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Transport of Zn Ion under various pH Conditions
in a Sandy Soil
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ABSTRACT

Adsorption onto the surfaces of solid particles is a well known phenomenon that
causes the retardation effect of heavy metals in soils. For adequate remediation of
soil and groundwater contamination, it is important to investigate the mobility of
heavy metals that largely depends on pH conditions in the soil water since adsorption
of heavy metals is pH-dependent. In this study. we investigated the transport of Zn
ion under various pH conditions in a sandy soil by conducting batch and column
tests. The batch test was performed using the standard procedure of equilibrating
fine fractions collected from the soil with eleven different initial ZnClz concentrations,
and analysis of Zn ion in the equilibrated solutions using ICP-AES. The column test
consisted of monitoring the concentrations of soil solutions exiting the soil column
with time known as a breakthrough curve (BTC). We injected respectively ZnClz and
KCl solutions with the concentration of 10 g/L. as a tracer in a square pulse type
under three different pH conditions (7.7, 5.8, 4.1) and monitored the flux con-
centration at the exit boundary using an EC meter and ICP-AES. The resident
concentration was also monitored at the 10cm-depth by Time Domain Reflectometry
(TDR).

The results of batch test showed that ion exchange process between Zn and other
cations (Ca, Mg) was predominant. The retardation coefficients obtained from adsorp-
tion isotherms (Linear. Freundlich. Langmuir) resulted in the various values ranging
from 1.2 to 614.1. No retardation effect but ion exchange was found for the BTCs
under all pH conditions. This can be explained by the absence of other cations to
desorb Zn ion from socil exchange sites under the conditions of BTC experiment
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imposing blank water as leachate in steady-state flow. As pH decreased. the peak
concentration of Zn increased due to the competition of Zn with hydrogen ions (H*)
and the concentrations of other cations decreased. The peak concentration of Zn was
increased by 12.7 times as pH decreased from 7.7 to 4.1.
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Fig. 1. Particle size distribution of the

studied sandy soil.
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Table 1. Adsorption isotherm models and related retardation coefficients

Adsorption Isotherm Linearized Equation Retardation Coefficient
o . B,
Linear C' =K., 1+7Kd
N—1
Freundlich C=Kcr log C" = log K+ Nlog C, 1+ ﬂ%i_
. . aBC, C. _ 1 & __aB
Langmuiz = T+ eC. == C,+—EE I+ ( (1+an)2)
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Fig. 2. Experimental set-up for column test
to determine saturated hydraulic
conductivity and breakthrough curve
(BTC).
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Fig. 5. Adsorption isotherms fitted to the measured data using three different models:

(c)
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Linear adsorption isotherm. The values in parenthesis denote equilibrium concentration
range which is regressed, (b) Freundlich adsorption isotherm. N and log K mean the

slope and intercept, (¢) Langmuir adsorption isotherm.

and intercept.

1/8 and 1/ef mean the slope

Table 2. Retardation coefficients calculated from three different adsorption isotherm models
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amournt concentration
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307.04 678.72 0.13 1.91 0.07 1.52
383.88 1232.20 0.08 1.59 0.03 1.20
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Table 4. lonic potentials of cations calculated
from ionic radii and charges

7n* ca®* Mg

Tonic Radii (A) 0.68~0.98 1.08~1.43 0.66~0.97

Tonic Potential 2.04~2.94 1.40~1.85 2.06~3.03
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C  Concentration of solute in liquid phase
(g/ 1)
C' Amount of solute adsorbed per unit

weight of soil (ug/g)
C. Concentration of solute in solution in
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equilibrium with the mass of solute
adsorbed on to the solid (mg/ ¢)

Input concentration of the tracer (g/¢)
Dispersion coefficient (¢cm®/min)
Coefficient in Freundilch adsorption
isotherm

Distribution coefficient (ml/g)
Coefficient in Freundilch adsorption
isotherm

Retardation coefficient

R() Impedance at a given time(?)

R(t) Impedance at an initial time( ¢;)

t
)
14

B.

Py

Time (min)

Tracer input duration (min)
Pore water velocity (cm/min)
Distance (cm)

Adsorption constant for Langmuir
adsorption isotherm

Maximum solute adsorption from
Langmuir adsorption isotherm
Calibration coefficient (2g/2)
Volumetric moisture content
Bulk density (g/cm®)
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