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Abstract. The article solves the scientific problem of decontamination of the soil using biomass. The
investigation was subjected to decontaminate the soil against the elements like Cu, Pb, Hg and As. As significant
consumer of heavy metals, Amaranth plant was chosen.
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Introduction
The largest holder of contaminated soil is water. With erosion it moves contaminated soil in parts
of water areas where no water flow is, like a dam. Subsequently contaminants are collected in soil
with gradual sedimentation. Therefore, it is necessary to extract the soil from the dam. With excavated
soil the dam restores the volume and can fulfil the original purpose of the collection of water and
produce energy. The article discusses the possibilities of soil decontamination with a proposal to
receive energy from contaminated phytomass with combustion. An investigation of the metals like
copper, lead, arsenic and mercury was made. As a potential hyperaccumulator plant amaranth plant
was used. After carrying out the experiments the levels of heavy metals in the soil before planting and
after harvest of the mentioned hyperaccumulator were measured [1].
Because the excavated soil is contaminated, decontamination can be done by several methods
[2; 3]:
• physical method;
• physic-chemical method;
• biological method.
The most preferred method appears to be the biological. The technological process of biological
decontamination is the usage of plants otherwise called hyperaccumulators. Plants with their root
system absorb from the substrate heavy metals, which are stored in different parts of the plants.
According to the findings, most pollutants are concentrated in the roots, footstalk and leaves.
Minimum content of pollutants is in the seeds.
Materials and methods
A sample of contaminated soil was taken from the water flow of river Hornad near the city of
Margecany, from estuary river Hnilec into river Hornadu.
Samples of soil were taken from the bottom of the river right bank in 15-20 cm profile in
quantities approximately 80kg. The soil showed characters of mud, what matches the humidity for our
experiment. For sowing Amaranth, an adjustment of soil moisture is needed so that advisable physical
properties for processing and sowing seeds are acquired. A part of the sample soil was given to
analyze the content of heavy metals. For analysis of soil samples biological accredited laboratory is
used.
For foundation of the experiment three variants with marking were created:
• K-1 variant with only contaminated soil
• K-2 variant with contaminated + not contaminated soil in ratio 1:1
• K-3 variant with not contaminated soil, as control variant.
Sowing was made in a plastic crate. The walls and bottom of the plastic crate were coated with
impermeability foil for the egesting of soil. The attempt was realized in laboratory conditions at the
Faculty of Manufacturing Technologies with the seat in Presov at the Department of Technology
Systems Operation.
We monitored the growing of plants since the incipiency of growth till gathering. At gathering the
height of the plants and the vegetable production were measured. From variant K-1 we separated the
root part for individual representations of heavy metals. Following the vegetable substance was dried
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and the soil and plant from variants K-1 were given to analyze. The variants K-2 and K-3 were not
passed through analyses, these variants served as control samples at comparison of growth and
vegetable substance production. From variant K-1 analysis for the content of combustion, heating
capacity and content heavy metals in ash was further made.
Results and discussion
1. Monitoring of plants height is important for plant collection technology with mechanization
devices.
The data of the examination variants are shown in Table 1.
Table 1
Data about height of plants in sample variants
Variant
K-1
K-2
K-3

Average plants height, cm
39
40,2
28,7

Range, cm
12-168
13-82
10-74

High range of plant height was affected by conditions that the plants were grown in laboratory
conditions. For mechanical harvesting plants with higher rise are better. It is possible to influence the
plant height with growth organization. The vegetable substance production is an important index,
because it determines utilization of fytoenergetic fuel from the unit of surface.
Individual variant vegetable substance productivity is shown in Table 2.
Table 2
Vegetable substance productivity
Variant
K-1
K-2
K-3

Productivity of variant, g
750
460
407

Productivity from 1 ha, t
37,5
23
20,3

The results of productivity prove that Amaranth provides sufficient vegetable biomass from unit
surface. Amaranth is able to be harvested with machines and provides production of fytoenergetic fuel.
2. Results of testing soil.
Analysis of the soil from variant K-1 is shown in Table 3 [4; 5].
Table 3
Analysis of heavy metals from soil from variant K-1
Element
of heavy
metals
As
Cu
Hg
Pb

Contaminated soil
before sowing
Amaranth, mg·kg-1
50.0
321
1.24
66.0

Contaminated soil after
the collection of
Amaranth, mg·kg-1
25.9
300
1.18
30.1

Limited attributes of
danger elements in
soil, mg·kg-1
25.0
60
0.50
70.0

In comparison with limited attributes of danger elements in soil in three cases their content is
highly exceeded. These elements are namely arsen, copper, and mercury. From the data in Table 3 the
soil contamination decreases after using the Amaranth plants.
3. Content of heavy metals in the plant.
The utilization of Amaranth plant for soil decontamination is mentioned in Table 4.
Analysis of the plant proves absorption of heavy metals, where the highest content of pollutants is
included in the root of the plant.
The result that the root is mostly contaminated makes a harvesting problem of the plant, because it
is different from collection of cultural plants which is technically solved. Therefore, there will be a
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need to solve technology of collecting whole plants [6]. The problem of harvesting requires individual
solution.
Table 4
Content of heavy metals in different variants
Element
of heavy
metals
As
Cu
Hg
Pb

Above-ground not
contaminated plant
0.03
8
0.05
0.50

Sort of sample
Above-ground
contaminated plant
0.06
31
0.06
1.11

Root of
contaminated plant
1.68
25
1.12
3.59

If the root stays in soil and we collect only the above-ground part of the plant, the
decontamination of the soil will be unsolved. The dead root could release heavy metals into the soil
and it goes backwards and the soil will contaminate again [7; 8].
The decision is to use the known techniques of harvesting plants.
4. Evaluation analysis of ash.
Ash is final existence, wherein there are heavy metals contained. The content of heavy metals in
ash is shown in Table 5.
Table 5
Content of elements of heavy metals in ash
Element of
heavy metals
As
Cu
Pb
Hg

Content of elements in
ash, mg·kg-1
2.25
304
8
0.2

Analysis proves that the ash includes large quantities of heavy metals.
Conclusion
The target of this article was to find out a possibility and effectiveness of decontamination of soil
through plant Amaranth, and exploitation of that plant as a fytoenergetic type of biomass for heating.
According to the findings and results from the research topics we can state that:
1. Plant Amaranth removes heavy metals from the soil and causes its decontamination.
2. For heat production as fytoenergetic fuel from biomass, it shows preferable and economically
preferable burning in packages [9].
3. After burning heavy metals are contained in ash. The contained heavy metals in ash are the
end product after burning. After Solidification method of ash, the heavy metals can be
eliminated.
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