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Clays, organic matter and iron- and aluminum-oxides, are the most reactive solid constituents in soils 

and sediments, where they play a major role in the fate and transport of contaminants (Stumm, 1992).  

Interactions of nalidixic acid (quinolone antibiotic) with Fe and Al-oxides and clay-coated sand grains 

packed into columns were studied under both static batch and dynamic flow conditions.  Three 

synthetic soils were used, SS0: 1wt% goethite (100-200 nm), 1wt% gibbsite (0.5-2 µm), 98wt% quartz 

sand (150-300 µm); SS1: 3wt% kaolinite, 1wt% goethite, 1wt% gibbsite, 95wt% quartz sand; and 

SS2: 3wt% bentonite, 1wt% goethite, 1wt% gibbsite, 95wt% quartz sand, in order to test the effect of 

clay on the non-reactive and reactive transport of species under saturated conditions.  The 

breakthrough curves (BTC) of bromide used as a tracer non-reactive solute and nalidixic acid (NA) 

were determined at different water velocities (0.1- 0.4 cm/min). 

Hydrodynamic properties of the various coated silica sands were different suggesting that the presence 

of clay can affect the spatial structure of the porous media.  The bromide tracer breakthrough 

experiments at a flow rate of 1ml/min showed that kaolinite may cause an increase in dispersion 

coefficient of the medium, while preferential flow paths probably occurred when bentonite was 

present in the soil (Fig. 1a).  Solute reactive transport experiments showed the breakthrough point and 

steepness of the BTC were dependent on both clay type and water velocity.  The lack of local 

equilibrium in the column could explain the breakthrough behaviour of NA.  The effect of 

nonequilibrium sorption can be tested by normalizing the solute breakthrough curve with its 

retardation factor and comparing the normalized solute BTC with the Br- tracer BTC.  The assumption 

of local equilibrium can also be tested by estimating the Damköhler numbers which represent the ratio 

of hydrodynamic residence time to characteristic time for sorption of a compound in the column 

(Altfelder et al., 2001)  All these results were consistent with that the solute BTC was affected by 

sorption kinetics. 

On the other hand, the clay mineralogy seems to affect the mobility of NA in soil columns.  The 

sorption isotherms determined under batch conditions showed that the sorption extent was dependent 

on both clay type and clay content.  In particular, the presence of kaolinite can increase the retardation 

factor by about two-fold: R ≈ 6.4 for the SS0-packed column, while R ≈ 11.0 for the SS1 one at a flow 
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rate of 1 ml/min (Fig. 1b), and R ≈ 8.5 for the SS0-packed column, while R ≈ 15.7 for the SS1 one at 

0.5 ml/min. 

In contrast, the mobility of NA was found to be faster in SS2 column than for SS0 or SS1, suggesting 

that the presence of bentonite can modify the water flow paths and therefore reduce the accessibility of 

solute to the reactive phases in column.  The consequences of these observations under flow 

conditions is that transport of such compounds in soils and sediments can be faster than expected 

based on batch experiments. 

Finally, macroscopic sorption model implemented in HYDRUS-1D (Simunek et al., 1996) and 

surface complexation model incorporated in PHREEQC (Parkhurst and Appelo, 1999), coupled with 

the hydrodynamic parameters were used to describe the aqueous transport of NA as described in our 

previous work (Hanna et al., 2010).  The modelling results showed that the multisurface modelling 

approach would be suitable to predict the reactive transport in soils and to a better understanding of 

the relationships between mobility and clay properties. 
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Fig. 1.  Breakthrough curve of the non-reactive tracer (a) and of NA (b) for the three SS-packed columns.  Flow 
rate = 1ml/min; [Br-] = 10 mM; inflowing solution with C0 = 0.2 mM of NA. pH= 7± 0.2; T=20°C, 10 mM NaCl.  
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