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Numerical Analysis of Colloid Leaching from Volcanic Ash Soil Columns

JIAR ", FHEIAME", Per MOLDRUP™, /M & 7"

Ken KAWAMOTO, Hirotaka SAITO, Per MOLDRUP, and Toshiko KOMATSU

Transport of pesticides, heavy metal, radionuclide, and other strongly sorbing contaminants in soils is

enhanced by colloid-facilitated transport. In order to understand colloid transport in soil, we first characterized

coagulation/dispersion properties of colloidal solutions extracted from volcanic ash soil. Next, we investigated

mobilization and leaching of colloidal materials from soil columns during rainfall irrigation. The

coagulation/dispersion properties greatly varied with pH in colloidal solutions, causing change in particle size

distributions with time. The leaching of colloids was numerically simulated using a new colloid transport

model considering both equilibrium and kinetic sorption sites for colloids. HYDRUS-1D was used for the

numerical simulation and estimation for transport parameters of colloids. The estimated distribution coefficient

of natural colloids (which leached under application of artificial rainwater) was an order of magnitude larger

than that of applied colloidal solution. The estimated detachment coefficient of natural colloids was three to

four orders of magnitude greater than that of applied colloidal solution.
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Table 1 Soil physical characteristics.

Organic  Soil mineral

Soil Depth Soil texture ' Clay Silt Sand pH? EC?
matter density
m gm’ mS m’!
Tachikawa loam
0.0-0.1 Loam 8.7 39.8 515 7.8~9.2 2.68 6.5~6.8 5.8~6.5

(Andisol)

T Soil textures are classified based on the International Soil Science Society (ISSS) standard.
Soil pH was determined in H,O with a 1:2.5 (w/w) soil/water suspension. Soil EC was determined in H,O with a 1:5 (w/w) soil/water

suspension.

Table 2 Characteristics of artificial rainwater and colloidal solution at natural pH.

Soil pH EC Turbidity =~ Concentration of CS Dissolved Organic Carbon ¢ potential at pH=6~7
mS m™ NTU mg L mg L mV
Artificial Rainwater T~ 6.5~6.8  2.1~2.3 0 0
Colloidal solution 6.5~7.0 2.5~58 7.2~10.1 48~7.1 0.42~2.33 -12 ~ -14

70.085 mM NaCl+0.015 mM CaCl,.

i¢ potential was determined by the Smoluchowski equation with using measured electrophoretic mobility.
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Fig. 4 Experimental apparatus for column tests.

Table 3. Applied solutions for column experiments.

Experiment Solution schedule *
A ARW (20 hr) CS (20 hr) ARW (20 hr)
B ARW (20 hr) CS (20 hr) ARW (20 hr)
C ARW (20 hr)
D ARW (20 hr)

t ARW: artificial rainwater. CS: Colloidal solution.
DEZEZLND, £z, 025um fHTICBNZE—7 |2
BLTIE, MHBRAZEX TS, b LIE, Ml
NS T ETHRIHTE 7223572 0.1um BLF ORL1-H3EE
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717 NIRRT E LT, ALHAK (ARW)
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A 7z (Table2), FERRTREEIX 80mm/hr & L, ARW O
20 RFfHFERT + CS @ 20 IF[EIBERN + ARW D 20 FFfH] RN
DM (Exp. A, B), 60 FEfj> ARW ek O 5:1F
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Fig. 5 Effluent characteristics for experiments A and C. (a), (b) Cumulative effluent, (c), (d) pH and EC, and (e), (f)

Colloid concentration, C,, as a function of time.
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Fig. 6 Inverse solution of colloid breakthrough
curves. (a) Release of natural and applied colloids
for experiments A and B. (b) Release of natural
colloids for experiment C and D.

STBLEREL Ko B ) AR 72 D8 A BT ds T WA - il
BRI Koo, kao) DIEWVTH D, Natural colloid D Ky 1t
6.84 c’ mg”' C, Applied colloid ® 2.96E-01 cm’ mg™!

Table 4. Transport and reaction parameters used to simulate colloid breakthrough curves for column

experiments.
Description Parameter Value

Parameters for water transport
Saturated volumetric water content, cm® cm™ 0 0.77
Dry bulk density, g cm™ p 0.62

Parameters for natural colloids
Initial soil colloid concentration adsorbed to the sorption site, mg mg™ Si 3.42E-01
Equilibrium distribution coefficient, cm® mg™ Ky 11.4
First-order colloid attachment coefficient, h™! Kac -
First-order colloid detachment coefficient, h™ Kac 2.22E-02-

Parameters for applied colloids
Initial soil colloid concentration adsorbed to the sorption site, mg mg’! Si 0
Equilibrium distribution coefficient, cm® mg™ Kq 8.13E-01 (Exp. A), 5.69E-01 (Exp. B)
First-order colloid attachment coefficient, h™ Kac 8.72E-01 (Exp. A), 7.41E-01 (Exp. B)
First-order colloid detachment coefficient, h™ Kac 6.82E-06 (Exp. A), 1.29E-06 (Exp. B)
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