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Purpose. Determination of the impact of oil pollution at the territory adjacent to the airport on the ecological state of the soil.

Methodology. The authors evaluate the impact of petroleum products on the ecological conditions of the soil at the territory
adjacent to the airport. In particular, it was done experimentally, using the method of biotesting of soil sample data. Also, the com-
ponent composition of chemical soil pollution was analyzed applying chromatographic analysis. Using the method of mathematical
modeling, a two-factor model was built taking into account the factor of “content of oil products (X1)” in the soil and “distance from
the runway (X2)” to describe the impact of air transport processes on the condition of the soil at the territory adjacent to airports.

Findings. Based on the obtained experimental data, the level of soil pollution at the territory adjacent to the airport was deter-
mined. It was established that for two soil samples, taken at a distance of 50 and 500 m from the runway of the airport, the content
of oil products is below the established approximately permissible concentration. For samples taken at distances of 1,000, 1,500
and 2,000 m, an excess was established. The results of the chromatographic analysis of the composition of chemical contamination
of the soil indicated a significant amount of hydrocarbons characteristic of the fuel fractions of oil. The obtained results demon-
strate the dependence of the level of soil contamination with petroleum products on the distance to the runway and the presence
of technogenic influence of this enterprise on the ecological state of the soil, which was confirmed with the results of biotesting of
these soil samples. A two-factor model was built taking into account the factors of “content of petroleum products (X1)” in the soil
and “distance from the runway (X2)” and their influence on soil phytotoxicity. The adequacy of the proposed model is evidenced
by the coefficient of determination R* = 0.9153 for the tested soil samples.

Originality. The results of the experimental studies show that chemical pollution negatively affects the ecological condition of
the soil at the territory adjacent to the airport; has a multi-component composition, and, in addition to hydrocarbons, which are
characterize petroleum products used for refueling and operating vehicles, there are products of decomposition and aging of poly-
mers, components of additives. The dependence of the ecological state of the soil on the technologically loaded territory adjacent
to the airport on the level of petroleum products pollution and on the distance to the airport runway was determined. To find out
the significance of the impact on the level of phytotoxicity of the soil of each of the two factors (the content of petroleum products
and the distance from the runway), a multifactor statistical analysis of the obtained data was carried out and a two-factor model
was built. This made it possible to establish that the contribution of the factor X1 (content of oil products) to the change in the soil
phytotoxicity indicator is significantly greater than the contribution of the factor X2 (distance from the airport).

Practical value. Based on the results of the analysis of the obtained experimental data, a two-factor model is proposed, which
takes into account the factors X1 and X2 and can be used for further studies of the impact of air transport processes on the state of
the soil at the areas near airports.
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Introduction. Soil pollution with petroleum products is a
serious environmental problem all over the world. This is, in
particular, the result of the intensification of man-made activi-
ties in the transport sector, where oil products are used in sig-
nificant quantities every day. The consequence of such an im-
pact on the soil cover is its degradation, change in physical and
chemical characteristics, and a decrease in self-recovery ability,
as a result of which the ability of entire ecosystems to self-re-
covery deteriorates. Among other transport enterprises that
belong to technologically dangerous objects, airports are char-
acterized with a certain peculiarity of impact on all compo-
nents of the environment (atmospheric air, soils and water
bodies). At these enterprises, chemical, physical and biological
impacts on the environment are carried out simultaneously.
According to the authors, in addition to monitoring the state of
the atmospheric air and the noise level, which, mainly due to
the requirements of regulatory documents on environmental
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protection, are considered carefully by ecologists at these en-
terprises, an important component of ensuring an appropriate
level of environmental safety at man-made hazardous facilities,
in particular airports and other enterprises of the aviation in-
dustry, is the control of the condition of the soil in the territo-
ries of these enterprises and in the territories adjacent to them
[1, 2]. In the conditions of our country’s movement towards
the European Union and Ukraine’s ratification of internation-
al rules and standards on environmental safety for aviation en-
terprises, the issue of ensuring control over the environmental
performance of airports and the need to reduce the level of
negative impact on all components of the environment, which
will allow the airport to meet the requirements of the rules on
environmental safety [3] and ensure the sustainable develop-
ment of these enterprises in the aviation industry.

Literature review. In recent years, in Europe and the world
in general, more and more attention has been paid to the emis-
sions of pollutants at airports due to the rapid growth in the use
of air transport and the expected expansion of airport capacity
in the near future [4].
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In particular, the authors of [5] demonstrated a significant
contribution of aircraft take-off and landing operations to the
concentration of ultra-small particles in the immediate vicin-
ity of runways with evidence of the rapid evolution of the
plume in the near field.

However, accurately determining the contribution of avia-
tion to total emissions is a difficult task due to high spatio-tem-
poral variability together with periodic aviation emissions. The
authors’ findings [6] indicate a significant but periodic contri-
bution of the arriving planes to the environment in the com-
munities near the airports.

At the same time, soils on areas near airports are a less dy-
namic system than the atmosphere and hydrosphere, and ac-
cumulate pollutants deposited from atmospheric air. They ac-
cumulate them, experiencing, as a result, a significant man-
made load. Research [7] showed that fluctuations in the level
of groundwater and/or changes in the moisture content of soil
contaminated with petroleum products affect the vertical dis-
persion and redistribution of components of petroleum prod-
ucts in the capillary border, increasing their release into
groundwater and air. And, as a result, an increase in the radius
of the territory of oil pollution around the airport.

Despite the fact that recently the global aviation community
has made many efforts to assess and mitigate the environmental
impact of new airports or reconstruction of existing aviation en-
terprises, these efforts were directed more at the socio-economic
component and improving the quality of atmospheric air, noise
reduction and surface water quality, as reflected in a number of
technical documents and special regulatory acts on environmen-
tal management, in particular ICAO regulatory and technical
documents [3]. But the quality of soils in the territories of air-
ports and in the territories adjacent to them is not given enough
attention, which would correspond to the importance of soil
cover among the functions of the biosphere. As a result of tech-
nogenic activity, the soils in these territories and in the adjacent
territories are subject to chemical pollution not only by pollutants
deposited from the atmospheric air, but also by petroleum prod-
ucts [8], which is caused by the implementation of various tech-
nological operations, in particular: refueling airplanes with fuel
and lubricants, parking of vehicles, maintenance of aircraft and
special vehicles and other equipment, leaks from fuel storage and
distribution sites, fuel tanks, gas stations, warehouses, hangars
and workshops. The cause of soil and groundwater contamina-
tion by aviation fuels on the territory of airports and adjacent ter-
ritories is various types of losses (emergency and/or technologi-
cal) of fuels during technological operations of fuel storage,
transportation and delivery to aircraft refueling.

As a result of emergency and operational losses, hydrocar-
bon fuels of various components pollute the soil.

Different brands of motor gasoline, diesel fuel, and natural
gas are usually used on the territory of airports to ensure the
movement of ground vehicles. Also, to ensure operational reli-
ability of the equipment, various lubricants are used, in particular
oils and greases. The main brands of aviation fuel that can be used
in our country for refueling aircraft are TS-1, RT and Jet A-1.

Aviation fuels consist of more than 98 % of paraffinic,
naphthenic and aromatic hydrocarbons. Also, aviation fuels
include heteroatomic compounds. On average, it is 1—-2 %. In
particular, these are sulfur compounds represented by mercap-
tans, sulfides, thiophenes, and theophanes. Oxygen-contain-
ing compounds include naphthenic acids, phenols, hydro per-
oxides and resinous substances. Alicyclic carboxylic (naph-
thenic) acids predominate among the naphthenic acids in-
cluded in aviation fuels. As for phenols, their content in kero-
sene fractions is insignificant. As for nitrogenous compounds,
homologues of quinoline, pyridine and other nitrogenous
compounds are characteristic for jet fuels.

The most widely used brand of aviation fuel abroad is Jet
A-1 fuel, which, unlike fuels of the TS-1 and RT brands, is
characterized by a heavier fractional composition and a higher
temperature of the beginning of fuel crystallization. In

Ukraine, the analogue of this brand of fuel is Jet A-1 brand
aviation fuel. Aviation fuel is a mixture of hydrocarbons with a
minor inorganic component.

Therefore, taking into account the diverse component
composition, aviation fuel can be a source of components en-
tering the environment (atmospheric air, soil and groundwater)
with different levels of danger to the environment. In addition,
fuel combustion products cause air and soil pollution along the
runways and in the areas adjacent to the airport runway. Taking
into account the fact that in the low-gas mode, the fuel com-
bustion coefficient is approximately 99 % and CnHm and CO
emissions are maximum [7], it is important to study the impact
of aviation fuel combustion products not only on the state of
the atmospheric air, but also on the state of the soils near the
runway and at the areas adjacent to the airport [9].

The results of relevant studies [10, 11] indicate that the
presence of more than 60 different hazardous substances,
some of which belong to carcinogens (benzene, formaldehyde,
benz(a)pyrene and others) can be detected in the zone of di-
rect influence of the airport ).

Because most major airports are located near densely pop-
ulated urban areas, they collectively have a potentially signifi-
cant impact on the environment and the health of the people
living near them. For example [12], 150 airports in the USA
are located at areas identified as not meeting one or more air
pollutant criteria. Therefore, when developing effective strate-
gies to reduce the negative impact of airport activities on the
environment, it is important to take into account all aspects
related to the entire “airport system”, which contains a signifi-
cant number of various sources of chemical pollution of the
environment. However, current information is lacking on
many aspects of this pollutant source, including detailed hy-
drocarbon specification, particle physicochemical characteris-
tics, volatile and solid emissions, and especially secondary
transformations aircraft exhaust gaseous and other airport-re-
lated emissions [12].

Airports are significant sources of emissions and the im-
pact of these emissions on humans and, taking into account
the increase in the intensity of air transport processes, are a
growing problem for people’s health and an increase in the
level of environmental hazards of the areas where they are lo-
cated. However, collecting data on the impact of airport op-
erations on the health of staff and people living nearby is quite
difficult. After all, commercial airports are large, complex en-
terprises with a large number of personnel, where aircraft,
ground support equipment and related vehicles cause emis-
sions of various intensity and nature [13].

Consequently, concerns about the human health effects of
engine emissions have prompted a large number of studies
over the past twenty years [12]. The attention of specialists
who carried out these studies was primarily focused on tradi-
tional sources of environmental pollution such as transport,
for example. The result of these studies was that the emissions
of pollutants by land transport in Europe are clearly controlled
and regulated by relevant regulatory and technical documents.
Conversely, until recently, little research has been specifically
aimed at measuring direct emissions from aircraft or their po-
tential impact on people living in areas adjacent to airports. As
a result, there are a number of gaps in our understanding of
these emissions, their behavior in the atmosphere, and their
potential impact on the health of people living near the airport
and on other components of the environment. In particular,
the impact of aircraft engine emissions on the condition of the
soil in the territories around the airport [12]. As we can see,
aviation emissions can significantly affect air quality near air-
ports and in their surroundings [ 14]. And settling from the air,
chemical pollutants formed as a result of incomplete combus-
tion of fuel, in particular hydrocarbons, settle on the surface of
the soil, worsening its ecological condition.

Aviation activities are closely associated with elevated lev-
els of many chemical pollutants in the air and other environ-
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mental components. This is evidenced with the results of
monitoring field studies of the concentration of pollutants in
the air in the environment on the territory of the airport and at
the surrounding areas. But near the airport, as a rule, there are
many different types of sources that emit similar fuel combus-
tion products, including local traffic caused by the presence of
the airport, and this makes it difficult to accurately determine
the sources of environmental pollution as a result of air trans-
port processes [15].

Therefore, it is quite difficult to establish exactly what are
the sources of emissions of pollutants in the territory located
near the airport, within the limits of the take-off and landing
cycle of the aircraft, and it is important to constantly monitor
the ecological state of the components of the environment, in
particular the soil, as in the territory of the airport, as well as in
the territory adjacent to it. After all, the nature of chemical
pollution of the environment in the territories near airports is
quite dynamic. And it is important to carry out a study of the
state of the environment specifically for each airport, taking
into account the location near additional sources of chemical
pollution of the environment.

Therefore, the activity of airports is not only accompanied
with an impact on the state of the environment, but also indi-
rectly manifests itself in the form of negative effects on human
health. Other disease-causing effects of the carcinogens listed
above are possible, including respiratory tract and skin dis-
eases, kidney and liver dysfunction, heart, mental and nervous
disorders. Analysis of statistical data on the hospitalization of
people living in the immediate vicinity of airports showed an
increase by 57 % in cases of asthma, 28 % in pneumonia or
influenza, 26 % in upper respiratory tract diseases, 83 % in
pregnancy complications, 50 % higher than the regional aver-
age. And the mortality rate for settlements located near air-
ports for all causes of death: 57 % higher, mortality from heart
disease, 36 % higher mortality from cancer, and the value of
the average life expectancy is 70.4 % in contrast to the estab-
lished norm, at the age of 76 [7].

The toxic effect of a substance, as is known [16], depends
on the ways of its entry into the human body. The ways in
which chemicals enter the human body, in particular the com-
ponents of aviation fuel, are primarily determined by the com-
ponents of the environment where the polluting substance is
located, then by their physical and chemical properties, the
nature of the substance’s impact, and other circumstances.

In the territory chosen by us for the research near the air-
port, biotic and abiotic elements of the biosphere are affected:

- atmospheric air pollution by stationary and mobile
sources, as a result of emissions of exhaust gases from vehicles,
evaporation of chemicals (in particular, hydrocarbon fuels)
and the operation of thermal power plants;

- changes in the state of surface waters, which leads to dis-
ruption of self-cleaning processes;

- qualitative and quantitative depletion of water resources,
as well as groundwater pollution;

- reduction of biodiversity;

- soil pollution as a result of spills of oil products and other
chemical substances and the deposition of pollutants from at-
mospheric air, which leads to changes in physical and chemical
properties, changes in fertility, disruption of the soil structure
and other negative changes that affect its ability to self-renew.

Taking into account the volatility of the main fuel compo-
nents and fuel combustion products, the main route of entry
into the human body is inhalation, as well as penetration
through the skin. At the same time, the quality of wastewater
from the Thor Sikorsky Kyiv (Zhuliany) International Airport,
surface waters of the Nyvka River, and groundwater, which is
the source of water supply for wells in the areas adjacent to the
airport, showed [3] that they can be a source of exposure to the
body of human petroleum products and other chemical pollut-
ants. Although aviation kerosene is not included in the official
list of WHO carcinogens [17, 18], some of its components have

a carcinogenic effect. Therefore, the task of determining the
level of influence of oil pollution on the ecological condition of
the soil in the territory near the airport (within 2 km) is urgent.

Purpose. In order to determine the level of environmental
safety of the soils in the area near Kyiv Airport based on the
indicator of “content of petroleum products in the composi-
tion of the soil”, we took soil samples at different distances
from the runway and determined the content of petroleum
products in them.

The purpose of the work was to determine the impact of
pollution by photoproducts on the ecological state of the soil
in the territory adjacent to the airport.

To achieve the goal, the following tasks were solved:

1) the state of the problem of chemical soil pollution as a
result of air transport processes is analyzed;

2) soil samples were taken at different distances from the
runway of the Ihor Sikorsky Kyiv (Zhuliany) International Air-
port in the area of the runway and, for comparison, in the area
located in the non-technogenically loaded territory (park zone);

3) the concentration of petroleum products in the selected
soil samples was determined;

4) analysis of the component composition of the re-dis-
solved residue, after determining the mass fraction of the oil
product in the sample of the soil using chromatographic anal-
ysis according to the standard method;

5) the level of phytotoxicity of the soil selected in the terri-
tory adjacent to the airport using the biotesting method was
determined,;

6) using the method of mathematical modeling, a two-fac-
tor model was built, taking into account the factor of the con-
tent of petroleum products (X1) in the soil and the distance
from the runway (X2) to describe the impact of air transport
processes on the condition of the soil in the area near airports.

For the study, we chose a zone of ecotoxicity — chemical
pollution with a traditionally permanent negative impact on
the environment as a result of anthropogenic activity, namely,
an technogenically loaded territory near the airport. The eco-
logical situation in this technogenically loaded territory leads
to the formation of chronic diseases in people, as noted earlier.
However, today the main attention of environmental special-
ists from the aviation industry is paid to the impact on the at-
mosphere and water bodies. At the same time, in our opinion,
the appropriate level of attention is not paid to such an impor-
tant component of the environment, which is a natural barrier
between the atmosphere and groundwater, such as soils.
Therefore, it is important to assess the ecological state of the
soil in this area near the airport and build a two-factor model
taking into account the factor of the content of petroleum
products (X1) in the soil and the distance from the runway
(X2) to describe the impact of air transport processes on the
state of the soil on territories near airports.

Methods. Control of the level of soil pollution in the area
of operation of the airport was carried out taking into account
the relief of the area, meteorological conditions and special
characteristics of the area [19]. During sampling, two sites
were identified for research. One of them is experimental,
which is located in the zone of influence of air transport pro-
cesses, and the other is the control one, which is located in an
artificially non-invaded territory. The soil samples taken at the
control site had the same natural composition as the test sam-
ple. Soil samples were taken according to the standard method
[20] using the “envelope” method with a site size of 5 x 5 m at
a distance of 50, 500, 100, 1,500 and 2,000 m from the airport
territory, after which a combined sample was formed for fur-
ther determination of the content of oil products.

Combined samples, for further research, were formed by
mixing five point samples taken from one site [21]. Then the
samples were numbered and sent to the laboratory to deter-
mine the content of oil products. In general, 6 soil samples
were formed, taken at a distance of 50 m (sample No. 2),
500 m (sample No. 3), 1,000 m (sample No. 4), 1,500 m (sam-
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ple No. 5) and 2,000 m (sample No. 6), from the runway the
control sample (sample No. 1), taken in a parking area, where
there are no ecologically hazardous enterprises nearby, and
the soil is considered conditionally clean.

The content of oil products in the selected soil samples was
determined by the gravimetric method according to standard
No. 081/12-0116-03 “Soils. Methodology for measuring the
mass fraction of oil products by the gravimetric method” [21].
This research method consists of the following stages: extraction
of organic substances from soil samples (prepared accordingly
from selected soil samples); dissolution of the residue, after
evaporation of chloroform, in hexane; then separation of polar
compounds on a column with a sorbent (aluminum oxide); re-
moval of hexane by weathering; measurement of the mass of the
residue in the flask after the evaporation of hexane; calculation
of the mass fraction of the oil product. The results of the study of
the content of petroleum products in the soil depending on the
distance from the airstrip are presented in Table 1.

In addition, the re-dissolved residue was analyzed after deter-
mining the mass fraction of the oil product in the sample of the
soil using chromatographic analysis according to the standard
method. It was carried out using an HP 5890 Series II chromato-
graph with a DB-5MS capillary column (made in the USA).

The phytotoxicity of the soil was determined using the
growth test according to the method by A. Horova [22, 23].
Watercress Lepidium sativum variety “Azhur” was used as a
test plant. The weight of the soil was 1 g and 20 pieces of seeds
were distributed evenly on the surface of the Petri dish, then
7 ml of settled boiled tap water was poured. Lettuce seeds were
germinated at a temperature of 23—24 °C. 96 hours after the
start of germination, the length of the ground and root parts of
watercress seedlings was measured. As is known, the applica-
tion of biotesting using plant test systems makes it possible to
determine the level of soil toxicity due to the effect on plant
growth parameters, in particular [2]. The phytotoxic effect
(Ypup, %) was calculated according to the formula

L=Ly 1009 (1)

Yoy =
0

Results. So, for the study, a soil sample was used on the ter-
ritory within 2 km, adjacent to the International Airport “Kyiv”
located at a distance of 8 km from the center of the city of Kyiv.
The choice of the object for research is justified by the fact that,
taking into account the location of the airport within the city
limits, there is no possibility of compliance with regulatory re-
quirements regarding the size of the sanitary protection zone,
which confirms the importance of determining the ecological
condition of the soils in the territory adjacent to the Kyiv airport.
The structure of this airport includes buildings of the main
and auxiliary purpose (airfield, passenger and cargo service fa-
cilities, aviation and technical base, air traffic control facilities,
facilities of the fuel and lubricant service (F&L service) of the

airport), as well as transport routes [24, 25].

Table 1
The content of oil products in the analyzed soil samples

The main sources of soil pollution with petroleum prod-
ucts on the territory of the airport include F&L service service
facilities, surface drains, places of technological operations for
refueling vehicles, and the aviation and technical base.

Analyzing the obtained results (Table 1), we can conclude
that for two soil samples taken at a distance of 500 m and the
control sample, the content of oil products is below the estab-
lished limit of 0.2 g/kg [17] and is equal to the approximately
permissible concentration for the sample taken at a distance of
50 m from the runway.

For samples taken at distances of 1,000, 1,500 and 2,000 m
from the airport, the limit value of petroleum products in the
soil was exceeded. The soil sample taken at a distance of 1,000 m
is characterized by the highest level of contamination. The soil
samples, respectively, taken at the control site, are characterized
with practically no contamination with oil products.

It is known that a feature of chemical pollution of soils in
technogenically loaded territories is their multicomponent na-
ture [22].

The results of the chromatographic analysis of the compo-
nent composition of the organic part, which was isolated from
the selected soil samples using the gravimetric method, indi-
cate the presence of hydrocarbons, which are characteristic of
aviation fuels.

The compounds identified in all samples can be condition-
ally divided into several groups of hydrocarbons:

- alkanes C10—C22;

- arenes (benzene, ethylbenzene, trimethylbenzene, naph-
thaline);

- carboxylic acids;

- fatty acid esters;

- esters of carboxylic acids.

The obtained data demonstrate that, as a rule, chemical
pollution of soils in technogenically loaded territories has a
multicomponent composition. And, as we can observe in our
case, in the territory near the airport, in addition to hydrocar-
bons included in the composition of fuels, there are products
of decomposition and aging of polymers, components of addi-
tives. It is important to note that toxic substances, in particular
benzene, are present among the identified pollutants. There-
fore, we used both physico-chemical research methods and
biological research methods to study the ecological state of the
soil. The next stage of our research was the determination of
the ecological state of the soil and the calculation of the phy-
totoxicity of YFe from the data of soil samples, followed by
statistical processing of the obtained experimental data.

‘We chose the following signs as factor indicators of chang-
es in soil phytotoxicity:

X1 — the content of oil products in the soil, mg/kg;

X2 — distance from the runway, m.

The results of the study of the impact of air transport pro-
cesses on the level of soil phytotoxicity are presented in Table 2.

The preliminary analysis of the obtained data shows that
the indicator of soil phytotoxicity is most closely related to the
first factor (oil content) and less closely related to the second
factor (distance from the airport). Corresponding paired de-
pendencies can be represented by us in the form of paired lin-
ear regressions (Figs. 2—3).

Content of petroleum products, mg/kg
i from ;
aeamonm | "o Coa | s
me/ke % Initial data of the level of soil toxicity
50 200 £ 3.6 200 No. Ypue % X1 X2
500 150 £ 2.8 150 1 5 200 50
1,000 1,640 £ 4.8 1,640 2 7 150 500
1,500 500 £3.2 500 3 35 1,640 1,000
2,000 300£2.5 300 4 0.7 500 1,500
Control sample 100 + 3.0 - 5 3.9 300 2,000
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Pairwise regression of Y on X1
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Fig. 1. Modeling the dependence of the phytotoxicity indicator
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Fig. 3. Modeling the dependence of the phytotoxicity indicator
of the tested soil samples on the distance to the airfield of the
airport

Further, in order to compare and clarify the significance of
the influence on the level of soil phytotoxicity of each of the
factors, we conducted a multivariate statistical analysis of the
obtained data (Table 3).

Table 3 uses the following designations: Y — experimen-
tally determined indicators of soil phytotoxicity; ¥Yp — indica-
tors of phytotoxicity, calculated according to the multiple
model built by us; » — paired linear index of correlation with
the corresponding factors and indicator; R — coefficient of
multiple correlation; b0 is the free term of the multiple regres-
sion equation; bl and b2 are coefficients of the multiple re-
gression equation for factors X1 and X2, respectively.

From the results of the analysis of the obtained results of
experimental data processing, it follows that the obtained two-
factor model, taking into account the factors X1 and X2, is
quite acceptable for conducting further studies of the impact
of air transport processes on the condition of the soil in the
territory near airports (Figs. 1—2). This model is presented in
the form of the following equation

Table 3
Results of calculations of coefficients of two-factor multiple

regression
Initial Date Two-factor model X1, X2

X1 X2 Yo b0 bl b2 Y,
200 50 5 247 | 0.02 | -0.004 6.6
150 500 7 4.0
1,640 | 1,000 35 34
500 1,500 0.7 7.0
300 2,000 39 0.6
r 5
v

a | % 2
K 2 I
S = <

Y=2.47 +0.02X1 - 0.004X2. 2)

The coefficient of determination testifies to the adequacy
of the proposed model R? = 0.9153 for the investigated soil
samples.

The significance of the coefficient of determination R* was
determined using Fisher’s test. For the obtained results, F =
= 10.81. The critical value of the F criterion for the 95 % con-
fidence level is 10.23. So, with 95 % reliability, it can be stated
that the obtained coefficient of multiple determination is sta-
tistically significant and the factors chosen by us describe the
variation of the phytotoxicity index of the soil adequately 3 .

Therefore, analyzing the obtained data, we can conclude
that the contribution of the X1 factor to the change in the soil
phytotoxicity indicator is significantly greater than the contri-
bution of the X2 indicator.

It is known [17] that under certain conditions and level of
pollution, soils have mechanisms of self-cleansing from oil
products for a certain period of time and appropriate favor-
able conditions, which contributes to the restoration of the
ecological state of the soil contaminated by oil products.
However, the fact that oil products are a multi-component
mixture whose components have different rates of biodegra-
dation after entering the environment, particularly the soil, is
also important. For example, C10—C22 alkanes are not easily
biodegradable in soil and water. In the soil samples taken by
us in the area near the airport, the total content of alkanes
increases depending on the distance to the runway from 10 to
28 %. The content of arenes in all samples ranges from 3 to
5%. The speed and depth of biodegradation of petroleum
products depend on their hydrocarbon composition. Hydro-
carbons with a linear structure of molecules break down faster
than their branched isomers. Alkanes are often less biostable
than arenes. The amount of esters of fatty and carboxylic acids
decreases in samples taken at a greater distance from the run-
way. This can be explained by the fact that on the surface of
the soil, esters of fatty and carboxylic acids undergo decom-
position processes, quickly enough (up to 3 months), are pro-
cessed by microorganisms and disappear [26] and that more
intensive pollution by chemical substances occurs at distances
smaller than runway.

Therefore, it is important to carry out constant monitoring
of the ecological state of the soil in the territory adjacent to the
airport, using both physic-chemical and biological methods of
research, in order to respond in a timely manner to critical vio-
lations of the ecological state of the soil, in which the soil on
the technogenically loaded the area near the airport may lose
its ability to self-heal. Monitoring of the ecological state of the
soil should involve taking soil samples on the territory of the
airport (and within a radius of 2 km near the territory of the
airport) with a set frequency and at a set distance from the
specified main sources of soil contamination with oil products.
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This should be followed with further determination of the lev-
el of phytotoxicity of the selected soil samples using biotesting
methods. And, in the case of establishing a high level of soil
phytotoxicity in these territories, determining the content of
petroleum products using physical and chemical methods. To-
day, there is no regulated system for monitoring the condition
of the soil on the territory of the airports and in the adjacent
territories.

Conclusions. As a result of the analysis of the state of the
problem of chemical soil pollution caused the air transport
processes the main sources of soil pollution of the territory
adjacent to the airport were determined with oil products
and the level of influence of oil products on the ecological
state of the soil. As a result of experimental studies using
physico-chemical methods of analysis, it was established
that for two soil samples, taken at a distance of 50 and 500
m, the content of petroleum products is below the estab-
lished maximum limit at the level of 0.2 g/kg. For samples
taken at distances of 1,000; 1,500 and 2,000 m, an exceed-
ance of the approximately permissible concentration value
of petroleum products in the soil was established. The re-
sults of the chromatographic analysis of the composition of
chemical contamination of the soil indicated a significant
amount of hydrocarbons, characteristic of the fuel fractions
of oil. The presence of chemical contamination of the soil
was also confirmed by the results of biotesting of the selected
soil samples. This is probably due to the proximity of the
aircraft glide zone — a technologically dangerous zone, as
well as the increase in the intensity of aviation transport pro-
cesses at this airport after reconstruction and a significant
increase in the number of flights in the period 2012—2021.
Based on the obtained results of experimental studies using
the method of mathematical modeling, a two-factor model
was built, taking into account the factor of the content of
petroleum products (X1) in the soil and the distance from
the runway (X2), which can be used in the future to describe
the impact of air transport processes on the condition of the
soil in the territory near airports in studies of the impact of
the activities of these enterprises on the ecological condition
of the soil.
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Merta. BusHaueHHSI BIUIMBY 3a0pymHEHHSI HadTOIPO-
IyKTaMU Ha TEPUTOPil, MPUJIETiil 10 aeporopTy, Ha eKOJO-
TIYHUI CTaH IPYHTY.

MeToauka. ABTOpU 311iiICHIOIOTH OLIIHKY BIUIMBY Ha(TO-
MPOYKTIiB HA €KOJIOTIYHUI CTaH TPYHTY Ha TEPUTOPIi, TIpU-
JIeTTiit 1o aeporopTy. 30Kpema, eKCIepuMeHTaIbHO, i3 BU-
KOPUCTAaHHSIM METOANKM 06i0TeCTYBaHHSI TaHUX TIPOO TPYHTY.
Takox, TpoaHali3oBaHO KOMIIOHEHTHMI CKJIaJ XiMiuHOTO
3a0pyIHEHHSI ITPYHTY 3 BUKOPUCTAaHHSIM XpoMaTorpadiuHoro
aHautizy. I3 3acTocyBaHHSIM MeETOMYy MaTeMaTUYHOTO Moje-
JIIOBaHHS TOOYI0BaHAa NBO(AKTOPHA MOJEIb 3 ypaxyBaHHSIM
dbakTopy «BMicT HadTONpomyKTiB (X1)» y IPYHTI Ta «BicTaHb
Bin 3;miTHO-TIocankoBoi cmyru (3I1C) (X2)» mist onucy BIUTH-
BY aBiaTpaHCMOPTHMX MPOLIECIiB HA CTaH I'PYHTY Ha TEPUTOPIi
o013y aepoIopTiB.

PesyabTaTin. Ha ocHOBi oTpuMaHMX eKCepUMEHTATbHUX
JIAaHWX BU3HAYEHO PiBeHb 3a0PYyIHEHHS IPYHTY HAa TEPUTOPIi,
npujeriiii no aeponopty. BctaHoBieHO, 110 U1 1BOX MpoO
IPYHTY, BiniOpanux Ha BincTtani 50 Ta 500 M Bix 37iTHO-TIOCAI -
KOBOI CMYTM aeporopTy, BMICT HaTONPOAYKTiB HIXKYE BCTa-
HOBJIEHOI Opi€EHTOBHO-IOMyCTUMOi KoHIeHTpauii (O1K).
s mpo0 BiniopaHux Ha BigctaHsx 1000, 1500 Ta 2000 m BcTa-
HOBJIEHe TmepeBulleHHs. Pe3ynsratn xpomarorpadidyHoro
aHaJTizy CKJIaay XiMiYHOTO 3a0pYyIHEHHSI I'PYHTIB BKa3ajId Ha
3HAYHY KiJIbKiCTh BYIJIEBOJHIB, XapaKTEPHUX UIS TMATUBHUX

(pakuiii Hadbtu. OTpUMaHi pe3yibTaT JIEMOHCTPYIOTH 3a-
JIEXHICTb piBHS 3a0pYIHEHHS IPYHTIB HA(TOMPOIYKTAMMU Bijl
BiZICT@Hi J10 3J1iTHO-I10CAJIKOBOI CMYTU I HAsSIBHICTb TEXHOTE€H-
HOro BIUIMBY JIAHOTO ITiANPUEMCTBA HA €KOJIOTIYHMI CTaH
[PYHTIB, 1O MiATBEPAUIN PE3YJbTaTU 0I0TECTYBaHHS JaHUX
po6 rpyHTy. [ToOynoBaHa aBogakTOpHa MOJEIb 3 ypaxyBaH-
HsIM (bakTopy «BMicT HapTonpoayKTiB (X1)» y IpyHTI i «Bil-
CTaHb Bil 3JIITHO-MOCAAKOBOI cMyru (X2)» Ta iX BIUIMBY Ha
(itoTokcnuHicTh IpyHTY. [1po anekBaTHICTh 3aITPONIOHOBAHOL
MoJieli CBiTYnTh KoedilieHT aetepmiHarii R? =0,9153 a1 no-
CJKYBaHUX MPOO IPYHTY.

HaykoBa HoBM3HA. Pe3ynbTati eKcrnepuMeHTaIbHUX 10-
CJTKEHb TOKa3yloTh, 1110 XiMiUHE 3a0pyIHEHHSI HETaTUBHO
BIUIMBA€E Ha €KOJIOTIUHWM CTaH I'PYHTY Ha TEPUTOPIi, Mpuiie-
[JIill 10 aepornopTy; Ma€e 0AraTOKOMIIOHEHTHUI CKJIaj, a Ta-
KOX, KpiM BYIJIEBOJHIB, XapaKTePHUX UIsI HA(PTOIPOIYKTIB,
110 BUKOPHMCTOBYIOTHCSI JUISI 3alpaBIeHHsST Ta eKCITTyaTallil
TPAHCITIOPTHUX 3aCO0IB, MPUCYTHI MPOIYKTU PO3KJIAAaHHS Ta
CTapiHH4 MOJiMepiB, KOMIIOHEHTHU NpuUcaaoK. BusHauyeHa 3a-
JIEXHICTh €KOJIOTiYHOTO CTaHy IPYHTY Ha TEXHOT€HHO HaBaH-
TaXXeHOI TepUTOPIi, MPUJIEIIiil 10 aepornopry, Bil piBHA 3a-
OpyaHeHHs HadTonpoaykTamu Ta Bij BigctaHi go 3I1C aepo-
nopty. i 3’9cyBaHHS CYTTEBOCTI BIUIMBY Ha PiBeHb (iTO-
TOKCUYHOCTI IPYHTY KOXHOTO i3 ABOX (DakTOpiB (BMICT Ha-
(TonponykTiB i BiICTaHb BiJ 3J1iTHO-MOCAAKOBOI CMYTH) MPO-
BelleHO 0araTo(hakTOPHMI CTATUCTUYHUI aHaJli3 OTPUMaHUX
JlaHUX i ModynoBaHa nBodakTopHa Mojesb. Lle nano Mmoxiu-
BiCTb BCTAHOBMTH, 1110 BHECOK hakTopa X1 (BMicT HapTONpo-
NyKTiB) 10 3MiHU MOKa3HUKA (PITOTOKCUYHOCTI IPYHTY 3Ha-
YHO Oi/IbILINIA 32 BHECOK MoKa3HuKa X2 (BinctaHb Bin 3I1C).

IIpakTiyHa 3Ha4UMIicTh. 32 pe3yibTaTaMu aHali3y OTpU-
MaHMX EKCTIepUMEHTAJIbHUX NaHUX, 3alpONOHOBAaHA IBO-
(akTopHa Monesb, 1110 BpaxoBye (akropu X1 Ta X2 ta MOoxe
OyTH 3aCTOCOBaHa JUISl MOJAIBIIMX OCiIKEHb BIUIMBY aBia-
TPAHCTIOPTHUX MPOIIECIB HA CTaH IPYHTY TEPUTOPIil TTOOTN3Y
aepoIIopTiB.

KimouoBi ciioBa: nagpmonpodyxmu, rpynm, Ximiune 3a6pyo-
HeHHs1, eK0A02IMHULL CaH, eKon02iuHa 6e3neka, aeponopm
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