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Adsorption and Transfer of Trace Elements in Repellent Soils
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Water repellency which affects infiltration, evaporation, erosion and other water transfer mechanisms through
soil has been observed under several natural conditions. Water repellency is thought to be caused by
hydrophobic organic compounds, which are present as coatings on soil particles or as an interstitial matter
between soil particles. This study was conducted to evaluate the characteristics of the water repellent soil and
transport characteristics of trace elements within this soil. Capillary height of the water repellent soil was
measured. Batch and column studies were accompanied to identify sorption and transport mechanism of trace
elements such as Cu’*, Mn’*, Fe’", Zn*" and Mo™". Difference of sorption capacity between common and
repellent soils was observed depended on the degree of repellency. In the column study, the desorption of trace
elements and the spatial concentration distribution as a function of time were evaluated. The capillary height
was in the repellency order of 0% > 15% > 40% > 70% > 100% No water was absorbed in soil indicating
>70% repellency. Using trace elements, Fe’" and Mo®" showed higher sorption capacity in the repellent soil
than in non-repellent soil. The sorption performance of Fe’* was found to be in the repellency order of 40%>
15%> 0% Our results found that transfer of Mo’ had similar sorption tendency in soils having 0%, 15% and
40% repellency at the beginning, however, the higher desorption capacity was observed as time passes in the

repellent soil compared to in non-repellent soils.
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Table 1. Physical and chemical properties of the soil
sample.

Unit Soil
Total porosity % 41.5
Capillary porosity at 40-cm tension % 14.9
Air-filled porosity at 40-cm tension % 26.7
Bulk density g cm” 1.6
Particle density g cm” 2.7

pH (1:5) 6.7
dS m'  0.005
cmol kg'] 2.08

Electrical conductivity (1:5)

Cation exchange capacity

P,0s mg kg’ 11.9
K’ cmol kg'] 0.11
Ca® cmol kg'] 0.24

Mg™ cmol kg’ 0.15
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Table 2. Distribution coefficient (Kg) at different water repellency (WR) and the concentration of Cu”, MnH, Fe”, Zn*" and Mo™'.

Conc. Cu”
WR (%) 0 5 25 35 50
%
0 0 18.1 c 8.2 c 6.2 bc 53 a 4.6 a
15 0 18.7 b 9.3 b 7.6 c 4.0 b 3.1 b
40 0 17.6 d 9.7 ab 6.6 ab 53 a 4.6 a
70 0 18.1 c 9.4 ab 6.1 be 45 ab 3.2 b
100 0 19.3 a 10.1 a 7.0 a 5.3 a 3.9 a
Conc. Mn”"
WR (%) 0 5 25 35 50
%
0 0 8.9 ab 4.8 ab 3.7 a 4.7 ab 4.9 ab
15 0 9.8 ab 53 a 4.2 a 4.6 b 5.0 a
40 0 10.2 ab 43 b 42 a 5.2 ab 45
70 0 10.8 a 4.6 ab 3.7 a 5.5 a 4.0 c
100 0 8.3 b 4.6 ab 3.4 a 4.5 b 4.8 ab
Conc. Fe” (%)
WR (%) 0 5 25 35 50
%
0 0 18.7 b 11.1 a 8.1 b 6.9 b 6.5 a
15 0 18.8 ab 11.3 a 8.6 ab 7.4 ab 6.7 a
40 0 18.9 ab 11.2 a 8.8 a 7.6 a 6.8 a
70 0 19.1 a 11.3 a 9.1 a 7.1 ab 6.7 a
100 0 18.7 ab 11.5 a 8.6 ab 7.3 ab 6.8 a
Conc. Zn” (%)
WR (%) 0 5 25 35 50
%
0 0 6.8 a 2.9 a 3.0 c 3.9 b 4.7 a
15 0 7.3 a 3.2 a 35 be 43 b 4.8 a
40 0 9.0 a 3.2 a 42 b 42 b 44 a
70 0 9.3 a 2.3 a 52 ab 5.6 a 4.6 a
100 0 8.5 a 33 a 6.0 a 5.9 c 4.8 a
Conc. Mo™™ (%)
WR (%) 0 5 25 35 50
%
0 0 5.9 b 7.6 b 5.5 cd 4.6 d 33 c
15 0 6.6 ab 8.1 b 4.7 c 5.8 c 4.0 b
40 0 6.4 ab 7.8 b 5.1 cd 5.8 c 42 b
70 0 8.2 b 9.3 a 5.8 b 6.4 b 53 a
100 0 7.8 b 9.7 a 7.7 a 7.2 a 5.6 a
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Fig. 1. Isothenms for the sorption of a) Cu2+, b) Mn2+, ©)
Fe2+, d) 7" and €) Mo™ as functions of the mass of
solute of solid (Cs) and the liquid-phase equilibrium con-
centration in solution (Cw) in 0% and 100% repellent soil.
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Table 3. Freundlich sorption equation parameters and coefficient of determination for cu”, Mn™, Fe’*, Zn®" and Mo
at different water repellency of 0% 15% 40% 70% and 100% The Freundlich parameters of K and n were calculated

with a nonlinear regression.

Water repellency

Trace elements

0 15 40 70 100
%
K/ 45 72 41 65 61
cu* n 0.40 0.20 42 0.25 0.32
R’ 0.97 0.86 0.95 0.88 0.97
K; 12 14 14 17 11
Mn** n 0.71 0.68 0.67 0.61 0.74
R’ 0.91 0.93 0.88 0.83 0.90
K; 40 39 38 40 39
Fe* n 0.52 0.54 0.55 0.53 0.54
R’ 0.99 1.00 1.00 0.99 0.99
K; 7 8 11 9 9
Zn** n 0.82 0.82 0.71 0.80 0.83
R’ 0.85 0.88 0.84 0.70 0.85
Kr 10 11 9 13 11
Mo™ n 0.77 0.79 0.84 0.80 0.87
R’ 0.90 0.92 0.95 0.96 0.96
"Constant related to sorbent capacity.
*Constant related to the degree of deviation from isotherm linearity.
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Fig. 2. Breakthrough curves for a) Fe’* and b) Mo™" in 0%
15% and 40% repellent soil. C0 is intial concentration
in each solution and C is the concentration in leachate
of each solution.
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