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INCREASING EFFICIENCY                                                        
OF SOIL BIOREMEDIATION

I.V. Kokunova, A.A. Zhukov, T.E. Fedorova-Semenova 

The intensification of agricultural production and processing industries, the 
use of powerful tractors and harvesters, and the increase in the intensity of road 
cargo transportation lead to an increase in waste from economic activities and an 
increase in the anthropogenic load on the environment. Human-made accidents 
exacerbate the problems of the stability of natural ecosystems. Dangerous sub-
stances get into the soil and accumulate in it in the form of various toxicants. This 
situation poses a threat to all living organisms. One of the ways to solve the urgent 
problems of environmental safety and the production of high-quality agricultural 
products is the use of bioremediation technologies for soil purification. The paper 
aims to increase the efficiency of soil bioremediation technology by improving the 
technical means used for the aeration of soil piles. The current aerators-mixers 
perform soil agitation and grinding of large soil formations while saturating the 
treated material with oxygen. We propose improving the stirring drum design of 
a semi-suspended aerator-mixer, equipping it with new knife-shaped working 
blades and with a screw winding that allows increasing the contact area with the 
processed mass and forming a pile of a given shape. The contact surface increas-
es due to biological products sprayed by the nozzles and the fine soil fraction 
formed after treatment. This fact also intensifies the microbiological processes of 
toxicant oxidation. Based on the theoretical research and multivariate regression 
analysis, we obtained a regression equation. It allowed us to establish the rela-
tionship between the main factors that affect the aeration process of soil piles to 
a greater extent. We carried out experimental studies in the scientific laboratories 
of the university. Thus, we determined the rational parameters of the improved 
aerator-mixer of piles.
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ПОВЫШЕНИЕ ЭФФЕКТИВНОСТИ 
БИОРЕМЕДИАЦИИ ПОЧВ

И.В. Кокунова, А.А. Жуков, Т.Е. Федорова-Семенова 

Интенсификация сельскохозяйственного производства и перерабатыва-
ющих отраслей промышленности, применение мощных тракторов и убороч-
ных комбайнов, увеличение интенсивности автомобильных грузоперевозок 
приводят к увеличению отходов от хозяйственной деятельности и усилению 
антропогенной нагрузки на окружающую природную среду. Возникающие тех-
ногенные аварии еще в большей степени обостряют проблемы устойчивости 
природных экосистем. Опасные вещества, попадая в почву, аккумулируются 
в ней в виде разнообразных токсикантов, что представляет угрозу для всех 
живых организмов. Одним из путей решения актуальных проблем экологиче-
ской безопасности и производства качественной сельскохозяйственной про-
дукции является применение биоремедиационных технологий очистки почв. 
Цель данного исследования – повышение эффективности технологии биоре-
медиации почв путем совершенствования технических средств, используемых 
для аэрации почвенных буртов. Применяемые сегодня аэраторы-смесители 
выполняют ворошение почвы и измельчение крупных почвенных образований, 
насыщая при этом обрабатываемый материал кислородом. Предлагается 
усовершенствовать конструкцию ворошительного барабана полунавесного 
аэратора-смесителя, оснастив его не только новыми рабочими лопастями 
ножевидной формы, но и шнековой навивкой, позволяющей увеличить площадь 
контакта с обрабатываемой массой и формировать бурт заданной формы. 
Распыляемые форсунками биопрепараты и образующаяся после обработки 
мелкая почвенная фракция способствуют увеличению поверхности сопри-
косновения, что также интенсифицирует микробиологические процессы 
окисления токсиканта. На основе проведенных теоретических изысканий 
и многофакторного регрессионного анализа получено уравнение регрессии, 
позволяющее установить зависимость между основными факторами, влияю-
щими в большей степени на процесс аэрации почвенных буртов. Проведенные 
в научных лабораториях университета экспериментальные исследования 
позволили определить рациональные параметры усовершенствованного аэ-
ратора-смесителя буртов.

Ключевые слова: почвенные токсиканты; биоремедиация; органические 
компосты; технология восстановления почв; воспроизводство природных 
ресурсов; аэратор-смеситель буртов
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Introduction
The implementation of plans aimed at (1) solving the most vital tasks 

of ensuring the country’s food security, (2) innovative modernization of the 
agro-industrial complex, and (3) import substitution in various sectors of the 
economy lead to an increase in the volume of products produced and in waste 
from economic activities and an increase in the anthropogenic load on the 
environment. These factors directly impact slowing down the processes of self-
purification and self-healing of the natural ecosystem.

Many Russian and foreign researchers [7; 12; 17; 18] note that recently 
there has been a noticeable destabilization of the terrestrial ecosystem, including 
soil. Therefore, currently, improving the efficiency of technologies for restoring 
polluted soils is an urgent task for science and practice. When deciding on the 
restoration of contaminated soils, one should consider that the currently used 
methods and methods of purification can differ significantly due to the variety 
of possible contamination, territorial and climatic features of the regions.

One of the ways to solve the urgent problem of the sustainability of natural 
and natural-anthropogenic systems is the use of bioremediation technologies 
for soil purification [6; 10]. Bioremediation technology involves using a 
complex of methods for soil purification based on the use of the biochemical 
potential of microorganisms capable of metabolizing a considerable number 
of different organic substances [11; 19]. As a result of the ongoing purification 
processes, there is no formation of secondary waste, which is characteristic of 
other remediation methods of purification. Thus, the main advantage of this 
technology is its safety for the natural environment.

The currently used international classification of bioremediation technologies 
divides them into three enlarged groups:

• Bioremediation ex situ – extraction of contaminated soil, its transfer 
to special sites for disinfection, performing agrotechnical works, and 
returning the restored soil to its former place;

• Bioremediation on situ – carrying out all routine maintenance work with 
the use of biological products-destructors on the spot;

• Bioremediation in situ – cleaning of contaminants located under the 
soil surface, based on the methods of bioventilation, biosparging, or 
biodestruction [9; 11].
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Any equipment used for the aerobic process of bioremediation and 
biocomposting aims to provide the most favorable conditions for the 
microbiological oxidation of the toxicant. If this process is located in a favorable 
environment, the natural processes will take place faster. Therefore, the process 
of bioremediation of contaminated soils should be not only correct but also 
controlled.

The soil cleaned and restored from harmful toxicants can be subsequently 
used to improve urban areas, grow seedlings of various crops on its basis, form 
lawns and flower beds, improve park areas and other areas of activity.

Materials and methods
When bioremediating soils and biocomposting in piles (stacks) with a 

height of 1.0–1.8 m, it is necessary to regularly mix the mixtures’ components 
to saturate the mass with oxygen in the air. This process is carried out by 
special technical means – aerators-mixers, which can additionally be equipped 
with systems for introducing biological additives and water. However, these 
machines do not produce sufficiently high-quality stirring of the compacted 
caked mass, especially at high humidity. They do not always form a pile of the 
required shape.

The paper aims to increase the efficiency of soil bioremediation by improving 
the technical means used for the aeration of soil piles.

The research tasks are:
• To develop technical solutions for improving the semi-suspended aerator-

mixer of piles;
• To conduct experimental studies and obtain analytical dependencies that 

allow justifying the rational parameters of the upgraded machine.
Aerators-mixers are widely used for accelerated composting of various 

types of organic waste. The main structural elements of these machines are (1) 
load-bearing structures made in the form of arches, (2) agitating mechanisms, 
(3) support wheels, (4) systems for introducing liquid components, and (5) 
mechanisms for driving working bodies. The active working body (stirring 
cylinder) is often equipped with a screw or screw winding of various 
configurations [1; 2].

To confirm the theoretical prerequisites for improving the mechanisms of 
the aerator-mixer, substantiate its rational design and technological parameters, 
and conduct experimental research in the scientific laboratory of the department 
“Cars, Tractors and Agricultural Machines” of the Velikiye Luki State 
Agricultural Academy, a laboratory installation was developed.
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We found that the following factors have the most significant influence on 
the process of aeration of the piles: (1) constructive (the number of working 
blades on the stirring cylinder), (2) operation (the rotation frequency of the 
stirring cylinder, and the speed of the machine). The influence of these factors 
on the process of aeration of soil piles was assessed by the density of the mass 
after its turning.

Based on the recommendations of a number of scientists [3] and the analysis 
of the technical characteristics of aerator-mixer piles, we applied the cylinder 
rotation frequency in the range from 300 to 400 min- for the experiment. This 
parameter was varied by changing the engine speed. The speed control was 
carried out using a digital magnetic tachometer. The number of working blades 
on a three meters long agitating cylinder varied in the range from 36 to 60 
pieces. The speed of mass supply to the agitation zone during the experiment 
was changed in the range of 0.15–0.25 km/h by changing the transmission ratio. 
A digital magnetic tachometer controlled it.

Results
In the North-Western region of Russia, a semi-suspended aerator-mixer of 

the TG 301 series is widely used for biocomposting. For the possibility of its 
use in bioremediation of soils and activation of the biodegradation processes of 
the toxicant, we propose to make changes to the design of the agitating drum 
of the aerator-mixer equipping it not only with working blades of a new shape 
but also with a screw winding. This fact allows increasing the contact area with 
the treated mass and forming a pile of the required shape.

The main components of the designed machine (Fig. 1) are the following:
• Hitch mechanism;
• Container for water and biological products-destructors; 
• Hydraulic cylinder for transferring the machine to the working and 

transport position;
• Stirring cylinder 4 with working blades and screw winding;
• Frame of the machine of the arched type; 
• Spraying nozzles placed on the pipes-collectors of distribution systems. 
The working knife-shaped blades are welded to the stirring drum in a spiral 

and the turns of the screw winding.
The developed design of the stirring cylinder provides a large contact area 

of the working body with the processed material. In the operation process, the 
knife-shaped blades enter the soil mass, carrying out its engagement, rupture, 
and shifting. During these manipulations, the clods that have formed are broken. 
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They are crushed, and the mass becomes looser and saturated with oxygen while 
a new volumetric soil pile is formed. The nozzles spray biological products and 
water,contributing to the acceleration of the processes of bio-oxidation of the 
toxicant.

Fig. 1. Structural scheme of the soil aerator-mixer. Note: 1 – hitch mechanism;                      
2 – container; 3 – hydraulic cylinder; 4 – stirring cylinder; 5 – frame; 6 – spraying 

nozzles; 7 – working blade; 8 – screw winding. 

An apron-reflector mounted on the machine frame allows forming a soil pile 
of the required shape. The design of special clips ensures quick removal of the 
reflector if it is necessary to replace it and for the convenience of maintenance 
of mechanisms.

Based on the results of the experimental studies and the statistical analysis 
carried out using a standard software package, we obtained the following 
regression equation. It describes the relationship of the studied factors with the 
output parameter:

ρ = 17.8187 – 0.2072·ω + 3.18738·n– 59.375·V + 0.00023·ω·n +
+ 0.164·ω·V +0.095·n·V + 0.0002795·ω2– 0.0234375·n2– 123.5·V2,   (1)

where ρ – the density of the soil pile after its turning, kg/m3;
ω – stirring cylinder rotation speed, min-1;
n– the number of working knife-shaped blades on the cylinder, pcs;
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V – the machine movement speed, i.e., the speed of arrival of soil mass to 
the stirring mechanism, m/min.

The determination coefficient of the presented regression equation has a high 
value of 0.992. Therefore, we can consider the resulting mathematical model 
relatively good. It explains 97.85% of the changes in the output parameter ρ. 
The model is significant since we can see a statistically significant relationship 
between the variables under consideration.

We studied the joint influence of the factors on the density of the soil mass. 
Thus, we can observe its decrease with an increase in the rotation frequency of 
the stirring drum. The lowest density of the soil after its turning was 630 kg/
m3.It corresponds to the cylinder rotation frequency of 350 min-1, the number of 
working blades of 44 pieces in the range of working speeds from 2.3 to 2.5 m/min.

Discussion
Scientific publications from different countries dealing with topical problems 

of the stability of natural-anthropogenic systems indicate the need to create 
optimal conditions for the active course of microbiological processes of toxicant 
oxidation: (1) creating aerobic conditions, (2) providing available nutrients, 
(3) maintaining the necessary soil moisture and acidity, (4) temperature, and 
other parameters [8; 16]. Thus, the soil piles should be aerated and create the 
necessary moisture in them and introduce nutrients for microorganisms [2].

Many researchers [13; 14; 20] note that providing bioremediation processes 
with oxygen is the most critical factor in their stable course. When there is a lack 
of oxygen, the oxidation processes slow down. The same is observed when the 
ambient temperature decreases, while destructive microorganisms retain their 
viability even at subzero temperatures. With an increase in temperature in soil 
piles, the processes of toxicant oxidation are restored [9; 11].

An essential role in the stable course of bioremediation processes is also 
assigned to moisture in the soil. It is the transport medium through which all the 
nutrition elements and the pollutant itself enter the cell and remove metabolic 
products [2; 4].

In their research, Maria Concetta Tomei and Andrew Daugulis note the 
significant potential of ex situ soil bioremediation technology [20]. However, 
they also point to the fact that there is still a need to improve approaches to their 
implementation and innovations in their technical support.

At high humidity and a high degree of soil contamination, many researchers 
[5; 11; 15] recommend forming soil piles with the simultaneous introduction of 
moisture-retaining materials, such as straw, peat, sawdust, sapropel, organic waste 
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from food and processing industries. In this case, the use of aerators-mixers that 
perform intensive mixing of various components of soil mixtures, destruction of 
large soil formations, and saturation of piles with oxygen is an essential component 
of the qualitative flow of soil bioremediation processes. An important role is also 
given to technical means that ensure the implementation of technological processes 
in accordance with the requirements established by the regulations.

Conclusion
The problem of restoring soil fertility and involving purified soils in the 

production process is among the most essential applied tasks in the field of 
environmental protection and reproduction of natural bioresources that need 
to be solved in the shortest possible time. A special place among the well-
known approaches to eliminating human-made pollutants is occupied by 
bioremediation technologies implemented based on the use of special technical 
means and biological products.

For the high-quality course of the processes of bio-oxidation of toxicants, 
one should maintain the technological regimes established by the relevant 
regulations for carrying out work – to mix soil piles, saturating them with air 
oxygen, moisten the mass and introduce the necessary nutrition elements for 
microorganisms. At high soil humidity and a significant pollution level, we 
recommend adding bulk organic fillers (straw, peat, sawdust, and other waste 
from wood processing enterprises) to the soil piles.

In order to increase the efficiency of bioremediation of soils in piles based on 
the use of a semi-suspended aerator-mixer, we propose to improve the stirring 
cylinder of the machine by equipping it with knife-shaped working blades and 
a screw winding that diverges from the center of the cylinder to the edges. The 
rational parameters of the improved machine arethe cylinder rotation frequency 
of 350 min-1, the number of working blades of 44 pieces, and working speed 
from 2.3 to 2.5 m/min.
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