.125 5
<0. 10 0.947 7 0.24 0.4812 0.996 2 3.03 0.91 0. 89 0.925 8 0.62 0.114 3
=0.30~<C1.00 0.970 8 0.24 0.4198 0.997 1 3.47 0.67 0. 66 0.923 3 0. 40 0.179 7
Pb TG =0.15~<0. 30 0.985 5 0.27 0.956 2 0.9959 1. 20 1.11 1.16 0.988 9 0. 54 0.269 6
=0.10~<20. 15 0.977 4 0.26 0.403 3 0.9989 2.93 0.59 0.58 0.588 5 0. 20 0.576 1
<20. 10 0.983 2 0.25 0.3644 0.9990 3.47 0.48 0.48 0.606 7 0.16 0.562 9

T s wex N E 93N ) 27 i 90 AR 19 B R a8 B A5 - iE Cd P i B .

Note: wexp stands for the equilibrium solution concentration of Cd and Pb.

3 A L3Eh Cd.Pb A ML S AT BRI R E &R M R SR R A T
53X 5 Guo 5 MBS R — 8. 54N FX 1M Se ARBFSh FXOR LN L3y pH B8 TG - 4%
1 Cd.Pb LK LN R3erp PhoRKEME R B m . MR 00 pH 2 S 20HE 4 8 1K i s
BOPRBOREER XS 2 BB pH e d] R BRI B T R SR B T A
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