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Annotation

During the field development, metal mining and ore-
dressing treatment, as a rule, waste are generated that
pollutes the environment, in particular, soils and
groundwater.

The research presents the results of the study of the
mechanism of diffusion of minerals in the soil
environment, as well as the determination of the diffusion
coefficient of the component in the dispersed solid-liquid
system in the steady state.

The content of available forms of copper in the soils of Ukraine
(0-30cm)
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Conventions
low - less than 0,5 mg/kg
normal = 0.5 - 3 mg'kg

B cxcessive - more 3 mg'kg
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Gradations of Copper content

low <0,5 -
normal 0,5-3,0 <10
excessive >3,0 > 10

Chemical pollution of surface waters of some river
basins

Levels of river basins and reservoirs pollution with
copper compounds, mg/l

Western Bug 3-4 / 4-8

Poltva 4/10

Race, Solokia,

Meadows (Lake Svityaz) 2-3 / 2-7
Danube 4 / 7-11

Tributaries of the Danube 1-14 / 1-
28

Dniester 2-7 / 5-28

Tributaries of the Dniester,
reservoir 1-21 / 3-31

Southern Bug 2-4 / 3-5
Tributaries

Southern Bug 2-14 / 2-34
Dnipro 2-13 / 4-23

Tributaries of the Dnieper 1-13 /
2-26

Seversky Donets 2-3 / 4
Tributaries

Seversky Donets,

Reservoirs 2-34 / 4-34

Priazovye rivers 2-39 / 2-39

Kyiv, Kaniv

reservoir 3-5 / 4-19
Kremenchug,

Dniprodzerzhynsk

reservoir 3-26 / 6-68

Dniprovske reservoir 3-11 / 6-28
Kakhovka air force. 2-3 / 3-4
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Mathematical model

To assess the migration of heavy metals, an important point
is the mathematical interpretation of the process, which
allows you to realistically calculate the rate of penetration
of heavy metals into the environment. We described the
process of diffusion of heavy metals by a system of
equations:
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Applying the method of separation of variables to solve
this system, taking, we obtain the value of the
concentration at time t at a distance Z from the soil
surface.
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where A — constant, which must be found for this

differential equation.

By integrating the equation on A in the range from 0 to oo
and substituting in the equation the values of the constants
of integration C, and C, we obtain:
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By making a substitution we can calculate
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Substitute (4) into (3) and obtain:
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Substituting (5) in (2) we obtain:
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where ¢, o — constants that must be found for this
differential equation.

After integrating equation (6), substituting the initial
conditions, we obtain the expression for determining the
concentration of the released component at a distance Z

from the soil surface at time 1:

(Symak, et al., 2021). Substituting in the equation: we
obtain: . Then we get:
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At the initial moment of time 10 mass of dissolved heavy
metal salt , where F — the surface area of the heavy metal
salt particle.

At the moment of time t
Given that the mass flow rate:
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where € — soil porosity.

The solution will be as follows:
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Substituting expression (10) in (7) we obtain the equation

for calculating the concentration of heavy metals at a depth
of Z from the soil surface:
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Experimental

The study of the mechanism of migration of heavy metals
in the soil environment with a concentration of C1 = const
on the soil surface was performed according to the above
procedure. The distribution of the substance occurs in a
fixed layer of soil with a porosity € = 0.4 from the bottom
of the cell to the surface, ie in the positive

direction of the Z axis.

The distribution of the concentration of Cu?* on the soil
profile from the bottom of the cell to the surface in the
positive direction of the Z axis at t = const, days,
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wherem-t=1,0-1=3,x-1=30,D=2.27-10-1

*Conclusions

The processes of diffusion distribution of heavy metals in
the environment undoubtedly create a potential danger to
the environment, namely: soil pollution, hydrosphere by
heavy metals, etc. The nature and degree of resistance of
soils to pollutants is determined by the nature of the
chemical bonds that are formed between the pollutants in
the soil solution and in the equilibrium of mobile
compounds in the solid phase of the soil. Here some
chemical reactions are possible: precipitation - dissolution
of pollutants in the form of sparingly soluble sediments
(hydroxides, salts, complex compounds), exchange and
non-exchange sorption-desorption on the active surface of
solid soil phases.

*References

*Trus, 1., Halysh, V., Radovenchyk, Y., & Fleisher, H.
(2020). Conditioning of iron-containing solutions. Journal
of Chemical Technology and Metallurgy, 55(2), 486-491.

*Wang, X., Liu, J. (2020). Functional Micro/Nanoreactors
for Nanospace-Confined Migrations and
Diffusions. ChemNanoMat, 6(10), 1437-1448.

*Symak, D., Sabadash, V., Gumnitsky, J., Hnativ, Z.
(2021). Kinetic regularities and mathematical modelling of

potassium chloride dissolution. Chemistry & Chemical
lechnology, 15(1), 148-152.

*Sabadash, V., Mylanyk, O., Matsuska, O., & Gumnitsky, J.
(2017). Kinetic regularities of copper ions adsorption by

natural zeolite. Chemistry & Chemical Technology, 4 (11),
20459-462.

*Sabadash, V., Gumnitsky, J., Lyuta, O., & Pochapska, I.

(2018). Thermodynamics of (NH4+) cation adsorption

under static conditions. Chemistry & Chemical
lechnology, 12(2), 143-146.



	Mathematical prediction of the scale of migration of heavy metals in the soil profile  �V. Sabadash (Lviv Polytechnic National University), *S. Omelianova (Lviv Polytechnic National University)

