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Abstract:
Preferential flow of water through soil macropores has been of concern because it may be a source of
accelerated contaminant transport into underlying groundwater. We designed an experimental system
to study effects of soil matric potential (h) on the occurrence of nonequilibrium (preferential) flow
conditions in four intact cores (15 cm diameter, 30 cm length) of a permanent grassland soil.
Nonequilibrium transport of a nonsorbing tracer (3H2O) was consistently observed at h > -5 cm, while
equilibrium conditions were consistent at h < -10 cm. This suggests that soil pores with equivalent radii
larger than 150 to 300 μm may contribute to preferential flow. However, no relationship between the
soil volume occupied by macropores and preferential flow was identified. Although the onset of
nonequilibrium transport was associated with increases in pore water velocity (v) within each
individual soil column, no consistent dependency of the occurrence of nonequilibrium on v was
observed among replicate soil columns. Since the pore water velocities associated with preferential
flow observed in the current study are often exceeded under local climatic conditions, preferential flow
events may be important under local field conditions.

For many organic solutes, microbial degradation is one of the most important processes controlling
contaminant fate and transport. We used 2,4-dichlorophenoxyacetic acid (2,4-D) as a model compound
to (i) test the applicability of first-order and logistic growth models for describing microbial
degradation under batch and transport conditions, (ii) determine the applicability of batch-derived
degradation parameters under a wide range of transport conditions, and (iii) separate effects of column
residence time (RT) and v on degradation rate parameters. Degradation of 2,4-D under batch conditions
was best described by a logistic growth model. Under transport conditions (repacked soil columns), a
continuous pulse of 1 mg L-1 2,4-D in the eluent solution resulted in a wide range of steady state 2,4-D
effluent concentrations (0.063-0.92 mg L'1). Although degradation of 2,4-D under transport conditions
was best described by first-order degradation kinetics, estimated first-order degradation rate constants
(μ1s) ranged from 0.007 to 0.071 h-1 as a function of v. Estimated values of μ1s were not correlated
with RT, but could be explained by invoking a relationship between v and a local opportunity time
(time per unit length). 
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