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ABSTRACT 

Current trends to an increase in the use, production, storage and transportation of petroleum products lead to an 

increase in the number of accident-related spills of oil products. It, in turn, leads to an increase in the volume of pollutants 

entering the environment. Toxic components of oil are transformed into even more toxic compounds, which are 

concentrated and adsorbed in various soil horizons, and are involved in natural feed circuit when it release into the soil. 

Basic soil processes such as mineralization and respiratory activity are slowed down in soil contaminated with 

hydrocarbon. In addition, the processes of nitrogen fixation and nitrification are suppressed, the ability of the soil to self-

purification and self-restoration is reduced, its biological value is reduced, and the flora and fauna of the damaged area are 

depleted as a result of soil contamination with oil products. In this regard, the study, development and testing of 

technologies for the elimination of the consequences of accident-related spills of oil products is an important task of 

environmental safety in the modern conditions of the development of the oil industry. The purpose of this work was to 

create an effective ameliorant for the cleaning of oil-contaminated soils. In the first stage of scientific research it was 

theoretically established that the application of peat-based ameliorants to the soil with the addition of organic fertilizers 

(manure or “Karbamid”) is optimal because it causes a significant decrease in soil phytotoxicity and enhances the process 

of destruction of petroleum hydrocarbons. Experimental studies and approbation of the proposed method of oil products 

spill response were carried out in the second stage of scientific research. It which allowed to afford experimentally proof of 

the effectiveness of the ameliorant using, which is proposed and theoretically justified in the first stage of research. This 

scientific work is supported by the Scholarship of the President of the Russian Federation SP-3455.2019.3. 
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1. INTRODUCTION 

Currently, the volume of production, 

transportation and storage of oil products is constantly 

increasing. It leads to an increase in the number of 

accident-related spills of oil products, and, consequently, 

to an increase in the level of pollution of environmental 

components. This pollution has an intense negative effect 

on the components of the natural environment, which 

usually manifests itself in the appearance of oil films and 

an increase in the concentrations of oil and oil products in 

the soil above permissible values. These consequences 

lead to the degradation and destruction of vegetation 

growing in the contaminated area, as well as to a decrease 

in soil fertility and deterioration of its other properties [1]. 

There is also a negative impact on surface and 

groundwater, due to leaching of pollution and their 

migration into water bodies, located in the immediate 

vicinity of the pollution area. A particularly dangerous 

factor is the possible uncontrolled burning in the territory 

polluted by oil and oil products, as a result of which a 

large list of pollutants is emitted into the atmosphere. 

Oxide and carbon dioxide, hydrogen sulfide, sulfur 

dioxide, nitrogen oxides, carbon black, benzopyrene and 

hydrocarbons are emitted in the largest amounts. The toxic 

components of the oil are transformed into even more 

toxic compounds in the surface horizon of soil, which are 

accumulated and adsorbed by soil particles, and are 

involved in natural feed circuit. These toxic compounds 

can enter the human body as a result of these processes [2, 

3]. Thus, the negative impact on the components of the 

natural environment caused by accident-related spills of 

oil and oil products can lead to degradation of entire 

ecosystems, as well as harm to human health. In addition, 

withdrawal from economic circulation of vast territories of 

land and water resources, which lead to a significant 

environmental and economic damage to the state, is the 

result of oil spills. 

The great bulk of oil and oil products gets into 

the environment during their transportation as a result of 

numerous accidents on oil pipelines. There are more than 

50 thousand cases of breakthroughs in oil pipelines, which 

lead to significant oil spills, in Russian Federation every 

year. Analysis of the frequency of accidents showed that 

mechanical damage and damage from third parties occupy 

a leading position. The second place is occupied by such 

types of damage as corrosion and operational errors. 

Finally the third place is occupied by natural phenomena 

having the lowest frequency of manifestation [4-6]. The 

average number of accidental spills of oil and oil products 

in the Russian Federation reaches a 25 thousand per year 

according to the EMERCOM of Russia, while more than 3 

million tons of oil and oil products are released into the 

environment. Cases of oil and oil products spill occur at 

production facilities throughout the Russian Federation 

[3]. Thus, response systems, methods for localizing and 

eliminating accident-related spills of oil and oil products 

require continuous improvement [7]. 
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Scientists all over the world increasingly 

associate the increase in environmental health problems of 

the population with the increasing presence of 

hydrocarbons in the human environment. In this regard, 

the study and development of technologies to eliminate the 

consequences of accident-related spills of oil and oil 

products is an important task of environmental safety in 

modern conditions of development of the oil industry. 

Oil pollution of land resources has a significant 

negative impact on the components of the environment. 

Oil products cause consequences, which make it 

impossible to use the land for a long time for its intended 

purpose, when released into the environment. 

An increase in the concentration of oil in the soil 

horizon leads to a change in the chemical composition, 

properties and structure of soils. First of all, it affects the 

humus layer, since the amount of carbon in it increases 

many times, and the properties of the soil as a nutrient 

substrate for plants deteriorate. Hydrophobic particles of 

oil limit the intake of moisture to the roots of plants, which 

leads to their physiological changes and suppression of 

their phytocenotic activity. In addition, there is a change in 

redox conditions in the soil horizon, and the migration 

capacity of humic components and a number of trace 

elements increases under the influence of the products of 

transformation of oil and oil products [8-10]. 

Oil and oil products form viscous emulsions with 

a long stay in water bodies. These emulsions located on 

the surface of a water body in the form of a thin oil film, 

that can migrate at a rate twice as high as the water flow 

rate due to wind load [2]. The oil film is able to settle on 

the banks of a water body, coastal and aquatic vegetation, 

and living organisms. Light hydrocarbon compounds 

evaporate from the surface of the oil film and heavy 

fractions of oil fall to the bottom of the water bodies in the 

process of migration. In addition, compounds that are 

carcinogenic and mutagenic may be resistant to 

microbiological cleavage during the transformation of 

petroleum hydrocarbons [11]. 

It is worth noting that the soil has significant 

potential for self-purification and self-recovery, however, 

the self-recovery period of soil and vegetation when 

contaminated with oil and oil products is very long, and 

for ecosystems of high latitudes can reach 15-20 years. 

This fact determines the urgent need for the 

implementation of measures for cleaning and restoration 

of oil-contaminated land. In this regard, the 

implementation of the process of reclamation of oil-

polluted lands in the territories where accident-related oil 

spills occur is of particular relevance. Reclamation can 

reduce the concentration of hydrocarbons in a polluted 

environment in a short time, reduce its toxicity, and also 

restore the disturbed biocenosis [12]. 

In accordance with this, a study of the properties 

and the selection of the optimal ameliorant for oil-

contaminated soils cleaning was the purpose of this work. 

 

2. MATERIALS AND METHODS 
The following basic methods and experiments 

were implemented to achieve the posed purpose: 

a) A comparative description of existing methods of soil 

reclamation and used sorbents, which was carried out in 

accordance with the methodology for the criteria 

assessment of applicability. The main criteria were a 

specific of the application, performance indicators, 

availability and price in the modern market and others. 

The comparative characteristic was carried out on the 

basis of information and reference materials, scientific 

research of domestic and foreign scientists. 

b) A sampling on sites of oil spill from layers with a 

thickness of 0-10 centimeters, determining the level of 

contamination of the samples on the basis of measuring 

the mass fraction of oil products in the soil and analyzing 

the results of the study. Soil sampling was carried out in 

accordance with GOST 17.4.4.02-84 "Environmental 

Protection. Soils. Methods of sampling and sample 

preparation for chemical, bacteriological, 

helminthological analysis". Quantitative analysis of the 

oil content in the soil was carried out using the 

fluorimetric method in accordance with the approved 

methodology PND F 16.1:2.21-98 "Quantitative chemical 

analysis of the soil. Methodology for measuring the mass 

fraction of oil products in soil and soil samples using the 

"Fluorat-02" fluid analyzer" [13]. 

c) The development of a laboratory experiment program, 

including the calculation of the amount of necessary 

material resources and the conduct of laboratory 

experience in accordance with previously obtained data. 

d) Modeling of oil spill, based on data on the maximum 

possible oil spills during its elimination using a non-

woven sorption linen, by it submersion and wringing, and 

estimation of residual concentrations. 

e) Experimental determination of the effect of mineral 

nitrogen and organic fertilizers in the peat ameliorant on 

the intensity of the destruction of petroleum hydrocarbons 

by sampling every 7 days of the experiment and 

determining the level of contamination of the samples. 

Quantitative analysis of the oil content in the soil was 

carried out using the fluorimetric method. The general 

appearance of the plant, the growth rate and damage level 

to perennial plants were monitored. In addition, the 

results of the experiment were recalculated to determine 

the effectiveness of the destruction of petroleum products 

[14]. 

f) Approbation of the method of soil reclamation on the site 

with model pollution for assessing the cost characteristics 

of the method, and assessment of environmental and 

economic indicators of prevented damage. The 
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calculations were carried out for the site with oil pollution 

with an area of 1 hectare in accordance with the 

“Temporary method for determining prevented 

environmental damage”. 

The obtained values, according to the results of 

the experiment, allow us to speak about the effectiveness 

of the proposed solutions from the standpoint of returning 

land resources to circulation, justifying the choice of the 

optimal composition of the soil mixture. 

A series of laboratory experiments included: 

modeling of an accident-related oil spill; spill elimination 

using non-woven sorption fabric; assessment of residual 

concentrations; introduction of soil mixtures of different 

composition based on peat ameliorants and sowing seeds 

of perennial grasses most suitable for biological 

reclaiming depending on their biological properties and 

the level of contamination of the site with oil products and 

monitoring their growth [4]. 

Field tests at the model site included an 

assessment of the cost of site preparation, application of 

soil mixtures and a biological stage of reclamation. The 

following parameters were evaluated during the 

experiments: the general appearance of the plants, growth 

rates and damage level. 

 

 

3. RESULTS AND DISCUSSIONS 
 

3.1 Selection and justification of the most appropriate  

      way of oil spills elimination 

The selection and justification of the most 

appropriate way of oil spill elimination had carried out in 

accordance with the statistical data on the volumes and 

scales of possible oil spills in the event of a breakthrough 

and a puncture in the linear part of the longest sections of 

the main oil pipelines in the Leningrad Region. It was 

found that the greatest distance between the gate valves is 

10-30 kilometers, the possible spill at the breakthrough 

reaches 7200 cubic meters (6000 tons) with the area up to 

15 hectares, and the possible spill at the puncture reaches 

9000 cubic meters (7500 tons) with the area up to 18 

hectares. 

A system for assessing the applicability of 

methods to eliminate the consequences of an accident-

related spill of oil or oil products had developed in 

accordance with the data of possible spills. Important 

criteria and evaluation parameters that must be taken into 

account when choosing a method are presented in Table-1. 

An example of using of the system for assessing the 

applicability of methods to eliminate the consequences of 

an accident-related spill of oil or oil products for 

comparing the most popular methods are presented in 

Table-2 [2]. 
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Table-1. Important criteria and evaluation parameters that must be taken into account when choosing a method. 
 

Criteria Parameters Points 

The maximum thickness of the layer 

of oil or oil products in the 

contaminated area 

20 centimeters or more 3 

1-20 centimeters 2 

Up to 1 centimeter 1 

Residual content 0 

Restrictions on the characteristics of 

the contaminated soil 

No restrictions 3 

Humidity limits 2 

Restrictions on humidity and acidity 1 

Restrictions on humidity, acidity, gas-air 

regime and other parameters 
0 

Preparation and approval of 

additional permits for work 

Not required 3 

Required 0 

Special devices, machines and 

mechanisms, as well as the 

involvement of additional working 

staff 

Not required 3 

Attraction of additional working staff 2 

Special devices, machines and mechanisms 1 

Special devices, machines and mechanisms, 

as well as the involvement of additional 

working staff 

0 

Preservation of a fertile layer of soil 

and vegetation 

Preservation of a fertile layer of soil and 

vegetation 
3 

Preservation of a fertile layer of soil 2 

Destruction of vegetation and topsoil 0 

Temperature limitations 

Does not depend 3 

Wide range (-30˚С - + 40˚С) 2 

Narrow range (-4˚С - + 30˚С) 1 

Extremely narrow range (+ 20˚С - + 27˚С) 0 

Duration of work 
Small (up to 48 hours) 2 

High (several days) 1 

Single or multi-stage work 
One stage 2 

Multistage 1 

The possibility of secondary 

pollution 

Missing 3 

Air pollution 2 

Pollution of the water eco-system 1 

Pollution of the air and aquatic environment 0 

Waste generation 

Not formed 2 

Formed with the possibility of regeneration 

and reuse 
1 

Formed 0 

Return of oil or oil products to the 

transport system 

Full 2 

Partial 1 

Missing 0 
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Table-2. A system for assessing the applicability of methods to eliminate the consequences of 

an accident-related spill of oil or oil products. 
 

Applicability 

criteria 

Methods 

Mechanical Thermal Phytomelioration 

Application of 

destructive 

microorganisms 

Application 

of sorbents 

The maximum 

thickness of the 

layer of oil or oil 

products in the 

contaminated area 

3 2 0 0 1 

Restrictions on 

the characteristics 

of the 

contaminated soil 

3 2 0 0 3 

Preparation and 

approval of 

additional permits 

for work 

3 0 3 3 3 

Special devices, 

machines and 

mechanisms, as 

well as the 

involvement of 

additional 

working staff 

1 3 0 0 2 

Preservation of a 

fertile layer of 

soil and 

vegetation 

0 0 3 3 2 

Temperature 

limitations 
3 3 1 0 2 

Duration of work 2 2 1 1 2 

Single or multi-

stage work 
2 1 1 1 1 

The possibility of 

secondary 

pollution 

3 2 3 3 3 

Waste generation 0 0 2 2 1 

Return of oil or 

oil products to the 

transport system 

1 0 0 0 2 

Total 21 15 14 13 22 

 

It was found that the use of sorbents is the most 

appropriate way of oil spills elimination based on the 

system for assessing the applicability of methods to 

eliminate the consequences of an accident-related spill of 

oil or oil products. 

It is worth noting that the use of sorbents is much 

simpler, unlike other methods of dealing with the 

consequences of an emergency oil spill or petroleum 

product, due to the fact that there are a significant number 

of different types of sorbents and sorbing cloths, mats, 

napkins, tampons and other means of different origin on 

the existing market. The degree of purification in this case 

reaches 97-98%. In addition, the implementation time of 

this method is from several hours to several days, which is 

an indisputable advantage when doing work to eliminate 

the consequences of accident-related spills of oil or oil 

products in pipeline transport sections. It is especially 

important when detecting spills near settlements. 

Despite this, the most frequently used methods 

for dealing with the consequences of accident-related 

spills of oil and oil products are mechanical methods. 

Primarily it is due to the simplicity of their use and low 

cost of this type of work. However, in the case when 

carrying out mechanical methods is impossible, companies 

resort to using the physicochemical method, namely the 

use of sorbents [15, 16]. Unfortunately, biotechnological 
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methods are currently being used on a smaller scale than 

they deserve. Their application should be carried out on 

the basis of natural microbial strains, as well as from the 

climatic conditions of the area where an emergency spill 

of oil or oil product occurred [17]. 

 

3.2 Laboratory experiments to develop an optimal  

      method of rehabilitation 

All conducted experiments were carried out in the 

accredited laboratory of the Environmental Monitoring in 

the Saint-Petersburg Mining University. 4 model areas of 

the soil horizon were created to simulate an accident-

related oil spill. Diesel fuel was selected as a pollutant. 

Volume of oil products is no more than 0.05 cubic meters 

(0.04 tons) per 1 square meter of land resources according 

to the statistical data about the volumes and scales of 

maximum possible accident-related oil spills in the 

Leningrad Region. On this basis, the volume of diesel fuel 

for the model soil pollution was 560 grams for the model 

areas with an area of 0.014 square meters. 

Next stage was the work on the organization of 

model soil pollution elimination with the use of a 

nonwoven sorption material produced by the EKOSORB 

Company, which made from a single layer of 

polypropylene microfiber. The manufacturer stated that 

this type of sorption material will ensure the elimination of 

spills to a low or acceptable level of pollution, according 

to the classification of oil-polluted soil [18]. 

Further, the degree of soil pollution in model 

areas was determined. The degree of pollution was 

determined by the content of oil products in the soil. 

Analysis of the mass content of oil products in samples, 

taken from oil-polluted model areas, was carried out using 

the fluorimetric method. This method is based on oil 

products extraction from the sample with hexane or 

methylene chloride (chloroform), purification of the 

extract by the method of column chromatography, 

followed by measuring the fluorescence intensity of the 

purified extract on a FLUORAT-02 analyzer according to 

the method PND F 16.1: 2.21-98 [19]. 

The results of the analysis showed that the 

content of oil products in model areas after cleaning with 

non-woven sorption cloth varies within from 10 to 22 

grams per kilogram of soil. 

The classification of oil-contaminated lands and 

soils according to the degree of environmental damage in 

the Russian Federation is normalized by the Letter of the 

Ministry of Natural Resources of the Russian Federation 

dated 12.27.1993 №04-25-61-5678 "On the procedure for 

determining the extent of damage from soil pollution by 

chemical substances". All analyzed soil samples have a 

very high degree of contamination in accordance with this 

regulatory document, since the index exceeds 5 grams per 

kilogram of soil. Thereupon it should be said that the non-

woven sorption fabric does not ensure the implementation 

of the elimination of the accident-related spill of oil 

products to the values stated by the manufacturer. Based 

on this, a simulation of the biological stage of reclamation 

works was carried out on model sites with different 

compositions of soil mixtures containing natural sorbents 

and activators of soil activity [20-23]. 

The structure of experimental measures for the 

rehabilitation includes the following stages: the 

preparatory stage (consists of analyzing the samples 

studied, followed by determining the degree of 

contamination, purchasing seed and determining its 

quality), the stage of practical reclamation (technical) - 

ensures the restoration and functioning of the disturbed 

ecosystem, in particular, collecting oil products from the 

surface of the contaminated area; biological - aimed at 

restoring soil formation processes and completing the 

formation of the landscape. The final stage of remediation 

work is monitoring for 2-3 years, which consists in 

monitoring the state of vegetation and soil cover, sowing 

herbs in places of their fallout (on bald spots in sod), and 

also making mineral dressing annually in spring or autumn 

[24]. 

The terms and stages of remediation are 

established in accordance with the level and duration of 

pollution, the soil and climatic conditions of this natural 

area, the landscape-geochemical characteristics of the 

polluted lands and the state of the biocenosis. 

One of the most common methods of cleaning 

oil-polluted land is sorption, by applying a sorption 

material over the contaminated area. It should be noted 

that this method is most effective for use on a solid 

surface. Many of the sorbents are quite effective and have 

a high sorption capacity, but the energy and material costs 

of their production and disposal determine the high cost of 

the product, which often does not meet the requirements of 

consumers [7]. Sorbents from natural organic raw 

materials have become more promising and economically 

more profitable in the manufacture and use recently [17, 

19]. It is burned or subjected to the accelerated 

biodegradation of hydrocarbons by adding to them 

hydrocarbon-oxidizing microorganisms. 

To increase the microbiological destruction of 

petroleum products, taking into account regional 

peculiarities, it is rational to use an environmentally 

friendly ameliorant based on peat, which has good 

sorption properties and is enriched in active hydrocarbon-

oxidizing microflora. The sorption capacity of top and 

bottom peat in relation to oil is respectively 7.5 and 5 

grams of oil per 1 gram of air-dry peat [25, 26]. At the 

same time, the number of active hydrocarbon-oxidizing 

microflora in peat can be 5 times higher than the same 

indicator for soil. In addition, the hydrocarbon-oxidative 

peat community is very diverse in terms of species 

(mesophilic bacilli, actinomycetes and proactinomycetes). 

The introduction of an additional activator to the 

composition of the ameliorant has a positive effect on the 

development of active hydrocarbon-oxidizing microflora, 

which will increase the degree of destruction of petroleum 

products in the soil. The most common activators are 

nitrogen-phosphate fertilizers and manure. The 

introduction of nitrogen-phosphorus fertilizers increases 

the amount of various hydrocarbon-oxidizing microflora 

by approximately 100 times, which ensures a high degree 

of oil destruction in a short time. 
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Manure enriches the soil with nutrients (nitrogen, 

phosphorus, potassium, calcium, magnesium, sulfur, trace 

elements, etc.), increases the concentration of carbon 

dioxide in the soil and subsurface air, reduces the acidity 

of the soil and the mobility of aluminum, and increases the 

saturation of its bases. The content of humus and total 

nitrogen in the soil increases, its structure improves, 

moisture is better absorbed and retained with manure 

systematic introduction. Microbiological processes in the 

soil are enhanced under the influence of the organic matter 

of manure or nitrogen-containing fertilizers. As a result, 

the solubility increases and the availability of mineral 

nutrients to plants [27]. 

A natural sorbent (peat) with the addition of 

nitrogen fertilizers and a natural sorbent (peat) with the 

addition of organic fertilizers (manure) was used at the 

biological stage of the reclamation works in this work. 

Top-sphagnum peat is used in the research as a 

natural sorbent. The main characteristics of this type of 

peat are presented in Table-3. 

Nitrogen fertilizer carbamide is used in the 

experiment as a mineral fertilizer. The main characteristics 

of carbamide are presented in Table-4. The rate of soil 

application is 60 kilograms per hectare [2]. 

 

Table-3. The main characteristics of high-sphagnum peat. 
 

Criteria Measures Value 

Peat type  Top 

Peat view (group)  Sphagnum 

Degree of decomposition % 15-18 

Moisture content % 45-60 

Acidity  2.5 - 3.5 

The average content of organic matter % 97.7 

Ash content % 2.23 - 4.4 

Bulk density 

(dry basis) 
Kilograms per cubic meter 115 

Porosity % 94 

Water capacity 

(dry basis) 
% 659 

Air consumption % 18 

Electrical conductivity Siemens per centimeter 0.032*10
-3
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Table-4. The main characteristics of “Karbamid”. 
 

Technical characteristics Measures Top grade indicators 

Appearance  
White and slightly colored 

granules 

Mass fraction: 

- nitrogen in terms of dry matter, not 

less 
% 46.2 

- biuret, no more % 1.4 

Water content, not more: 

- drying method % 0.3 

- Fisher method % 0.6 

Free ammonia, not less % 0.03 

Granulometric composition, mass fraction of granules with size: 

- from 1 mm to 4 mm, not less % 94 

- from 2 mm to 4 mm, not less % 70 

- less than 1 mm, not more % 3 

- sieve residue 6 mm, not more % absence 

Friability, not less % 100 

Static strength of granules, not less Kilogram-force per pellet 0,7 

Condensing additive: Urea-

formaldehyde resin 
% 0,2-0,5 

 

Four models of biological rehabilitation of oil-

contaminated areas were formed for the experiment. 

Model No. 1. The thickness of oil-contaminated 

soil is 10 centimeters. High-sphagnum peat is mixed with 

oil-contaminated soil to activate the action of oil-oxidizing 

microorganisms in the composition of peat. Fertile 

vegetative soil is applied on the formed soil with a 

thickness of 15 centimeters and sowing seeds of perennial 

grass grasses (grass mixture for hayfields and pastures) 

with a seeding rate of 4-5 grams per square meter is 

carried out. 

Model No. 2. The power of oil-contaminated soil 

is 10 centimeters. A peat ameliorant is created by mixing 

high-sphagnum peat with nitrogen fertilizer (carbamide). 

Nitrogen fertilizer in the composition of the peat 

ameliorant increases the degree of destruction of 

petroleum hydrocarbons. The peat ameliorant is mixed 

with oil-contaminated soil to activate the actions of oil-

oxidizing microorganisms. Fertile vegetative soil is 

applied on the formed soil with a thickness of 15 

centimeters and sowing seeds of perennial grass grasses 

(grass mixture for hayfields and pastures) with a seeding 

rate of 4-5 grams per square meter is carried out. 

Model No. 3. The power of oil-contaminated soil 

is 10 centimeters. A peat ameliorant is created by mixing 

high-sphagnum peat with organic fertilizer (manure). A 

large number of microorganisms in the composition of 

manure increase the degree of destruction of petroleum 

hydrocarbons. The peat ameliorant is mixed with oil-

contaminated soil to activate the actions of oil-oxidizing 

microorganisms. Fertile vegetative soil is applied on the 

formed soil with a thickness of 15 centimeters and sowing 

seeds of perennial grass grasses (grass mixture for 

hayfields and pastures) with a seeding rate of 4-5 grams 

per square meter is carried out. 

Model No. 4 is a control sample. The power of 

oil-polluted soil is 10 centimeters. Fertile vegetative soil is 

applied on the formed soil with a thickness of 15 

centimeters and sowing seeds of perennial grass grasses 

(grass mixture for hayfields and pastures) with a seeding 

rate of 4-5 grams per square meter is carried out. 

A laboratory experiment was performed for 49 

days. The experiment involved sowing seeds of perennial 

plants (grass mixture for hayfields and pastures). The main 

diagnostic indicators were the general appearance of the 

plant and the growth rate and damage. Soil samples were 

taken and the concentration of oil products was 

determined in each model on every control day. Below are 

the results the results of a visual observations of the 

models on every of the control days. 

Week 1. The manifestation of sprouts of 

perennials is observed on the surfaces of all four models. 

The growth rate on the surfaces of models No. 1, No. 2, 

and No. 3 is noticeably higher than on the surface of 

model No. 4. Damage is not observed. 

Week 2. Active plant growth is observed on the 

surfaces of models No. 1, No. 2, and No. 3. Growth 

activity is reduced on the surface of model No. 4. The 

growth rate on the surfaces of the first three models is 

much higher than on the fourth. Damage is not observed. 

Week 3. Active growth of plants continues on the 

surfaces of models No. 1, No. 2 and No. 3. Growth is 
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suspended on the surface of model No. 4. Growth rates 

remained the same. No damage. 

Week 4. Plant growth continues on the surfaces 

of models No. 1, No. 2 and No. 3. Growth inhibition is 

observed on the surface of model No. 4. Inhibition of 

growth is associated with the negative impact of petroleum 

products. The roots begin to lose their turgor and acquire a 

dark color. 

Week 5. Active growth of plants continues on the 

surfaces of models No. 1, No. 2, and No. 3. Growth 

inhibition is observed on the surface of model No. 4. The 

roots on the surface of model No. 4 die off; the damage 

manifests itself on the aboveground organs of plants. The 

growth rate on the surface of model No. 3 exceeds the 

growth rate of plants on the surfaces of other models. 

Week 6. Active growth of plants continues on the 

surface of model No. 3. The growth rate of plants slowed 

down on the surfaces of models No. 1 and No. 2. Strong 

growth inhibition is observed on the surface of model No. 

4, the tissues have lost their shape. Yellowing of the plants 

is observed on the surfaces of models No. 1, No. 2 and No. 

4. 

Week 7. Active plant growth continues on the 

surface of model No. 3. Plant growth has slowed and 

growth inhibition is observed on the surfaces of models 

No. 1 and No. 2, plants turn yellow. Growth arrest and 

plant death is observed on the surface of model No. 4. The 

growth rate of herbs on the surface of model No. 3 

remained unchanged. 

Figure-1 shows photos of model boxes on the 

first, fourth and seventh control weeks. 

 

 
 

Figure-1. Photos of model boxes on the first, fourth and seventh control weeks. 

 

Soil samples were taken weekly in each model 

box throughout the experiment. All samples were 

transferred to the Environmental Monitoring Laboratory 

for analysis on the content of oil products after completion 

of laboratory experiment. The oil products content in each 

sample is presented in Table-5. 

 

Table-5. The oil products content in each sample. 
 

Model 

box 
Units 

Sample Analysis Date 

Oct. 23 Oct. 30 Nov. 6 Nov. 13 Nov. 20 Nov. 27 Dec. 4 

Model 

No. 1 

mg/kg 

7,80 7,1 6,50 6,0 1,20 0,84 0,19 

Model 

No. 2 
16,23 10,0 7,05 5,9 1,90 0,64 0,12 

Model 

No. 3 
17,12 11,5 9,20 5,3 0,82 0,53 0,06 

Model 

No. 4 
12,05 10,6 8,50 8,3 4,10 3,50 1,90 

 

The dependence of the oil products content in 

each experimental box on time was constructed based on 

the obtained experimental data. The dependence is 

presented in Figure-2. The obtained dependence clearly 

shows the dynamics of changes in the content of oil 

products in each model sample. 
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Figure-2. The dependence of the oil products content in each experimental box on time. 

 

In addition, the relative phytomelioration 

efficiency in each experimental sample was calculated as 

the ratio of the oil products content at each stage of 

sampling to the initial content of oil products. The relative 

effectiveness of cleaning the soil from oil by 

phytomelioration is presented in Table-6. 

 

Table-6. The relative effectiveness of cleaning the soil from oil by phytomelioration. 
 

Model 

box 
Units 

Sample Analysis Date 

Oct. 23 Oct. 30 Nov. 6 Nov. 13 Nov. 20 Nov. 27 Dec. 4 

Model 

No. 1 

% 

0 8,97 35,00 40,00 88,00 91,60 98,10 

Model 

No. 2 
0 38,39 29,50 41,00 81,00 93,60 98,80 

Model 

No. 3 
0 32,83 8,00 47,00 91,80 94,70 99,40 

Model 

No. 4 
0 12,03 15,00 17,00 59,00 65,00 81,00 

 

Based on experiment research it can be said that 

the most effective method of cleaning oil-contaminated 

soils from oil products is using a peat-based ameliorant 

with the addition of organic fertilizers (manure) as an 

activator of the processes of microbiological destruction of 

oil products. The efficiency of reducing the concentration 

of oil products in the soil reaches 99.4% in this case. 

However, the options using nitrogen fertilizers, as well as 

using exclusively peat, are not significantly inferior in 

efficiency, and it is 98.8% and 98.1%, respectively. 

 

3.3 Nature trials 

The proposed remediation technology was tested 

on two model sites with an area of 100 square meters in 

2019. The ameliorants from Model No. 2 and Model No. 3 

were tested and the cost of the work was estimated, taking 

into account the procurement and delivery of materials, the 

work of equipment and planting. The prevented 

environmental and economic damage consists of the 

elimination of pollution and the return of land to economic 

circulation. The cost of the work ranged from USD 8000-

9000, while the environmental effect exceeded the costs 

by 2.9 - 3.9 times. As a result of the environmental and 

economic assessment of the proposed measures, the best 

option is to use a peat-based ameliorant with the addition 

of mineral nitrogen fertilizers (“Karbamid”) as an activator 

of the processes of microbiological destruction of oil 

products, the effectiveness of which is of maximum 

importance and the cost are minimal. 

 

4. CONCLUSIONS 

In the course of the research it was found that the 

introduction of peat ameliorant with organic fertilizers into 

the soil caused an increase in the destruction of petroleum 

hydrocarbons and a significant decrease in the 

phytotoxicity of the soil. The introduction of peat and 

manure had a particularly significant positive effect, which 

caused an improvement in the nutritional regime of the 

soil and positively affected the activity of hydrocarbon-

oxidizing microorganisms and the development of plants. 
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The use of peat ameliorant with "Karbamid" is 

not inferior to the above composite peat and manure, and 

provides a high degree of destruction of petroleum 

hydrocarbons. The use of urea in the peat reclamation 

agent promotes a more active course of microbiological 

and enzymatic processes throughout the entire duration of 

the experiment. In this case, a high number of 

hydrocarbon-oxidizing microorganisms were also noted. 

Purification of soil from oil pollution using peat 

reclamation material without the use of an activator allows 

enriching the soil with biologically active substances that 

stimulate the processes of humus formation, which 

contributes to the ecological recovery and rehabilitation of 

degraded soils. However, this option has not as high 

results as the above reclamation agents. 

The direct use of peat reclamation in the 

reclamation of oil-contaminated soils as a sorbent and 

destructor is a profitable and rational way to reduce the 

financial costs of reclamation. As a result, when 

determining the effect and effectiveness of environmental 

protection costs, we used indicators such as the prevented 

environmental damage that exceeded the cost of the work 

more than 3 times. 
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