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Abstract

This article models a dynamics of change of concentration of oil
products in the railway ROW soil under the influence of natural min-
eral sorbents. The mathematical model developed allows judging the
effectiveness of the planned activities for oil-contaminated soil cleanup.
There is a comparison of the results of mathematical modeling with
experimental data.
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1 Introduction

Rail transport is one of the sources of environmental pollution. During oper-
ation of railway transport, the soil adjacent to the railway bed is subject to
pollution by harmful substances, including by oil products. Feature of this
type of pollution is that the concentration of oil products in the ROW soil
may be relatively small, but at the same time the pollution leads to severe
environmental consequences. One of the most environmentally friendly and
inexpensive methods for railway ROW cleanup is the use of natural mineral
sorbents - pollution absorbing substances [1,2]. Therefore, it is a vital task to
develop a mathematical model for soil cleanup by this method.
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2 Mathematical model

Let u(t) be a concentration of the pollutant in the soil at the time t, s (t) be
part of the pollutant absorbed by the sorbent during the time t. Since the
increase in the amount of absorbed oil leads to a decrease in the concentration
of oil in the soil, then the functions u(t) and s(t) are related by the following
equation:

du (t)

dt
= −ds (t)

dt
. (1)

The rate of absorption of oil by sorbent is proportional to the concentration
of oil products in the soil. However, the absorption of oil reduces the sorption
capacity of natural sorbent, so we assume that

ds (t)

dt
= mau (t)−mbs (t) . (2)

Here a is a coefficient depending on the sorption capacity of sorbent, m
is a mass of sorbent applied to the soil at the initial time, b = b (m) is a
coefficient equal to the rate of change of the sorption properties of sorbent
with an increase in the amount of the absorbed substance.

Let us specify the initial conditions

u (0) = u0, s (0) = 0, (3)

where u0 is a concentration of oil products in the soil at the initial time.
By solving the system (1)-(3) we obtain the law under which the concen-

tration of the pollutant in the soil under the influence of sorbent changes:

u (t) =
u0b

a + b
+

au0

a + b
e−m(a+b)t. (4)

3 Mathematical model adequacy

The following properties of the soil cleanup method follow from (4).
1) At b 6= 0 this soil cleanup method does not lead to a complete soil

cleaning-up, since lim
t→+∞

u(t) 6= 0.

2) Increasing the sorbent amount does not always mean a substantial re-
duction in the concentration of oil products in the soil.

Similar effects have been observed in practice in the application of bentonite
- a natural mineral - as sorbent [3]. Figure 1 and Table 1 show the results of
mathematical modeling of change in the concentration of oil products in the
soil under the influence of bentonite, as well as experimental data [3]. As can
be seen from Figure 1 and Table 1, the rate of change of concentration of oil
products in the soil is reduced over time.
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Figure 1. Comparison of the results of mathematical modeling and
experimental data,

u0 = 0, 680, a = 154 · 10−5, b = 48 · 10−5

Table 1. Comparison of the results of mathematical modeling and
experimental data

Concentration of
oil products, mg/kg

Time, days
experimental mathematical

data modelling results
0 0,680 0,680
8 0,364 0,363
16 0,280 0,240
24 0,220 0,192
32 0,215 0,173
40 0,170 0,166
48 0,160 0,163
56 0,158 0,162

At a fixed value of t = t0 , the expression on the right-hand side of the
equation (4) can be regarded as a function of m.

ut0 (m) =
u0b

a + b
+

au0

a + b
e−m(a+b)t0 (5)

The function (5) determines the optimum amount of sorbent applied to
the soil. Figure 2 and Table 2 show a comparison of the function (5) graph
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with the experimental data [3] obtained in the study of the influence of the
amount of bentonite applied to the contaminated ROW soil on the change in
concentration of oil products.

Figure 2. Changes in the concentration of oil products in the soil at various
bentonite additions,

u0 = 0, 680, a = 154 · 10−5, b = 48 · 10−5, t0 = 48

Table 2. Changes in the concentration of oil products in the soil at various
bentonite additions

Concentration of oil products
after 48 days, mg/kg

Bentonite dose, g/kg
experimental mathematical

data modelling results
0 0,680 0,680

29,1 0,320 0,192
58,2 0,160 0,163
87,3 0,155 0,162
116,5 0,153 0,161
145,6 0,155 0,161

4 Conclusions

The mathematical modeling results are in good agreement with the experimen-
tal results and demonstrate the mathematical model adequacy. The mathe-
matical model developed determines the limits of the effectiveness of the use
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of the railway ROW cleanup method using natural sorbents, as well as to
determine the optimal amount of sorbent applied to soils.
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