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Abstract. Illegal dumping is dumping of any waste such as oil, furniture,
appliances, trash, litter or landscaping cuttings, upon any land of state, city,
village or private ownership without consent of the owner. Illegal dumping
has a great negative and fatal impact on our environment and all living
organisms both fauna and flora. It also exposes people to various risks of
chemicals (fluids or dust) and is a big threat to all under-ground and
surface water resources. Illegal dumps also attract all kinds of bugs such as
rodents and insects. For example, illegal dumps with waste tires provide a
practically perfect place for mosquitoes to breed. Mosquitoes can multiply
100 times faster than normal in the warm, stagnant water in waste tires.
Exemplary for the illegal dump in Sverdlovo of Leningrad Oblast’ the
main purpose of this article is to offer a possible option for the remediation
of contaminated area.

1 Introduction
Nowadays ecological situation in Sverdlovo, which is situated in Vyborgsky District of
Leningrad Oblast’, is deteriorating because of the dump, which has illegally appeared there.
Earlier, when this territory was clean, there were some clay pits, where people got clay for
brick production. The clay pits appeared there at the beginning of the XIX centaury, and
during the 200 years after establishing, they were filling up with water. Landscape, which
had transformed due to the clay-extraction, turned to the recreation area for many people.
Unfortunately, the territory has recently become operating as an illegal dump: it is filling up
with construction and household wastes (Fig. 1).
The relevance of cleaning the territory is obvious, because the dump has significantly
deteriorated the environment and the surrounding area. Today we can verify harmful gases
(CH4, CO2) from the decomposition of organic wastes and an increasing number of rodents
and insects. Periodic burning of the landfill pollutes the atmosphere with toxic substances.
In addition, it has a harmful impact on the quality of the nearby ponds and streams. The
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water research, which was conducted by members of the FBU «Center of laboratory
analysis and technical measurements», revealed the presence of a high content of phenol,
iron and oil products [1].
The main purpose of this article is to offer a possible option for the remediation of
contaminated areas. As the state of the environment at the place of the dump becomes
environmentally dangerous, it is necessary to carry out measures to restore the favorable
ecological situation in this area.

Fig. 1. Illegal dump in Sverdlovo of Leningrad Oblast´, Russia.

2 Problem of urgency concerning illegal dumpsite
A dumpsite (also tip, landfill, rubbish dump, garbage dump or dumping ground) is a site for
the disposal of waste materials by burial and is the oldest form of waste treatment [2].
Historically landfills have been the most common method of waste disposal organization.
Moreover, they remain so in many countries around the world. Some dumps are also used
for waste management purposes, such as the temporary storage, consolidation and transfer,
or processing of waste material (sorting, treatment, or recycling). A dump also may refer to
ground that has been filled in with rocks instead of waste materials, so that it can be used
for a specific purpose, such as for building houses. Unless they are stabilized, these areas
may experience severe shaking or liquefaction of the ground during an intensive
earthquake.
Dumpsites have the possible potential to cause a number of issues. Infrastructure
disruption, such as damage to access roads by heavy vehicles, may occur. Pollution of local
roads and water courses from wheels on vehicles when they leave the dumpsite can be
significant. Pollution of the local environment, such as contamination of groundwater or
water horizon or soil pollution may occur, as well. Extensive efforts are made to capture
and treat leachate from landfills before it reaches groundwater horizon, but engineered
liners always have a lifespan, though it may be 100 years or more. Eventually, every
dumpsite liner will leak, allowing the leachate to contaminate the groundwater [3].
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Methane is naturally generated by decaying organic wastes in a dump or landfill. It is a
potential greenhouse gas which can destroy the atmospheric ozone, and can itself be a risk
or danger because it is flammable and potentially explosive. In properly managed landfills,
gas is collected and utilized. This could range from simple flaring to landfill gas utilization
[4]. Poorly run dumpsites may become nuisances because of vectors such as rats and flies
which can cause infectious diseases. The occurrence of such vectors can be mitigated
through the use of daily cover. Other potential issues include wildlife disruption, dust, odor,
noise pollution, and reduced local property values.

3 Method and proposed solutions
The method for land reclamation described here, are implemented in three stages:
preparatory, technical and biological.
3.1 Preparatory stage
At the preparatory stage, scientists are exploring the disturbed areas and determine the
direction of reclamation. The major activities of mechanical cleaning of territories and
removal of surface contamination are carried out before the technical stage. The preparatory
phase of the water (drainage and water barrage) facilities construction involves a
preliminary assessment of the hydrological conditions of the recultivated object.
Indicators of soil hydrophysical properties: water-retention capacity and hydraulic
conductivity of the soil are among the important indicators that characterize the
hydrological conditions of recultivated lands. It is necessary to conduct soil-reclamation
engineering research in order to receive these indicators. As part of these investigations
appropriate laboratory studies are carried out. These studies are very time- and labourconsuming. Using the technology of indirect estimation of indicators of soil hydrophysical
properties with respect to the available data is advisable to reduce the costs of carrying out
soil-reclamation research. For example, the water-retention capacity of the soil can be
estimated using so-called soil hydrological constants, such as Field Capacity and Wilting
Point [5], and applying pedotransfer functions [6].
Hydraulic conductivity of the soil can be assessed using an improved method of
Mualem-Van-Genuchten [7-10]. The method based on the fact that the water-retention
capacity and soil hydraulic conductivity are described by mathematical functions with a
single set of parameters. Physical interpretation is proposed for these parameters. This
interpretation is based on the idea of the soil as a capillary-porous media. In accordance
with these representations distribution of soil pores by its size obeys a lognormal
distribution [11-14]. The value of the capillary pressure (capillary-sorption potential) of the
soil moisture ψ [cm Н2O] is used to describe the interaction of water with the surface of
the soil particles. The volumetric water content θ [cm3·cm-3] is used to describe the
moisture content of the soil. Function θψ  describes WRC (water-retention capacity) of
the soil as:
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where: s is volumetric saturated soil water content; r is volumetric residual soil water
content; ψae  β rmax is bubbling pressure;  =   / and n  4 σ 2π  are position
and shape parameters respectively (further explanation:  =  /(
−  ); σ is
standard deviation of random variable ln ;  is pore radius that corresponds to the most
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probable value ln  of random variable ln  ;   r r
min

 rmax r  ; r

is pore radius; rmin

is radius of the smallest pore; rmax is radius of the largest pore; β  2γ cos φ gρ w  is
coefficient of proportionality;  is measure the surface tension of soil moisture;  is angle
of the contact of the surface of soil particles; g is gravity acceleration, ρ w is density of
liquid water).
Hydraulic soil conductivity is described as following:
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where k s - coefficient of filtration of soil moisture.
3.2 Technical stage
Technical stage includes the planning, the installation of hydraulic and drainage structures,
the covering potentially fertile soil layer and other works, which establish necessary
conditions for further use of the land for the intended purpose. The technical stage has
several steps and may include an intermediate step - chemical remediation.
The first step involves the selective mining, storage fertile soil layer and non-toxic
species, which will be used after finishing the work. The second stage includes the planning
and formation of the surface area. Pits, quarries and ravines are used for mounds, with the
creation of a relief in accordance with the sanitary standards of the chemical and
mineralogical composition of stored rocks. The third stage involves works on the formation
of the potentially fertile soil layer for the subsequent stage of the biological remediation.
Formation of the root zone depends on their rocks; if they contain more than 20% of
toxic compounds, chemical reclamation is carried out; then a layer of parent rock and on
top of the root zone - potentially fertile layer. At the same stage, there are works to protect
areas from storms and flood waters, water and wind erosions. These works include
construction of drainage and water protective structures [15].
After the completion of the technical stage of recultivation biological stage occurs,
whose task is to improve the properties of the soil. During this stage the physical and
chemical properties of formed soils should be taken into account. The soil may be fertilized
or sowed tree strengthen mixtures for fixing the surface layer of soil to prevent erosion, if it
is necessary.
3.3 Biological stage
The biological reclamation stage includes a set of agronomic and phyto-reclamation
activities using different bioremediation techniques [15]. Agrotechnical activities contribute
to the creation of soils with favorable for the development of plant properties and include:
 loosening the soil to accelerate the physical, chemical and biochemical processes;
 creation of an artificial micro-relief, which is made of alternating grooves and mounds
on soils with excess moisture;
 implementation of necessary fertilizers.
Recultivated soil and the surrounding area must be ecologically balanced sustainable
landscape after the completion of all works. According to the instructions of land
reclamation [16], connected with hygiene, the following requirements must be complied:
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 a choice of means preserving disturbed land, which depends on the condition,
composition and properties of rocks, weather conditions, technical and economic
indicators;
 activities for technical and biological reclamation disturbed lands with preserving, are
agreed in accordance with the sanitary and epidemiological service;
 the use of binding materials for fixing the surface of disturbed lands, that do not have
a negative impact on the environment and have sufficient water resistance and
resistance to temperature fluctuations;
 covering a shielding layer of soil from the potentially fertile soils on the surface of
industrial mounds, made of unsuitable for biological remediation substrate;
 implementation of land reclamation;
 conservation of the tailings, slurry tanks, ash dumps and industrial waste dumps
containing toxic substances;
 fixing the industrial waste dumps using technical, biological and chemical methods.
The phytoremediation method is used to cleanse the area from harmful gases. The
method is based on the ability of plants to absorb different compounds, split them and use
as a food. Using the method of phytoremediation, territories become cleaner from many
kinds of pollution, including the salts of heavy metals, pesticides and petroleum
hydrocarbons. Moreover, plants prevent the transfer of pollutants from the soil surface,
contaminated sites in water ecosystems and other environmental components [17, 18]. As a
result, after preparatory and technical works on the reclamation, it is needed to use plants
that are typical for the Sverdlovo region: red clover, timothy grass, meadow fescue, white
clover.

4 Results and discussions
The mathematical model of soil hydrophysical properties mentioned above is used in the
following way. The first step is to measure the dependence θψ  or to assess this
relationship using soil hydrological constants. Further, using the measured data θψ  the
hydrophysical parameters of the functions (1) and (2) can be defined. The second step is to
measure the ratio k s and then calculate the values of the hydraulic conductivity of the soil.
Hydrophysical functions (1) and (2) with estimated parameters could be used in
calculations of soil moisture dynamics [19-22].
These calculations allow taking reasonable engineering solutions during the
development of measures for land reclamation, as well as the design of reclamation
systems. If reclamated lands, which are very important to protect [23, 24], involved in
agricultural use, so the calculations of the soil moisture dynamics are relevant during the
forecasting of crop yields [25-29].
Further, the other stages of reclamation are realized, with strict adherence to the
instructions. It is also important to implement individual approach to every case of
described issue. It is necessary to calculate correctly the applied engineering solutions such
as drainage or hydraulic structures and especially arrangement of new soil layer [30].

5 Conclusion
Illegal dumping is a dangerous affair and puts people health and safety at risk, especially
when hazardous chemicals are involved and can threat the environment by polluting land
and water resources [31]. Illegal dumping is also dangerous for land owners who could be
breaking the law by knowingly or unknowingly allowing waste to be dumped on their
property without the necessary approvals [32-35]. Even if a land owner unwittingly allows

5

MATEC Web of Conferences 73, 03002 (2016)

DOI: 10.1051/ matecconf/20167303002

TPACEE-2016
waste to be dumped on their property it can still pollute land and water, and clean-up cost
may be very expensive [36]. In this paper the method for reclamation of the polluted areas
as the complex way is proposed. The problem urgency is considered. A step-by-step draft
of land reclamation is offered, preliminary phase is considered attentively, the connection
with the hydrophysical properties of the soil researches is approved, and the importance of
them is founded. The technical and biological stages of case are also investigated, all
researches are done for the example of the illegal dumping site in Sverdlovo of Leningrad
Oblast’, Russia.
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