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Abstract : Hydrocarbon compounds in vadose zone soils caused by adsorption onto the surfaces of solid particles are
generally considered to show retardation effect. In this study, we investigated the retardation effect on the transport of
Benzene in a sandy soil by conducting batch and column tests. The batch test was conducted by equilibrating dry soil
mass with Benzene solutions of various initial concentrations, and by analyzing the concentrations of Benzene in initial
and equilibrated solutions using HPLC. The column test consisted of monitoring the concentrations of effluent versus
time known as a breakthrough curve (BTC). We used KCl and Benzene solutions with the concentration of 10 g/L and
0.88 g/L as a tracer, and injected them into the inlet boundary of the soil sample as a square pulse type respectively,
and monitored the effluent concentrations at the exit boundary under a steady state condition using an EC-meter and
HPLC. From the batch test, we obtained a distribution coefficient assuming that a linear adsorption isotherm exists and
calculated the retardation factor based on the bulk density and porosity of the column sample. We also predicted the
column BTC curve using the retardation factor obtained from the distribution coefficient and compared with the mea-
sured BTC of Benzene. The results of the column test showed that i) the peak concentration of Benzene was much
smaller than that of KCl and ii) the travel times of peak concentrations for the two tracers were more or less identical.
These results indicate that adsorption of Benzene onto the sand particles occurred during the pulse propagation but the
retardation of Benzene caused by adsorption was not present in the studied soil. Comparison of the predicted with the
measured BTC of Benzene resulted in a poor agreement due to the absence of the retardation phenomenon. The only
way to describe the absolute decrease of Benzene concentration in the column leaching experiment was to introduce a
decay or sink coefficient in the convection-dispersion equation (CDE) model to account for an irreversible sorption of
Benzene in the aqueous phase.
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Materials and Methods
Batch Test
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Figure 1. Particle size distribution of the sandy soil.
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Figure 2. Experimental set-up for column test to determine breakthrough
curve (BTC).
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Figure 3. Relationship between electrical conductivity (mS/cm) and
concentration (g/L) of KC1.
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Results and Discussions
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£ 46.60]21tH(Table 1). van Leeuwen(1995)S $Y3 4=
oA AHE Askr Y EYAFAA 9 Benzeneo FEE ol
&t SHE LolATe fr1eaPgd] vl FEY
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Table 1. Distribution coefficient and retardation factor of Benzene in the
studied sandy soil

G, C

C* Ky Po

e
(mgll) (mg/l) (ug/ly) (mi/g) (gem’) R
4397 810 14349
8794 911 31533
21985 4469 70063 1171 158 041 4655
4397 136.13 121428
879.4 199.71 2718.78

(C;: initial concentration of Benzene in solution, C.: equilibrium
concentration of Benzene in solution, C*: amount of Benzene sorbed per
dry weight of soil, K;: Distribution coefficient, p,: bulk density, 6:
porosity, R: retardation factor).
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Figure 4. The measured breakthrough curve (BTC) of KCl and the fitted
with CDE model withR = 1.
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Figure 5. The measured BTCs of KCI and Benzene in the sandy soil.
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Table 2. Estimated transport parameters of KCl and benzene BTCs when
fitted with CDE model. NA denotes not available (V: cm/min. D: cm™/
min, y: -}

Optimization  Estimated

Case .. KCl Benzene  Remark
condition  parameters
\ R=1 \Y 1.13 NA
u=0 D 097 NA
\Y NA
ES
2 R *1 D NA
\% 1.10
3-1 R=1 D 1.09
u 0.05
R=1
u=0 V.D From
32 vaias H 0.06 KCl
D=0.97
\Y% 2.75
4 R=1 D 2.49 "
u=0 R 244
u 0.14
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Figure 6. BTC of Benzene fitted to the measured data with a decay
coefficient in the CDE model (V. D from KCI BTC.R =1).
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Figure 7. Predicted BTC of Benzene with the retardation factor obtained
from batch test and measured BTC.
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