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Abstract

The analysis of ecological hazards on soil pollution by oil products has been provided in the impact zone of the railway.
The results of oil product migration in soils in the area of influence on section Lviv—Khodoriv are given. To study this
problem, a method was used to take soil samples according to the standard DSTU ISO 10381-4: 2005. To determine the
content of petroleum products used the method MVV No. 081/12-0116-03 Pochvy. Based on the results of the study it was
found that contamination with petroleum products in the study area exceeds the norm in the area of influence of the railway
at a distance of 5 to —-50 m on average 3.5 times. It is proposed to make management decisions to prevent violations of the
sanitary protection zone of the railway and the placement of agricultural plots on it. For rehabilitation of contaminated soils,
it is advisable to use a natural sorbent — glauconite, which is widespread in the bowels of Ukraine. The adsorption capacity
of glauconite relative to diesel fuel has been experimentally established. According to our experiments it is proved the high
efficiency of the proposed sorbent, which is 90%. Therefore, in the future it is necessary to periodically monitor the condition

of the soil in the area to prevent pollution. This study proves that this practice is necessary.
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INTRODUCTION

The results of anthropogenic activity are increasingly
influencing the deterioration of the ecological situation on
the planet. Contamination of the hydrosphere with nitrogen
and phosphorus compounds in municipal drains has led to
the rapid development of blue-green algae [SAKALOVA et al.
2019], which have become a significant environmental
threat to many countries [MALOVANYY et al. 2016;
NYKYFOROV et al. 2016]. The lack of an efficient solid
waste management system in several stilcountries (includ-
ing Ukraine) has caused leachate pollution of groundwater
and surface water [MALOVANYY et al. 2018; 2019]. Pollu-
tion of surface waters and soils with petroleum products has
become significant [ZELENKO et al. 2019]. Various modes
of transport, including railways, remain a powerful polluter
of oil products from soils and surface waters in the area of
their influence.

Ukraine has one of the most developed railway net-
works in the Europe. The relief of Ukraine is quite favoura-
ble for the construction of railways. Since only 4% of the
territory is under mountain massifs, the rest is flat, the south-
ern and central parts of Ukraine are particularly beneficial.
Construction of the railway in Ukraine began at the end of
the 19" century. In the 1860s, the first railway was built, and
the second in 1865, the Odessa—Balta section [GRINCHISHIN
2015].

The state of the environment is affected by rail transport
as a large consumer of fuel, forest, and land resources, as
well as mineral and construction materials. Although com-
pared to other types of transport (especially road), rail
transport causes less environmental damage [HRYHORCHUK
2018].

Like other modes of transport, the railway has been and
remains a potential source of danger — accidents and other
emergencies. Besides, man-caused danger during the
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operation of railway transport arises not only as a result of
accidents but also in the process of its operation in normal
mode. The condition of railway technical facilities in
Ukraine has significantly deteriorated in recent years and
does not guarantee a fully safe operation. This fact poses
a threat directly to people involved in transportation and the
environment [SISA et al. 2017]. The influence of the mode
of operation of railway transport on the condition of the soils
adjacent to the track is one of the determining factors of the
ecological safety of these territories. While other harmful
factors of railway traffic, such as noise or vibration, are to
some extent regulated by regulations, oil pollution of the
soils adjacent to the railway is almost not covered by state
or departmental regulation.

In recent decades, due to the rapid development of
transport, in particular rail, there has been a significant in-
crease in the concentration of various pollutants in the soil,
among which emit heavy metals and petroleum products.
A special place among the pollutants of the soil cover be-
longs to petroleum products. This term refers to different
types of mixtures of saturated hydrocarbons with a certain
range of boiling points (fractions), which are obtained by
distillation of oil and are usually used as fuels and lubricants
[CHAYKA et al. 2016].

Petroleum products — environmentally hazardous sub-
stances that get into the components of the environment
(soil, water), significantly affect all life processes that take
place in them. Once in the soil, petroleum products reduce
respiratory activity and microbial self-cleaning processes,
change the relationship between certain groups of natural
microorganisms and the direction of metabolism, inhibit the
processes of nitrogen fixation, nitrification, destruction of
cellulose, cause accumulation of microflora degradation and
with agricultural products enter the human body [BABADJA-
NOVA et al. 2012].

Contamination by petroleum products leads to a pro-
found change over in all components of natural biocenoses
or even their complete transformation. A common charac-
teristic of all oil-contaminated soils is the change in the
number and limitation of species diversity of pedobionts
(soil meso- and microfauna, and microflora) [PROTSKO
2010].

The purpose of the study is to analyze the content of
petroleum products in soils, namely areas that can be used
for agricultural purposes, which are negatively affected by
rail transport. We considered two types of soil pollution in
the area of influence of the railway: scattered pollution,
which occurs as a result of constant pollution from loco-
motives, and pollution due to emergencies during the spill-
age of fuel and lubricants. The first type of pollution was
studied by analyzing the content of petroleum products in
soil sampling sites from the area adjacent to the tracks on
the section of the railway connection Lviv—Khodoriv The
subject of the study was the assessment of the content of
petroleum products and their migration in soils. Regarding
the second type of contaminants, recently adsorption
methods using natural dispersed sorbents are widely used.
Therefore, the second type of pollution was investigated by
establishing the adsorption capacity of the sorbent (glauco-
nite) relative to petroleum products used as fuel in

locomotives (diesel fuel). In the future, it was envisaged to
use this sorbent for the regeneration of accidentally contam-
inated soils in the area of influence of the railway.

MATERIALS AND METHODS
OBJECT OF RESERCHES

The territory through which the railway track, which is
a part of the Lviv—Khodoriv section in Lviv, passes was se-
lected for the study. The track length is 1 km. This plot be-
longs to the private sector, in which land is used for agricul-
tural purposes. This section carries out large numbers of
freight and passenger traffic that uses both electric traction
and with the use of locomotives on internal combustion en-
gines of the railway. We assume that emissions from fuel
combustion in these engines, as well as contamination with
lubricants from parts of rolling stock mechanisms, are the
main sources of oil products entering the soils adjacent to
the track. There are no other potential sources of soil pollu-
tion by hydrocarbons.

The current soil cover of the city of Lviv is a mosaic-
-structural formation in which natural, natural-anthropo-
genic and anthropogenic components complement or re-
place each other. Lviv soils are classified into three main
types: chernozem, eluvial, and peat-swamp. Chernozem-
type soils are dominant on the forest base. However, they
are not as saturated in humic substances as in the steppes.
For a long time, forests that degraded them grew on those
soils. Most Lviv soils are characterized by the absence of
genetic horizons and the presence of differences in colour
and thickness of the layers of artificial origin and increased
density. Soils are contaminated with construction debris,
emissions from industrial facilities and vehicles, as well as
various toxic xenobiotics. Up to 30—40% of the area of res-
idential built-up territories consists of sealed soils (screen
soils), in areas of new buildings — soil-like bodies — replant
soils [SLYCHKO et al. 2017].

Degradation of ecological functions of natural soils and
slow formation of integral functional features of anthropo-
genic soils is noticeable in the city conditions. Anthropo-
genic soils, which take an important place in the structure of
the soil cover of the modern city, can perform most of the
ecological functions. Some of the functions of the soil, due
to the specifics of the environment, are lost or partially per-
formed, while the quality of other functions is crucial for the
existence of the urban ecosystem [CHAYKA et al. 2019].

FIELD METHODS

For analysis, 13 soil sampling sites were taken in Lviv
near the railway track at the following addresses: H. Chup-
rynky St., Gordienko St., Botkin St., Sarnenska St., Smetany
St., Rudnytsky St. Railway District, direction Lviv—
Khodoriv (Fig. 1). This path of the study was chosen be-
cause the site is sloping downwards, as a result, the migra-
tion of petroleum products is possible in this direction.

Soil sampling sites were taken in the warm season fol-
lowing the requirements of DSTU 1SO 10381-4: 2005.
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Fig. 1. Map of Lviv streets with the indicated points of soil sampling;
source: own elaboration based on DSTU ISO 10381-4: 2005.

LABORATORY METHODS

The mass fraction of petroleum products in the soil was
determined by gravimetric method (MVV No. 081/12-0116-
03 Pochvy). This method is based on the extraction of or-
ganic matter from a portion of the soil with chloroform, re-
moval of chloroform, dissolution of the residue in hexane,
separation of polar compounds on a column of alumina, re-
moval of hexane and gravimetric measurement of the mass
of the residue. The mass fraction of petroleum products was
determined based on the results of gravimetry by the calcu-
lation method. The accuracy of this method is characterized
by the limits of the total tolerance of £5-15%, and as the
value of the error is smaller, the greater the mass fraction of
petroleum products in the soil. The order of the study is also
determined by the approximate value of the content of pe-
troleum products: the amount of soil required and the vol-
ume of chloroform for extraction decreases.

The native soil sample was weighed, spread on filter pa-
per, and dried for several hours until air-dry. A portion of
dried soil weighing 30 g was placed in a conical flask, mois-
tened with a volatile solvent (chloroform) to a wet state. Ex-
traction with chloroform (ether) was performed several
times (to obtain an unstained extract, but not less than three

times) using portions of 5 to 15 cm®. The extracts were fil-
tered into a beaker through “a white tape” filter. Filtration
was performed in an empty beaker weighing on analytical
balances with a capacity of 100 cm?, previously brought to
constant weight. From the combined filtrate, the solvent was
blown out with a fan. The beakers with the residue after
sample preparation and with the residue after preparation of
the blank sample were kept for 30 min at room temperature
to bring to constant weight. The repeated weighing was per-
formed every 10 minutes. If the difference between the re-
sults of two consecutive weighings did not exceed 0.0008 g,
the weighing was stopped. The obtained results were recal-
culated per 1 kg of dry soil taking into account its humidity,
determined from individual soil sampling sites according to
the classical method [KARABYN et al. 2019].

The possibility of using natural sorbents — glauconites,
which are widespread in the bowels of Ukraine, was studied
for the regeneration of accidentally contaminated soils.

Glauconite (from the Greek (Glaukos) — blue-green) —
a mineral of the class of silicates (groups of hydromica),
(K, Na, Ca)(Fe*, Al, Fe?*, Mg)2[AlSisxO10](OH)-nH,O
where x<1,n=1-2.

The content of components varies widely: SiO, 44—
56%; Al.O; 3-22%; Fe,O3 0-27%; FeO 0-8%; MgO
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0-10%; K,0 up to 10%; H.O 4-10% [PAVLYSHYN et al.
2013].

Impurities of Li and B are also known. High-magne-
sium glauconite is called celadonite, high-alumina glauco-
nite is called scolite. Crystallizes in the monoclinic syngony
and have a ball structure. Distributed in the form of
fine-crystalline, sometimes soil-like aggregates. Colouring
green of various shades, hardness 2-3, density 2200-2900
kg-m3, It has high cation exchange properties (up to 50 mg-
eq. per 100 g). Formed during the diagenesis of sediments,
as well as in soils and weathering crusts. Characteristic of
all geological systems since the Precambrian. It is one of the
main minerals used to determine the age of sedimentary
rocks [PAVLYSHYN et al. 2008].

The mineral sorbent glauconite of the Adamiv group of
deposits of the Khmelnytskyi region (Ukraine) is natural
sand containing 50—70% of the mineral glauconite. Glauco-
nite micro concretions have an effective specific surface
area, high cation exchange, and monolayer capacity.

To determine the adsorption capacity of glauconite to
diesel fuel, 10 glasses were taken, in which 100 g of glau-
conite were placed in each and a certain amount of diesel
fuel and the contents of the glass were well mixed with
a glass rod. Glasses with mixtures were left for 6 days. Then
in each beaker was added 200 cm?® of water, stirred and al-
lowed the mixture to settle. Diesel fuel, which was not ad-
sorbed, was washed away by water and formed a fatty layer
on its surface. This water was decanted and analysed.

RESULTS AND DISCUSSION
Data from studies of the content of petroleum products

in soil sampling sites selected and analysed according to the
methods described above are presented in Figure 2.
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Fig. 2. Dependence of oil content on the sampling distance; 1-13
sampling points; source: own study

In Ukraine, the maximum concentration limit for oil and
its products in soils is not defined by regulations; there is
only information on approximate permissible concentra-
tions (APC). In particular, in HSTU 41-00 032 626-00-007-
97 defined maximum permissible concentration for soil 4
g-kg™. Obviously, this figure is slightly overestimated be-
cause the Clark hydrocarbon content in soils in European
countries ranges from 0.02 to 0.5 g-kg?. For North

American conditions, McGill set the upper safe level of soil
oil at 1 g-kgt. Background areas of sod-medium-podzolic
loamy soils of Belorussian Polissya contain on average
0.005 g-kg™* per dry weight of hexane bitumoids for the
chernozem zone of Ukraine.

To determine the degree of soil contamination with pe-
troleum products, a sample was taken from the control area,
which is outside the impact of human activities that is the
protected area No. 14 as shown in Figure 1. According to
the results of laboratory studies, it was determined that pe-
troleum products in the soils of the control area are con-
tained in the amount of 1.18 g-kg™. The content of petro-
leum products depending on the distance from the track is
distributed in the soil in different ways, this phenomenon
can be explained by the uneven terrain, the number of green-
ery, soil density, the presence of surface water and other fac-
tors.

According to the results of laboratory results, which are
presented in Table 1, it is determined that petroleum prod-
ucts in soils, in the area of influence of the railway, at a dis-
tance of 5-50 m are in significant excess, and on average,
the excess is 3.5 times. The diagram shows the dependence
of the content of petroleum products on the sampling dis-
tance as shown in Figure 2.

Thus, analysing the study, we conclude that the study
area has a geochemical anomaly because the statistical
parameters of the distribution of the chemical element are
likely to differ from the geochemical background. The high
degree of soil contamination is not only the process of
changing and restructuring the ratio of microorganisms,
which is very different from uncontaminated but also an
alteration of some chemical and physical properties of the
soil.

The State Sanitary Rules for Planning and Development
of Settlements state that residential buildings should be sep-
arated from railway lines by a sanitary protection zone 100
m high from the axis of the extreme railway track, provided
that the normative noise levels in adjacent facilities and on
the construction site are ensured. With the placement of the
railway in the lowlands and the implementation of special
noise protection measures, the size of the sanitary protection
zone is determined taking into account the provision of
standard noise levels in residential areas, but not less than
50 m. At least 50% of the sanitary protection zone should be
landscaped. The same document specifies that the distance
from the boundaries of garden plots to the axis of the ex-
treme railway track must be at least 50 m with the obligatory
use of noise-protective landscaping with a width of 25-30
m or other noise protection measures. In practice, we often
see something else — ignoring all regulations and prohibi-
tions, new buildings are placed close to the railway tracks,
plowing and planting areas of protective soil strips, in return
cutting down forest protective strips, etc.

In the most European countries, if the content of oil in
the soil exceeds 10 g-kg™, they begin a detailed study of the
causes of pollution, and when it reaches values of the order
of 20 g-kg?, the area is declared an ecological disaster zone
[KACHALA 2017].

The implementation of measures to reduce the negative
impact of railway transport on the environment, with the
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establishment of effective environmental activities in other
modes of transport can significantly improve the environ-
mental situation in Ukraine. Means related to the improve-
ment of the environmental situation are directly related to
the modernization of railway transport and, especially, im-
portant here is the transition of railway transport to environ-
mentally-friendly electric traction.

As for the regeneration of accidentally contaminated
soils in the area of influence of the railway, it is worth using
the experience of regeneration of such soils in case of emer-
gency spills of petroleum products [BABADZHANOVA et al.
2015]. When choosing a sorbent should pay attention to all
its essential characteristics. Consider the sorption properties
of the most effective sorbents in the process of purification
from petroleum products. The main requirement for materi-
als that sorb petroleum products is the presence in the mate-
rial of a highly developed porous structure with a hydropho-
bic surface, as well as the possibility of petroleum products
desorption, utilization or regeneration of the sorbent. Ac-
cording to research by MATVEEVA et al. [2012], it has been
proven that the most effective sorbents for cleaning the soil
petroleum products pollution are: glauconite, zeolite and
bentonite. The main criteria that indicate their effectiveness
are the sorption capacity of sorbents and their fraction. For
comparison, the sorption capacity of the sorbent with a frac-
tion from 0.3 to 3.0 mm for the petroleum product is:

— glauconite — 2.9 kg per 1 kg of sorbent;
— zeolite — 0.9 kg per 1 kg of sorbent;
— bentonite — 0.14 kg per 1 kg of sorbent.

Therefore, after analysing the results of previous stud-
ies, we concluded that the most effective sorbent for clean-
ing soils from petroleum products is glauconite, which is
widespread in the bowels of Ukraine. The application of
glauconite sorbent should be used to neutralize the contam-
ination of the upper layers (to a depth of 0.4-0.6 m) of the
aeration zone. Substantially, this method means mixing the
sorbent and the contaminant within the affected soil.

Before the work on the initiation of the sorbent is a vis-
ual inspection of the site, in order to pre assess its nature and
shape. Visual assessment includes the collection of infor-
mation about the nature of the microrelief, the directions of
surface runoff, the direction of groundwater movement. De-
termination of the parameters of the pollution and its inten-
sity is carried out based on a set of engineering, lithological
and geochemical studies. The calculation of sorbent appli-
cation rates relies on the analysis of geological and geo-
chemical information and is based on its sorption capacity.

Therefore, we performed studies of the adsorption ca-
pacity of glauconite relative to diesel fuel according to the
method described above. The research results are shown in
Figure 3.

As may be noted from Figure 2, 90% of the adsorption
efficiency of diesel fuel on glauconite occurs when the ratio
of glauconite to diesel fuel is 15 kg-dm=3, which allows us
to recommend this ratio for use in soil cleaning technologies
from oil spills.

Additional studies have also been performed to deter-
mine the binding stability of adsorbed petroleum products
to glauconite. For this purpose, two-three stages of
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Fig. 3. The dependence of absorption efficiency of glauconite
to the correlation of glauconite vs. diesel fuel; source: own study

desorption of diesel fuel from glauconite, which was previ-
ously subject to the adsorption cycle, were studied. Studies
have shown that only traces of diesel fuel have been found
in the desorbed water, suggesting that diesel fuel is satisfac-
torily bound by glauconite during desorption. The obtained
value of the adsorption capacity of glauconite relative to die-
sel fuel serves as the source of information for calculating
the required amount of glauconite for application to the site
of accidentally polluted soil for its rehabilitation.

CONCLUSIONS

According to studies on the content of petroleum prod-
ucts in the study area, it was found that the actual figures
exceed the norm in the area of influence of the railway at
a distance of 5-50 m on average 3.5 times. We proposed to
clean the oil-contaminated area with a natural sorbent —
glauconite, the efficiency of which reaches 15 kg-dm™3 for
this pollution. As a result, we received 90% purification of
the contaminated area, which proves the high efficiency of
the proposed sorbent. Therefore, in the future it is necessary
to periodically monitor the condition of the soil in the area
to prevent pollution. This study proves that this practice is
necessary.

REFERENCES

BABADJANOVA O.F., GRINCHISHIN N.M. 2010. Rol’ sorbentiv u lik-
vidatsiyi vypadkovykh rozlyviv naftoproduktiv z poverkhni
hruntu [The role of sorbents in the elimination of accidental
spills of petroleum products from the soil surface] [online].
Visnyk L'vivs'’koho derzhavnoho universytetu bezpeky zhyt-
tyediyal’nosti .Vol. 4 (1) p. 75-81. [Access 17.02.2021]. Avail-
able at: https:/journal.ldubgd.edu.ua/index.php/Visnuk/is-
sue/view/75

BABADJIANOVA O.F, GRINCHISHIN N.M. 2012. Reabilitatsiya
gruntiv, zabrudnenykh avariynymy vylyvamy naftoproduktiv
[Rehabilitation of soils contaminated by emergency spills of
petroleum products [online]. Naukovyy visnyk NLTU
Ukrayiny. Vol. 22(7) p. 43-49. [Access 20.03.2017]. Availa-
ble at: https://nv.nltu.edu.ua/Archive/2012/22_7/index.htm

BaBapzHANOVA O.F., PAVLIUK YUu.E., SUKACH Yu.H. 2015.
Vertykal'na mihratsiya naftoproduktiv u verkhni shary gruntu.
Visnyk LDU BZHD [Vertical migration of petroleum products
in the upper layers of the soil. Visnyk LDU BzhD]. Vol. 11
p. 110-115. [Access 26.09.2018]. Available at: https://jour-
nal.ldubgd.edu.ua/index.php/Visnuk/issue/view/20



https://journal.ldubgd.edu.ua/index.php/Visnuk/issue/view/75
https://journal.ldubgd.edu.ua/index.php/Visnuk/issue/view/75
https://nv.nltu.edu.ua/Archive/2012/22_7/index.htm
https://journal.ldubgd.edu.ua/index.php/Visnuk/issue/view/20
https://journal.ldubgd.edu.ua/index.php/Visnuk/issue/view/20

84 O. CHAYKA, I. PETRUSHKA, M. RUDA, N. PARANYAK, O. MATSKIV

CHAYKA O.G., MATsKIv O.0., PARANYAK N.M. 2019. Vyvchen-
nya vplyvu aeroportiv na vmist naftoproduktiv u gruntakh.
Proc. Mizhnarodna naukovo-praktychna konferentsiya
,Nauka, tekhnika i tekhnolohiyi: hlobal'ni ta suchasni ten-
dentsiyi” v Prazi, Chekhiya [Study of the impact of airports on
the content of petroleum products in soils. Proc. International
scientific-practical conference “Science, Engineering and
Technology: Global and Current Trends” in Prague] [online].
p. 150-154. [Access 20.06.2020]. Available at: https://nu-
bip.edu.ua/node/67940

CHAYKA O.H., PETRUSHKA |.M., STOKALYUK O.M., MAZUR O.M.,
HamkaLo H.R., NaumovA YA.B. 2016. Doslidzhennya
vplyvu zaliznychnoho transportu na grunty u misti. L'vovi [Re-
search of the influence of railway transport on soils in the city
of Lviv. Molodyy vchenyy. Vol. 12(39) p. 66-69.

DSTU ISO 10381-4:2005 Yakist’ gruntu. Vidbyrannya prob.
Chastyna 4. Nastanovy shchodo protsedury doslidzhennya
pryrodnykh, mayzhe pryrodnykh ta obroblyuvanykh dilyanok
(ISO 10381-4:2003, IDT) [Soil quality — Sampling — Part 4:
Guidance on the procedure for investigation of natural, near-
natural and cultivated sites (ISO 10381-4:2003, IDT)].

HRYHORCHUK K. 2018. Lytohenetychni aspekty formuvannya
naftohazovykh system u volyno-podil’s’kykh sylurs'kykh
vidkladakh [Lithogenetic aspects of oil and gas systems for-
mation in the Volyno-Podolia Silurian deposits]. Heody-
namika Vol. 2 (25) p. 37-48.

HRYNCHYSHYN N.M. 2015. Prychyny ta naslidky rozlyvu nafty ta
truboprovidnoho transportu naftoproduktiv u L'vivs'kiy oblasti
[Causes and effects of oil spills and oil products pipeline
transport in Lviv region. Visnyk NFTU]. Naukovyy visnyk
NLTU Ukrayiny. Vol. 25(8) p. 178-185.

HSTU 41-00 032 626-00-007-97 Haluzevyy standart Ukrayiny.
Okhorona dovkillya. Sporudzhennya rozviduval’nykh i ek-
spluatatsiynykh sverdlovyn na naftu i haz na sushi. Pravyla
provedennya robit [Industry standard of Ukraine. Environment
protection. Construction of exploration and production wells
for oil and gas on land. Rules of works] pp. 80.

KACHALA T.B. 2017. Monitorynh gruntovoho pokryvu, zabrudne-
noho naftoproduktamy. V: Proc. XX Mizhnarodna naukovo-
praktychna konferentsiya ,,Ekolohiya, okhorona navkolysh-
n‘oho seredovyshcha ta stale pryrodokorystuvannya: osvita —
nauka — vyrobnytstvo” [Monitoring of soil cover contaminated
with petroleum products. In: Proc. XX International scientific-
practical conference “Ecology, environmental protection and
sustainable use of nature: education — science — production”]
[online] p. 109-111. [Access 20.06.2020]. Available at:
https://www.researchgate.net/publication/324941830

KARABYN V., PorovYCH V., SHAINOHA |., LAZARUK Y. 2019.
Long-term monitoring of oil contamination of profile-differen-
tiated soils on the site of influence of oil-and-gas wells in the
central part of the Boryslav-Pokuttya oil-and-gasbearing area.
Petroleum and Coal. VVol. 61(1) p. 81-89.

MALOVANYY M., Moroz O., HNATUSH S., MASLOVSKA O., ZHUK
V., PETRUSHKA |., NYKYFOROV V., SEREDA A. 2019. Perspec-
tive technologies of the treatment of the wastewaters with high
content of organic pollutants and ammoniacal nitrogen. Jour-
nal of Ecological Engineering. Vol. 20(2) p. 8-15. DOI
10.12911/22998993/94917.

MALOVANYY M., NIKIFOROV V., KHARLAMOVA O., SYNELNIKOV
0. 2016. Production of renewable energy resources via com-
plex treatment of cyanobacteria biomass. Chemistry and

Chemical Technology. Vol. 10(2) p. 251-254. DOI 10.23939/
chcht10.02.251.

MALOVANYY M., ZHUK V., SLIUSAR V., SEREDA A. 2018. Two
stage treatment of solid waste leachates in aerated lagoons and
at municipal wastewater treatment plants. Eastern-European
Journal of Enterprise Technologies. VVol. 1(10) p. 23-30. DOI
10.15587/1729-4061.2018.122425.

MATVEEVA O., DEMYANKO D., OGDANSKA I. 2012. Vyznachennya
optymal'noyi masy sorbentu “Ekolan” dlya ochyshchennya
vody vid naftoproduktiv [Determination of the optimal mass of
the sorbent "Ekolan™ for water purification from petroleum
products] [online]. Visnyk Natsional'noho aviatsiynoho uni-
versytetu. Vol. 4 p. 120-122. [Access 20.06.2020]. Available
at: http://nbuv.gov.ua/UJRN/Vnau_2012 4 22

Metod provedennya vymiryuvan’ masovoyi chastky naftoproduk-
tiv hravimetrychnym metodom. MVV No. 081/12-0116-03
Pochvy [Test method for measuring the mass part of a petro-
leum product by the gravimetric method. MVV No 081 / 12-
0116-03 Soils]. [Access 20.03.2017]. Available at:
http://online.budstandart.com/ua/catalog/doc-
page?id_doc=76437

NYKYFOROV V., MALOVANYY M., KOzLOVSKA T., NOVOKHATKO
0., DIGTIAR S. 2016. The biotechnological ways of blue-green
algae complex processing. Eastern-European Journal of Enter-
prise Technologies. Vol. 5(10) p. 11-18. DOI 10.15587/1729-
4061.2016.79789.

PAVLYSHYN V.I1., DovHy! S.0.2008. Mineralolohiya [Mineral-
ogy]. Kyiv. KNT. ISBN 978-966-373-345-6 pp. 536.

ProTskoO YA. I. 2010. Vplyv nafty ta naftoproduktiv na gruntovyy
pokryv [Influence of oil and oil product on the ground cover].
Visnyk Poltavs'koyi derzhavnoyi ahrarnoyi akademiyi. Vol. 2
p. 189-191.

SAKALOVA H., MALOVANYY M., VASYLINYCH T., KRYKLYVYI R.
2019. The research of ammonium concentrations in city stocks
and further sedimentation of ion-exchange concentrate. Jour-
nal of Ecological Engineering. Vol. 20(1) p. 158-164. DOI
10.12911/22998993/93944.

Sisa L.V, KaraBIN V.V., KarPYAK O.R. 2017. Prostorovyy
rozpodil naftoproduktiv u gruntakh v zoni vplyvu zaliznych-
noho transportu (na prykladi dilyanky L'viv—Mostys’ka) [Spa-
tial distribution of petroleum products in soils in the area of
influence of railway transport (on the example of the Lviv-
Mostyska section] [online]. Mineral'ni resursy Ukrayiny. Vol.
1 p. 4851 [Access 20.06.2020]. Awvailable at:
http://nbuv.gov.ua/UJRN/Mru_2017 1 9

SLYCHKO YA.V., HRYNCHYSHYN N.M., GONCHARENKO YA.V.
2017. Ekolohichna nebezpeka zabrudnennya gruntu naftoyu.
Proc. KHIlI Mizhnarodna naukovo-praktychna konferentsiya
molodykh vchenykh, kursantiv ta studentiv ,,Problemy ta per-
spektyvy rozvytku bezpeky zhyttyediyal'nosti” [Ecological
danger of soil pollution by oil. Proc. XII International scien-
tific-practical conference of young scientists, cadets and stu-
dents “Problems and prospects for the development of life
safety”] [online] p. 324-325. [Access 17.02.2021]. Available
at: https://books.ldubgd.edu.ua/index.php/m/cata-
log/view/49/33/145-1

ZELENKO Y., MALOVANYY M., TARASOVA L. 2019. Optymizatsiya
ochyshchennya vody teploelektrostantsiy [Optimization of
heat-and-power plants water purification]. Khimiya ta
khimichna tekhnolohiya. Vol. 13(2) p. 218-223. DOI
10.23939/chcht13.02.218.



https://nubip.edu.ua/node/67940
https://nubip.edu.ua/node/67940
https://www.researchgate.net/publication/324941830
https://doi.org/10.12911/22998993/94917
https://doi.org/10.23939/chcht10.02.251
https://doi.org/10.23939/chcht10.02.251
http://nbuv.gov.ua/UJRN/Vnau_2012_4_22
http://online.budstandart.com/ua/catalog/doc-page?id_doc=76437
http://online.budstandart.com/ua/catalog/doc-page?id_doc=76437
https://doi.org/10.15587/1729-4061.2016.79789
https://doi.org/10.15587/1729-4061.2016.79789
https://doi.org/10.12911/22998993/93944
http://nbuv.gov.ua/UJRN/Mru_2017_1_9
https://books.ldubgd.edu.ua/index.php/m/catalog/view/49/33/145-1
https://books.ldubgd.edu.ua/index.php/m/catalog/view/49/33/145-1
https://doi.org/10.23939/chcht13.02.218

