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Investigation of co-migration of heavy metal with colloid under preferential flow
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Abstract: Most of the heavy metal pollutants in soil come from external industrial and agricultural activities. Surface soil layer
is the only access through which the heavy metal can migrate downward. Because of drying shrinkage and animal or plant
activities, there are macropores in surface soil, which form preferential flow channels. In some cases, these channels are the
only way for the heavy metal to pass through the vadose zone. Colloid has great adsorption capacity of heavy metal and can be
transported under preferential flow, so the colloid may accelerate the migration of the heavy metal. The adsorption
characteristics of heavy metal cadmium and lead in brown-yellow silty clay in Shanghai and soil colloid are determined by the
isothermal adsorption tests. Leaching tests are carried out using the soil columns with repeatable preferential flow
characteristics to investigate the colloid-heavy metal co-migration under preferential flow condition. The results show that the
soil colloid has higher adsorption capacity of heavy metal than the silty clay. When there is colloid, the outflow of cadmium is
1.49 times higher than that without colloid, and the outflow of lead is 33.88 times higher than that without colloid. By the effect
of colloid, the concentrations of heavy metal adsorbed in silty clay and kept in pore solution are both lower than those without
colloid, so more heavy metal migrates downward. The migration of heavy metal is obviously accelerated by the colloid under
preferential flow condition. Although the source concentration and leaching time of lead are both higher than cadmium, the
outflow of lead is only about 1/13 of cadmium. The migration of lead in soil is weak due to high adsorption.
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Table 1 Basic parameters of test soils
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Fig. 1 Grain-size distribution of test soil column
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Table 2 Chemical compositions of silty clay (%)
Wiy SiO, Al 05 Fe,0; Ca0 K,0 MgO Na,O TiO, MnO,
i 62.81 13.63 5.34 3.82 2.26 2.25 1.24 0.78 0.10
"I MRFTHNERTESE
Table 3 Metal elements in silty clay (mg'g")
EJEHR K Fe Al Na Mg Ca Mn Zn Cr Pb Cd Cu
i 21.20 18.05 11.07 7.50 7.36 543 0.472 0.063 0.082 0.041 0.033 0.029
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Table 4 Langmuir parameters of Cd and Pb for test soils
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Gmax/(mg g 27.17 120.06

it K/(L'mg ) 1.72 2.64
R 0.929 0.970
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Fig. 2 Langmuir adsorption isotherms of Cd and Pb
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Fig. 3 Set-up for solute breakthrough tests
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Fig. 4 Fitting of CI breakthrough curves with bimodal probability

density model
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Table 5 Parameters of bimodal probability density model

H 5 1-m o, T° o, 7,° 0, 0, 0 R’ n
| 0.32 0.48 753.27 0.67 753.15 0.33 0.17 0.50 0.986 0.58
it 0.35 0.57 785.36 0.49 785.14 0.34 0.19 0.53 0.978 0.58
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Fig. 5 Leaching tests on co-migration of heavy metal with colloid
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Fig. 6 Effluent concentrations of Cd with and without colloid
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Fig. 7 Adsorbed Cd and Cd concentrations in pore water
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Fig. 8 Effluent concentrations of Pb with and without colloid
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Fig. 9 Adsorbed Pb and Pb concentrations in pore water
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