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1. Introduction

Groundwater aquifers are one of the main sources of drinking water and agricultural water supply.
Investigating the nitrogen transport to subsurface soils and groundwater sources is an important issue due
to the dynamics of nitrate in the soil and its impact on the health of consumers. On the other hand, increasing
the use of nitrogen fertilizers is a serious threat to underground water and human health due to the high
dynamics of nitrate in the soil. The movement of pollutants in groundwater is carried out by two Advection
mechanisms caused by hydraulic gradient and mechanical and molecular dispersion. Investigations related
to the transfer of pollutants are usually carried out in three ways: laboratory, numerical and analytical.

2. Materials and Methods

In this study, the effect of 0, 1, and 2 percent by weight of cocopeat, biocharcocopeat, and vermicompost
modifiers on nitrate transfer in sandy loam and clay loam was investigated. The soils were obtained from
the agricultural research center of Hamadan province. After that, the experiments were carried out in the
form of a completely randomized design in three replications in the drainage laboratory of the Faculty of
Agriculture of Bu Ali Sina University. Then the soil columns with a length of 70 cm and a diameter of 6
cm were filled with soil up to a height of 50 cm. To facilitate drainage, a 5 cm layer of sand was added to
the end of the columns. Then, the soil columns were saturated for 60 days in three 20-day intervals. Pure
potassium nitrate salt solution was used as an artificial pollutant with a concentration of 150 mg/liter.
During the test, a constant water load of 5 cm of the pollutant solution was continuously maintained on the
soil columns, and sampling of the columns' drainage was done at different times. After equalizing the
concentration of output and input solutions, the columns were completely washed with distilled water.
Sampling continued until reaching zero concentration at the output of the soil columns. To investigate the
persistence of nitrate in the soil and the delay in nitrate output, the values of nitrate dispersivity in the treated
columns were obtained by solving the inverse convection-dispersion equation (CDE) using the CXTFIT
computer analytical model based on breakthrough curve information. In the CXTFIT code, which is a sub-
model of STANMOD, the convection-dispersion equation (CDE) is used, the input parameters of which
are obtained from the breakthrough curve data (Toride et al., 1995). The simplified one-dimensional form
of the convection-dispersion equation (CDE) in the saturated medium with steady flow conditions is as
equation 1, and considering the initial conditions and boundary conditions, its analytical form is as equation
2.

aC(zt) 0°C(zt)
D, .
ot ac
aC(zt) c, z-V,t
=—erfc z
ot 2 (2, /DZtJ
Where C(z,t) is the pollutant concentration (ML-3), Dz is the longitudinal dispersivity coefficient along the

vertical of the test column (L2T-1), Vz is the average pore water velocity (LT-1), z is the location coordinate
(L) and t is the time coordinate (T).

The soil nitrate concentration before the experiment was considered as the initial condition [C(z,0)=0] due
to the alternating saturation of the columns with distilled water during 60 days. Concentration flux BC
condition is based on the constant nitrate concentration in the water entering the upper boundary and
independent of time [C(0,t)=CO0], the zero gradient condition at the lower boundary [C(,t)=0], and the
lateral boundaries impermeable was applied as a boundary condition to the CXTFIT model.

3.  Results

The results showed that the use of modifiers affected the physical and chemical properties of the soil. These
changes included an increase in organic carbon, organic matter, electrical conductivity, porosity, as well as
a decrease in bulk density, as well as a delay in reaching the final concentration compared to the control
soil. In such a way that the use of all three organic substances caused an increase in the delay time in the
treatments of sandy loam soil and clay loam soil compared to the corresponding treatment of the control
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soil. The effect of biochar modifier at the level of 1% and 2% on soils was more than other modifiers.
Nitrate dispersivity in soil columns was calculated with CXTFIT model. The results indicated the effect of
modifiers on nitrate dispersivity in soil. The highest delay time was observed at the level of 1%
vermicompost of sandy loam soil and at the level of 2% cocopeat of clay loam soil compared to the control
treatment.

4.  Discussion and Conclusion

The results show the ability of the CXTFIT model in simulating and estimating the dispersivity in both clay
loam and sandy loam soils. In sandy loam soil, the highest and lowest dispersivity in control soil and
Vermicompost 1% are 0.1084, 0.0062, respectively, and in clay loam soil, the highest and lowest
dispersivity in control soil and cocopeat 2% are 0.16213 and 0.0516 cm2 per hour, respectively. In total,
the lowest dispersivity value compared to the control soil was obtained for the levels of 1 and 2%
vermicompost in sandy loam soil and the levels of 1% and 2% cocopeat in clay loam soil.
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