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Abstract:
The objectives of this study were to: (i) determine the unsaturated transport characteristics of
chlorsulfuron, a sulfonylurea herbicide, in disturbed and undisturbed soil columns and investigate the
capability of LEACHM, a computer transport model, for predicting chlorsulfuron transport, (ii)
evaluate soil depth and temperature effects on 2,4-D degradation rates, and (iii) investigate the effects
of organic cosolvents on degradation, volatilization, and unsaturated transport of naphthalene in soils.
Disturbed and undisturbed column experiments were conducted with either of two Montana surface
soils under unsaturated flow conditions. Unit gradient was established on all columns by balancing
surface water (with or without methanol or acetone cosolvent fractions) input with outflow at the
bottom of each column fitted with a stainless steel microporous plate connected to a vacuum source. A
nonlinear least-squares computer program (CXTFIT) was employed to analyze fraction-collected
effluent breakthrough curves (BTCs) for Br, 14C-chlorsulfuron, 3H2O, and 14 C-naphthalene and
derive dispersion coefficients and retardation factors. Observed Br and 3H2O breakthrough curves
(BTCs) were adequately described using the local equilibrium assumption (LEA) model. Observed
chlorsulfuron and naphthalene BTCs demonstrated significant chemical nonequilibrium during
transport. LEACHM-predicted BTCs for chlorsulfuron utilizing independently measured or estimated
soil physical parameters as input data did not adequately reflect observed chlorsulfuron BTCs because
the model had no capabilities for accepting input parameters relating to nonequilibrium conditions. The
experimentally determined chlorsulfuron BTCs confirmed the high mobility of this chemical at neutral
soil pH values. Naphthalene sorption decreased in a log-linear relationship as the fraction of cosolvent
increased, resulting in an increase in naphthalene transport. Degradation kinetics of 2,4-D were studied
in soils from 0-30, 30-60, and 60-120 cm depths of two Montana soils at three different temperatures of
10°C, 17°C, and 24°C. Air-dried and sieved (2 mm) soil samples were placed in reaction flasks and
treated with a solution of 14C-2,4-D simulating field rates. A carrier gas (air) was used to continuously
evacuate evolved 14CO2 into NaOH traps as a measure of 2,4-D degradation. Quantitative treatment
comparisons of soil depth and temperature effects were made by fitting the experimental data to both
logistic and first-order kinetic models. Degradation rates of 2,4-D decreased significantly with
increasing depth and with decreasing temperature. Naphthalene degradation kinetics were investigated
using a similar system with the addition of an activated carbon trap to assess 14C-naphthalene
volatilization. Experiments were conducted at 24°C using soil from the 0-30 cm depth of the
Amsterdam silt loam. Treatments included 100% water (control) and 25 % methanol and 10% acetone
cosolvent fractions. Naphthalene degradation decreased in the methanol and increased in the acetone
cosolvent treatment compared to the control. Volatilization increased as the cosolvent fraction
increased. 
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