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Abstract 

Although a repulsive force is generated electrostatically between anionic surfactant, sodium 

dodecylbenzenesulfonate (DBS), and the highly humic soil due to their negative charges, DBS 

adsorbs in the soil because of the hydrophobic interaction. Therefore, DBS transport delays in 

the soil due to adsorption. In this research, we examined the influence of contact time  on 

DBS transport and adsorption in the highly humic soil. DBS transport indicated by pore 

volume became faster and the adsorption amount was smaller with faster water flux when 

the soil column length was smaller. The transport and the adsorption amount showed almost 

the same value between different water flux when the soil column length was longer and the 

contact time was longer. The result indicated that the surfactant requires enough time to 

reach adsorption and desorption equilibrium for hydrophobic effect. 
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1.Introduction 

Surfactants are used as potential agents 

for enhanced solubilization and removal of 

contaminants from soil and sediments. The 

interaction between surfactants and soils 

can greatly affect contaminants transport 

and decomposition in soils. On the other 

hand, surfactants become sometimes 

contaminants because they can destroy the 

biological cells. To facilitate the application 

of surfactants-based technologies in soil and 

ground water remediation as well as water 

purification, it is important to develop a 

better understanding of surfactants 

adsorption, desorption and transport in soils. 

As the anionic surfactant adsorption in the 

negatively charged highly humic soil 

increases with decrease of pH and 

electrolyte concentration, its transport in 

soils delays. However, an influence of 

contact time on the surfactant transport is 

unclear. The purpose of this research is to 

examine the influence of contact time on 

surfactant adsorption and transport. 

２．Study method 

(1) Materials 

A highly-humic, non-allophanic Andosol 

(volcanic ash soil, carbon content:13.8%; 

CEC:12.3 mmol/kg) of the A horizon from 

Daisen pasture, Tottori Prefecture, Japan, 

which is negatively charged, was used in 

this experiment. Moist field soil sieved with 

a 2-mm sieve was used in the experiment.  

An anionic surfactant, sodium dodecylb

enzenesulfonate (C12H25C6H4SO3Na, molec

ular weight 348.48 g mol-1, DBS) with a 

linear carbon chain was purchased from 

Tokyo Kasei Kogyo Co. 

(2) Methods 

The soil was uniformly packed into the 

soil column (2 cm in diam. by 3 cm and 6 cm 

in height) at the bulk density of 0.5 g/cm3 

and then equilibrated with 100 mM NaCl 

solution. After that, DBS transport 



experiment was conducted. The DBS 

solution at 0.5 mM and 100 mM NaCl was 

percolated into the soil column at the 

different water flux. The DBS solution was 

percolated until the output solution 

concentration reached to that of input 

solution. In the experiment with the 6 cm 

height soil column, the DBS solution was 

percolated for the same elapsed time to the 

slowest water flux. Then, 100 mM NaCl 

solution was percolated without DBS into 

the soil column until DBS concentration 

comes to 0. The effluent DBS concentration 

was measured continuously.  

３．Results and discussion 

The DBS effluent curve with the x-axis 

indicated by pore volume shifted to the right 

when the water flux was smaller (Figs.1and 

3). The adsorption amount and desorption 

amount, calculated from the breakthrough 

experiment, were the same for the same 

adsorption desorption process (Figs.2 and 4). 

The result indicates that the adsorbed DBS 

discharged after desorption process without 

decomposition. 

In the experiments of the 3 cm height soil 

column, the adsorption amounts increased 

with the decrease of water flux. The elapsed 

times to reach the output solution 

concentration to that of input solution were 

28 hours for 94 μm/s,66 hours for 50 μm/s 

and 125 hours for 24 μm/s. Those elapsed 

times are supposed to be too short to reach 

the equilibrium adsorption at the 0.5 mM 

DBS concentration. Therefore, the 

adsorption amount increased with the 

increase of contact time.   However, in the 

experiments of the 6 cm height soil column, 

barely noticeable adsorption amount 

differences were observed among different 

water fluxes. The elapsed times to reach the 

output solution concentration to that of 

input solution were 432 hours for both 60 

μm/s and 6 μm/s. Those contact times seem 

to be enough to reach the equilibrium 

adsorption at the 0.5 mM DBS concentration. 

The result is supposed to be a typical 

phenomenon for the hydrophobic attraction. 

 

４． Conclusion 

During the transport in the highly humic 

non-allophanic andosol, enough contact time 

is needed for DBS hydrophobic adsorption to 

reach equilibrium.  
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