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The oil well drilling and oil processing industries are globally the main contaminants of environmental condition caused by
human economic activities. Oil spills have a negative impact on the environment, economy, and society. In this research, the
effects of oil with different chemical contents on soil types formed in two soil-climatic conditions have been studied. The
purpose of this research is to study the change of soil properties by oil pollution. The experiments have been conducted in
irrigated and non-irrigated soils of the desert region of the Kashkadarya and Surkhandarya (Uzbekistan). The results have
shown that aggregates (0.25; 0.5; 1; 2; 3; 5; 7; 10 mm) which are the important of soil fertility have changed by oil and oil
production, and the changes have proven to be temporary. The effect of the 5% and 15% concentrations of oil, engine oil,
petrol, kerosene has been studied. The aggregates 0.25 mm and 0.5 mm have the biggest change among aggregates, in fact,
aggregates of 0.25 mm at the level of 5% of oil decreased by 27.02%, at the level of 15% of oil decreased by 99.8%, at the
level of 5% of kerosene decreased by 2%, at the level of 15% of oil decreased by 98.1%. Aggregates of 0.5 mm at the level
of 5% of oil decreased by 6.44%, at the level of 15% of oil decreased by 67.14%, at the level of 5% of kerosene decreased by
12.75%, at the level of 15% of oil decreased by 92.8%. Engine oil and Petrol at levels 5 and 15 have relatively rare changed.
Also, as a result of oil and oil pollution, the total carbon dioxide in the soil has grown briefly, which is an anthropogenic
carbon and insignificant for soil fertility and humus. As a result, an anthropogenic carbon increased in gray-brown soil
(Durisols Technic, WRB) at 0—35 cm layer by 0.22%, irrigated meadow-alluvial soil (Fluvisols, WRB) by 0.31%, irrigated
gray-brown soil (Durisols Technic, WRB) by 0.44%, irrigated Takyr-meadow soil (Calsisols, WRB) by 0.25%, Takyr soil
(Calsisols, WRB) by 0.32%, sandy Desert soil (Durisols Technic, WRB) by 0.21%.
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Oil well drilling and oil processing industries are
the main contaminants of environmental condition.
According to Karpov (2013), two billion tons of oil
drills over the world annually, only 45—50 million
tons (about 2%) contaminates the environment. Soil
pollution is a global problem in both developed
and developing countries (Errington et al. 2018).

Contamination with total petroleum hydrocarbons
(TPH) subsequent to refining activities is currently
one of the major environmental problems (Guarino
et al. 2017). Oil spills have a negative impact on
the environment, economy, and society (Lim ef al.
2016). The environmental problems of oil fields are
caused by human economic activities, including the
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development of the oil and gas refining industry and
hydrocarbon feedstock processing (Tumanyan et al.
2017). Contamination with total petroleum hydro-
carbons (TPH) subsequent to refining activities is
currently one of the major environmental problems
(Guarino et al. 2017). Bioremediation is a prom-
ising technique for the reclamation of oil-polluted
soils (Soleimani et al. 2013). The consumption of
hydrocarbons in the world is steadily growing with
the response to the progress of civilization. It is ac-
companied by the continuous flow of hydrocarbon
pollutants into the environment (Panchenko et al.
2017). Pollution caused by petroleum and its deri-
vatives are the most important problems in the envi-
ronment (Igbal et al. 2016).

Oil hydrocarbons affect on soil mineral, organ-
ic and chemical contents, physical and biological
properties, plants as well as pH change, carbonate
amounts and increasing salt content in the soil that
are visible (Cruz et al. 2013; Petrova et al. 2014).
Adding crude oil to the soil reduced its permeability.
It was connected with the entrapment of the crude
oil within the pore spaces of the soil (Akinwumi et
al. 2014). Total petroleum hydrocarbon is the ma-
jor constituent in unrefined petroleum oil that has
a severe adverse effect on soil properties, qualities,
and biota (Akpoveta 2016). Hydrocarbons are the
main components of diesel oil and they are toxic for
the majority of plants (Balliana et al. 2017). Law-
son et al. (2012) studied the change of nutrients and
carbon content in the soil. For example, in the soil
polluted with 10 g/kg dose of diesel fuel, the bac-
teria available nutrients such as carbon, nitrogen,
and phosphorus have decreased within 15—40 days.
Crude oil contamination significantly increases the
soil pH up to 8.0 and reduces available phosphorus
concentrations in the soil (Wang et al. 2013).

The bioremediation of crude oil contaminated
soil is an effective process to clean petroleum con-
taminant from the environment (Roy et al. 2014).
Bioremediation is an economically and environ-
mentally-friendly procedure based on the metabolic
capacities of microorganisms to degrade contam-
inants biochemically (Huang et al. 2013; Késtner
et al. 2016). Bioaugmentation is a promising tech-
nology to clean up sites contaminated by the petro-
chemical industry (Gargouri et al. 2014). Biological
remediation technologies are an environmentally
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friendly approach for the treatment of polluted soils
(Agnello et al. 2016). The moderate concentrations
of crude oil activate the oil-degrading microorgan-
isms, which promote in turn the efficiency of biore-
mediation (Moubasher et al. 2015). Therefore, the
investigation of oil chemical impacts on individual
soil is essential.

In this research, the effects of oil with differ-
ent chemical contents on soil types formed in two
soil-climatic conditions have been studied.

The purpose of the research is to study the
change of soil properties by oil pollution. Defining
the recultivation measures based on soil properties.

MATERIAL AND METHODS

The experiments have been conducted in irrigat-
ed and non-irrigated soils of the desert region of the
Kashkadarya (lat. 38°; lon. 66°) and Surkhandarya
(lat. 38°; lon. 67°) located in the southern regions of
the Republic of Uzbekistan.

The climate of Kashkadarya is formed as a result
of the interconnection of climatic processes in the
desert located in the west and the mountainous re-
gion in the east. The annual rainfall in 2011-2016
in the study area was 57.5—104.2 mm, the absolute
maximum of the air temperature in July was 46.8°C,
the absolute minimum of the air temperature in Janu-
ary was —0.3°C. The average wind speed was about
1.5 m/s.

Surkhandarya region is a sunny region with an
inherent dry subtropical climate of the republic. Its
climate is characterized by warm winter and hot,
dry and long summer. The strong wind, blowing
at a speed of 2.9—-3.1 m/s brings a lot of dust. The
amount of precipitation in 2016 was 110—149.3 mm,
the absolute maximum of the air temperature in July
was +44.4—44.6°C, the absolute minimum of the
air temperature in January was —5.3°C, the abso-
lute maximum of the air temperature in January was
+16.8°C.

Soil samples were taken following distances 0.8,
2, 6,10, 14, 18, 20, 22 km layers from oil mine and
oil-gas industry. Soil samples were air-dried and
saved in +11°C until laboratory analyses. The fol-
lowing soils were selected: I-point — gray-brown
soils (Durisols Technic, WRB) of the Mirishkar
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district; II-point — meadow-alluvial soils (Fluvisols,
WRB) of the Nishan district; III-point — takyr-mead-
ow soils (Calsisols, WRB) of the Mubarek district;
IV-point — gray-brown soils (Durisols Technic,
WRB) of Termez district; V-point — irrigated takyr
soils (Calsisols, WRB) of the Dzharkurgan district;
Vl-point — desert-sandy soils (Durisols Technic,
WRB) of the Dzharkurgan district.

The physicochemical properties of soil samples
were analysed by the following methods: soil pH
according to the standard method (International Or-
ganization of Standardization 2005). Sampling and
preparation of soils for analysis were carried out in
accordance with GOST 17.4.4.02-84. The humus
content according to Tjurin method 1970, the analy-
sis of the water extract was carried out in accordance
with GOST 26423-85. Organic carbon in the soil is
determined and differentiated it by origin — natural
(contained in unpolluted soil) and anthropogenic
(introduced with organic pollutants). The formula
for determining organic carbon of anthropogenic or-
igin (C,_ ) has the following form:

C =C

ant org

-C

Control,

[Y0]; (eq.)

where: C. .. C , — organic carbon, (method
Okolelova et al. 2015) respectively, in unpolluted
and contaminated soils.

Soil granulometric analysis were determined us-
ing the “Sieve” method (Tursunov 1988). The sepa-
ration of the material into granulometric fractions is
carried out using a standard set of sieves, followed
by weighing the isolated fractions. For this reason,
standard sieve sets with a size holes 10; 7; 5; 3; 1;
0.5; and 0.25 mm with a saucer and lid. Chemical
and physical characteristics of the collected samples
which are the emergence of salinity due to pollu-
tion soil with oil and oil products were determined
according to Arinushkina (1970). The determination
of anthropogenic carbon quantity — C_, the method
of Okolelova (2015) was used.

Isolation oil-breakable bacteria’s cultures from
soil samples which were taken from different lev-
el of oil-contaminated areas in the research territo-
ry and their biochemical, physiological properties
such as experiments carried out-acids creating from
carbohydrates, modification relative to indol, nitro-

gen reclamation, its property in the milk condition,
activity relative to oxidase, catalase and nuclease,
changing relative to lipase and pigments.

Isolated cultures are determined via observing
activity of breaking between 0.5-20.0% concen-
trations of oil, prepared synthetic nutritional condi-
tion in 500 ml roomy colba in (g/l, KH,PO,0.85,
(NH,)SO,-5.0, K,HPO,-0.15, MgSO,*x7H,0-0.5,
NaCl-0.1, CaCl x4H,0-0.1, distilled water x 1,000
ml, pH 6.0—7.8) The experiments were carried out
in provided 28°C temperature condition during 3-5-
7 and 30 days (Zvyaginsev 1991).

Field and laboratory experiments were math-
ematically and statistically based on the average
arithmetic value of the experiments performed on
3-8 experiments (n = 3—8). The results are given
in M £ m, where M is the arithmetic mean and m
is the default error value. Moreover, the statistical
reliability values of the experimental results and
the control group were calculated on the basis of
Student t-scores and were evaluated statistically as
P < 0.05. The mathematical and statistical pro-
cessing was based on Statgraphics Centurion XVII
(2015), OriginPro 7.5 (OriginLab Corporation,
USA) and OriginLab OriginPro v. 8.5 SR1 (EULA,
Northampton, MA 01060-4401, USA) using special
software packages.

RESULTS

The territory of the study area is irrigated, as it is
a desert region, in fact, non-polluted soils. The pH
is slightly alkaline (7.0—7.8). The results show that
contamination with oil and petroleum products of
the soil has decreased pH and chemical processes
have changed in the soil (Table 1).

Soil pH shift is most common in gray-brown
(Durisols Technic, WRB) and sandy dessert soils
(Durisols Technic, WRB), which decreased from
7.3 to 5.2 and from 7.4 to 5.2, respectively. These
areas have the strongest pollution. Changes in soil
conditions have a negative impact on the activity of
microorganisms and plants living in the soil

According to the results, the pH in all studied
samples are acidic relatively on the oil pollution
level of soils. It may depend on soil chemical
property and oil concentration in soil. When soil
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pH has the acidic condition, some reactions may go
more intensive such as adsorption of heavy metals
on soil organic matter could be easier, etc. Thus, it
is necessary to have a neutral pH in the soils during
the recultivation of oil pollution.

In addition, the oil and oil products are organic
and sticky substance, which may effect to unite tiny
aggregates (0.25—0.5mm) in the soils. As a result,
soil contamination by oil and petroleum total amount
of essential importance for soil fertility 0.25; 0.5; 1;
2;3;5; 7; 10 mm of the units underwent a drastic
change. These changes analyzed, for example, allu-
vial meadow soil (Fluvisols, WRB) (Table 2).

The results show 0.25 mm units have compared
with the control (5.07%) with 5% oil, gasoline and

kerosene contamination have not changed, and at
15% contamination under the influence of oil has
decreased to 0.01%, motor oil to 0.035%, kerosene
to 0.094%, and gasoline had no effect. Against the
backdrop of 0.5 mm aggregates, the number of ag-
gregates is 15.37%, under the influence of oil, their
quantity has decreased to 5.05%, motor oil to 3.03%,
kerosene to 1.02%. Due to a sharp decrease in the
number of 0.25 and 0.5 mm aggregates, the num-
ber of 1-3 mm aggregates has increased sharply,
in particular, the amount of 1 mm aggregates in the
control is 19.14%, under the influence of motor oil,
their quantity has increased to 34.15% under the in-
fluence of kerosene to 33.56%, the amount of 2 mm
aggregates in the control is 11.52%, under the in-

Table 1

The pH of oil polluted soils

Soil types
prndication | Oray-brown | | o | adow | Jdor | sandy dese
(Dl.mSO]S (Fluvisols, (Durisols, (Calsisols, (Calsisols, (DL.mSOIS
Technic, WRB) WRB) WRB) WRB) WRB) Technic, WRB)
Control 7.3 7.6 7.8 7.0 72 7.4
pH,, 53 6.5 6.2 5.9 5.8 5.4
pH, 52 6.5 6.0 5.6 59 52
Table 2
Influence of oil and oil products on the change soil aggregates [%]
Experiment options Soil aggregates
10 mm 7 mm 5 mm 3 mm 2 mm I mm 0.5 mm 0.25 mm
Control 8.80 8.70 18.60 12.80 11.52 19.14 15.37 5.07
0Oil [5%] 8.75 8.60 18.75 12.86 11.66 19.30 14.38 5.70
Oil [15%)] 13.00 13.76 13.63 22.00 17.36 15.19 5.05 0.01
Engine oil [5%] 13.62 13.15 13.48 22.56 10.61 15.95 5.28 5.35
Engine oil [15%)] 17.02 13.40 13.06 20.29 17.44 15.45 3.31 0.035
Petrol [5%] 8.39 8.70 18.60 12.16 11.50 19.70 15.48 5.47
Petrol [15%] 8.65 8.73 17.45 12.70 11.09 19.97 15.71 5.70
Kerosene [5%] 12.28 8.35 7.37 10.73 10.98 31.53 13.41 5.35
Kerosene [15%)] 14.82 11.97 11.18 14.38 12.97 33.56 1.12 0.094
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fluence of oil has increased to 17.36%, motor oil is
20.44%. The combination of aggregates in the soils
is arranged in the following order of increase: gas-
oline — kerosene — engine oil — oil. This has led to
a comprehensively complex process of agrophysical
degradation. According to the results, in the process-
es of their pollution with oil and oil products, under
the influence of salts rising together with oil-water,
some soils undergo technogenic salinization (Table
3).

The existence of technogenic salinization of
soils is depending on the chemical composition of

the oil. For instance, gray-brown soils (Durisols
Technic, WRB) are not salinated, medium salinity
(chloride-sulphur type) existence due to influence
of contamination with oil, irrigated meadow-alluvi-
al (Fluvisols, WRB) soils are medium salinated in
the control (sulfate-chloride type). The takyr-mead-
ow soils (Calsisols, WRB) are not salinated in the
control, they have not changed on the influence of
contamination. Irrigated gray-brown soils (Durisols
Technic, WRB) are not salinated in the control,
medium salinated under the affect of contamina-
tion (chloride-sulphur type). Takyr soils (Calsisols,

Table 3

The emergence of salinity due to pollution soil with oil and oil products based on the method of E. V. Arinushkina)

Soil type ]?jg]h Dry residue HCO, cl- SO,-
0-35 0.192+0.051 0.051+0.0011 0.012+0.003 0.118+0.0022
Control
35-62 0.110+0.033 0.030+0.0012 0.009+0.0002 0.050+0.0012
Gray-brown 0-35 1.214+0.031 0.049+0.0011 0.950+0.21 1.405+0.042
(Durisols Technic,
WRB) 35-62 0.750+0.021 0.031+0.0013 0.420+0.011 1.210+0.032
0-35 1.310+0.022 0.030+0.0014 0.032+0.0004 0.660+0.013
Contrel 35-62 1.140+0.023 0.024+0.0013 0.030+0.0002 0.640+0.012
Irrigated meadow- | 0-35 1.3300.021 0.035+0.0012 0.045+0.0003 0.6810.012
(Fluv?lﬁﬁfavlmm 35-62 1.180+0.032 0.026+0.0011 0.047+0.0004 0.645+0.014
0-35 0.810+0.023 0.020+0.0010 0.028+0.0002 0.434+0.010
Contrel 35-62 0.720+0.022 0.020+0.0013 0.022+0.0002 0.412+0.012
Irrigated grey- 0-35 1.722+0.032 0.022+0.0010 1.145+0.023 1.035+0.044
(Duril;(r)?:,v r\;vRB) 35-62 0.920+0.020 0.019+0.0012 0.574+0.0005 1.198+0.043
0-35 0.650+0.025 0.021+0.0014 0.020+0.0003 0.352+0.005
Contrel 35-62 0.830+0.029 0.020+0.0011 0.032+0.0003 0.322+0.003
Irrigated takyr- 0-35 0.710+0.027 0.025+0.0011 0.022+0.0002 0.374+0.007
(Caléni;i(si,o :?VVRB) 35-62 0.887+0.026 0.024+0.0012 0.0340.0002 0.356+0.003
0-35 0.230+0.014 0.040+0.0013 0.014+0.0003 0.134+0.002
Contrel 35-62 0.160+0.013 0.030+0.0014 0.012+0.0001 0.062+0.001
Takyr 0-32 0.239+0.010 0.042+0.0013 0.020+0.0001 0.138+0.002
(Calsisols, WRB) | 35_g0 0.180+0.019 0.035+0.0012 0.0180.0002 0.070+0.002
0-35 1.620+0.032 0.021+0.0011 0.036+0.0002 1.070+0.041
Contrel 35-62 1.340+0.031 0.020+0.0014 0.030+0.0003 0.900+0.021
Sandy desert 0-35 1.768+0.038 0.023+0.0013 0.037+0.0002 1.097+0.040
(Durisols Technic,
WRB) 35-62 1.471+0.035 0.024+0.0010 0.040+0.0002 0.968+0.022
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WRB) are not salinated in the control, they have not
changed on the influence of contamination. Desert
sandy soils (Durisols Technic, WRB) are medium
salinated in the control (chloride-sulfate type), they
also have not changed on the influence of pollution.

From the given data, it can be seen that man-made
pollution resulting from oil pollution occurs only in
soils belonging to the sections and in the remaining
soils, salinization has not occurred. This reason is
explained by the amount of chloride and sulfate salts
emitted together with oil from oil mines.

As aresult of soil pollution with oil and oil prod-
ucts, the amount of carbon has increased sharply. In
all studied soils, pollution has affected the increase
in the amount of carbon, however, a sharp increase
in the amount of carbon in a short time has not af-
fected the increase in the amount of humus, since
carbon, which increases in a short time, is consid-
ered anthropogenic carbon (C_ ) (Figure 1).

The results show that oil pollution had an effect
on the increase in the amount of total carbon (C_ ),
in particular in the horizons 0—35 cm, 35—62 cm,
respectively, in the section grey-brown soil, in-
creased by 0.22%; 0.18%; in the section of irrigat-
ed meadow-alluvial soil (Flusols, WRB) is 0.31%;

1.2 -

e
oo
L

Carbon quantities [%)]
(=)
N

0.14%; in the section sandy desert soil (Durisols
Technic, WRB) is 0.44%; 0.34%; in the section
irrigated takyr-meadow soil (Calsisols, WRB) is
0.25%; 0.14%; in the section of takyr soil (Calsisols,
WRB) is 0.32%; 0.27%; in the section of irrigated
gray-brown soil (Durisols Technic, WRB) has in-
creased to 0.21%; 0.14%. In the horizon 62—85 cm
lower in all sections with no increase in the amount
of carbon. In the laboratory, the concentrations of oil
and petroleum products (gasoline, kerosene, engine
oil) 0.5-35% for 30 days an increase in carbon is
noted, which proves this position. The increase in
the amount of carbon only in the upper horizons is
explained by the fact that oil and oil products con-
tamination occurs only in the upper horizons of the
soil profile. The correlation between anthropogenic
carbon of C_ and humus is » = -0.92, therefore, the
increase in the number of C_  due to C_ resulted
in pollution which does not increase the amount of
humus and this is considered not essential for soils.
The heterogeneity in pollution character and lack
of any regular occurrence might be explained on two
bases. The first basis is the difference of soil-climatic
conditions, soil-forming rocks and oil chemical
contents that “Kukdumalok” and “Khovdak” oil

0.4 -
0.2 -
0
0-35 35-62  62-85 0-35 3562  62-85 0-35 35-62 62-85
C(total) C(organic) C(ant)

== Grey-brown Technic (Durisols, WRB) =fli=Irrigated meadow-alluvial
(Fluvisols, WRB)

=>e=Irrigated takyr-meadow
(Calsisols, WRB)

== Takyr

(Calsisols, WRB)

==fe=[rrigated grey-brown
(Durisols, WRB)

=0 Sandy desert
(Durisols Technic, WRB)

Soil layers [sm]

Figure 1. Change in the amount of carbon due to pollution soil with oil and oil products
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fields are situated in separate areas. The second ba-
sis might be seen in technological perfectness and
working efficiency of the oil fields that could cause
an environmental contamination in surrounding ar-
eas.

The concentrations of analysed elements are high-
er in the samples taken from sandy soils (Durisols
Technic, WRB) than the samples of gray-brown soils
(Durisols Technic, WRB). Because there was an ac-
cident in the oil pipeline system 48 years ago causing
pollution in the territory. Furthermore, any of recul-
tivation measures have not been carried out in these
territories. The scenario is little more different in the
territory of “Kukdumalok”, due to that the pollution
was not so serious because of the technological effi-
ciency of the oil field during the past period.

The microbiological community of soil affected
under oil pollution that some amounts of microor-
ganisms and physiological groups dead. Then plant
cover are dramatically decreased and the biomass
less accumulated.

The bioremediation of hydrocarbon degradation
in petroleum-polluted soil is carried out by various
microorganisms (Wu et al. 2017). Phytoremedia-
tion is an actively developing biotechnology that
uses plants, their associated microorganisms, and
agricultural techniques for the rehabilitation of en-
vironments contaminated by inorganic and organic
pollutants (Panchenko et al. 2017). The degradation
of total petroleum hydrocarbons in soils and sever-
al physiological parameters of plants such as shoot
length and biomass were analyzed (Kuo et al. 2014).
Bioremediation using microorganisms and plants
are a promising method for the degradation of crude

oil contaminants (Gao et al. 2014). Bioremediation
is the most effective way to remove these pollutants
in the soil (Mohammadi-Sichani et al. 2017). More-
over, the bioremediation has been widely applied to
decontaminate petroleum-contaminated sites (Li et
al. 2016). The dynamics of the decrease of oil prod-
uct content and the time of elimination of the toxic
effects on higher plants at the initial pollutant con-
tents were revealed (Petrov ef al. 2016).

Joint use of strains is more effective than their
separate use. In particular, at oil concentrations of
5%, 12%, 23%, 37% for 45 days, the maximum
amount of the strain of MFD-100 Pseudomonas stut-
zeri was determined according to the titer of 3.7x107;
4.1x107; 4.5%107; 4.6x107 cells/ml; strain MFD-
200 Pseudomonas caryophylli — 3.2x107; 3.5x107;
3.7x107; 3.9x107; strain MFD-5000 Bacillus subtilis
—3.6x10%; 3.7x108%; 3.8x108%; 3.9x108; and in the con-
sortium — 7.2x10% 7.6x107%; 7.8x10%; 7.9x10° cells
/ ml. From this point of view, the use of strains in
the consortium produces high results. Also, Sorghum
saccharatum, Medicago falcata L., Artemisia diffusa
H. Krasch, Anabasis eriopoda (Schrenk) Benth are
used as phytoremediation to improve contaminated
soil biodegradation and reclamation results were in-
credible.

In general, the individual recultivation factors are
considered taking into account the soil and climat-
ic conditions of the desert zone of Kashkadarya and
Surkhandarya: the nature of the pollution (timing,
level, type of pollution), the climatic factor (high
temperature, low precipitation), the chemical com-
position and soil properties, biological and microbi-
ological soil parameters.

Table 4

Separation for periods of recultivation of oil-contaminated and oil products of desert soils according to the norms of minimum
and maximum time, in months

Degree of pollution
Periods
Slightly Medium High Very high
Preparation period for reclamation 1-2 1-2 1-2 1-2
The period of reclamation (bioremediation) 10-14 16-22 24-34 37-46
The period of preliminary restoration of soil fertility 4-6 8-10 10-12 12-16
The total period 15-22 25-34 35-48 50-64
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The technology of reclamation is created tak-
ing into account the requirements of the Interstate
Standard GOST.17.5.1.01.-83, foreign experience
and the soil and climatic conditions of the research
facility. This technology of reclamation based on
the biological method consists of a complex of 11
measures of 6 species based on 3 stages, 3 periods,
its terms are divided into periods by the degree of
contamination (Table 4).

The reclamation time of the soils of the desert
zone is different, according to general analysis, de-
pending on the degree of contamination, it is 15—64
months, of which the most time (72%) falls on the
period of remediation. The expenditure of time in
the restoration of soil fertility refers to the initial
state, with time it is equal to the soils of the control
territories.

The degree of purification of the investigated
soils is different, according to these data, the de-
gree of purification of desert sandy soils (Durisols
Technic, WRB) is 92.87%. Irrigated takyr-mead-
ow soils (Calsisols, WRB) is 74.19%. Gray-brown
soils (Durisols Technic, WRB) is 74.75%. Irrigated
meadow-alluvial soils (Fluvisols, WRB) is 93.12%.
Takyr soils (Calsisols, WRB) is 82.91% and in irri-
gated gray-brown soils (Durisols Technic, WRB) is
94.4%.

DISCUSSION

Soil contamination by engine oil causes huge
damage to the environment (Solly ef al. 2015). The
change in soil pH depends on the fractional com-
position of oil and petroleum products falling into
the soil. The experiments have revealed that the soil
condition improves after recultivation. The con-
centration of the pollutant depends on the chemical
composition of the soil. Most microbial species can
survive only within a certain pH range. Further-
more, soil pH can affect the availability of nutrients
(Agamuthu ef al. 2013). Depending on pollutants,
the soil pH can be increased to neutral (6.6—7.3).

Oil and oil products (gasoline, engine oil, kero-
sene) have affected soil aggregates. Although, the
PAH contamination in the different granulometric
fractions is directly proportional to the respective
total organic carbon content since the PAH is asso-
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ciated with the carbonaceous particulate materials
(Trellu et al. 2017). Since the pollutants are organic
matter, the aggregate of 0.25—3.00 mm have been
intensified and sharply reduced. As a result, 7—10
mm aggregate have increased. In soil, the concen-
tration of kerosene 15%, 0.25 mm of aggregate de-
creased to 98%. Changes in soil aggregate adversely
affect the transfer and storage of water. In addition,
the negative effects on air and nutrient regimens.
The change of soil aggregate is temporary, and after
recultivation, it returns to its original state.

The salinity of the soil has evolved around some
oilfields. Its appearance is related to the chemical
composition of the water from the oilfield. Gray-
brown (Durisols Technic, WRB), irrigated mead-
ow-alluvial (Fluvisols, WRB), irrigated gray-brown
(Durisols Technic, WRB), irrigated grey-brown-
meadow (Durisols, WRB), sandy dessert soils
(Durisols Technic, WRB) are slightly and moderate-
ly saline. Takyr soils (Calsisols, WRB) are non-sa-
line soils. The sulfate ions (SO4~) in the salinity
reached a maximum of 1.4045%, and chlorine ions
(CI') — 1.145 mg/kg. Such anthropogenic salinity is
not found in large areas. They only occur around the
oil field. It is not a major issue for the agrarian sec-
tor.

It can be proved the decreasing of humus con-
tent in desert soil polluted with oil and oil products.
Firstly, the physical properties of soil such as den-
sity increasing and moisture decreasing under oil
pollution can lead to the humification process on-
going in the soil breaks down. Secondly, if amounts
of chemical substances in soil (such as oil and oil
products, heavy metals, salts, etc.) reach the maxi-
mum allowable concentrations can cause damage of
whole processes in soil. Thirdly, plant cover richness
is decreased, in some areas totally destroys and in
its turn the biomass incoming back to soil decreases
sharply, but oat could increase the microbial respi-
ration rate and improve hydrocarbon degradation
in the soil in all the TPH-contaminated treatments
(Barati et al. 2018). Moreover, applying wheat straw
as biostimulator may mitigate the negative impacts
of the contamination with crude oil on soil organ-
ic carbon mineralization and crude oil degradation
(Hamoud et al. 2018). After phytoremediation, the
soil can be used as the agricultural soil (Smaranda
et al. 2016). Fourthly, the microorganisms’ amount
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and their physiological groups can decrease and if
pollution is high in level they can negatively impact-
ed. In all studied soils, respectively, the degree of
pollution with oil and petroleum products increased
the amount of carbon. This carbon is considered
as anthropogenic carbon (C), which does not have
a correlation with humus of soils. Therefore, it is not
effective in soil fertility.

Application of strain of MFD-100 Pseudomonas
stutzeri, strain MFD-200 Pseudomonas caryophyllis,
strain MFD-5000 Bacillus subtilis, and Sorghum
saccharatum, Medicago falcata L., Artemisia diffu-
sa H. Krasch, Anabasis eriopoda (Schrenk) Benth
to reclamation have effected to clean-up and have
improved soil conductivity. Both biostimulation and
bioaugmentation have a positive influence on the
biological activity of soil and its physicochemical
properties (Polyak et al. 2018). All the soils need
separated time. It should be separated by levels
of pollution. Because it is related to the economic
cost. In the desert region, this figure was at least 15
months (slight pollution) and maximum (very high
pollution) 64 months.

After the pollution of soils, the amount of oil un-
der the effect of photochemical, chemical, physical
and biological processes in soil has been degraded
and decreased. In these soils, the heavy fractions of
oil like pitch, asphalt kept collapsed the soil pro-
cesses. Providing of recultivation measures in these
soils may create difficulties than short-term polluted
soils.

CONCLUSIONS

The change in soil pH is harmful to soil proper-
ties and productivity. It is necessary to bring oil to
the recultivation. Carbon dioxide is unnecessary in
contamination, so it is recommended to use organic
fertilisers in recultivation. A significant effect of the
concentration of oil and oil products (5—15%) on
the number of soil aggregates studied (0.25, 0.5, 1,
2, 3,5, 7, 10 mm), in particular, a decrease in the
amount of 0.25 mm aggregates and an increase in
the number of 2—3 mm aggregates.

Technogenic salinity with soil pollution with oil
and oil products do not cover large areas and damage
to agriculture is not high. Using MFD-100 Pseudo-

monas stutzeri, MFD-200 Pseudomonas caryophyl-
li, MFD-5000 Bacillus subtilis bacterial strains of
8.2 x 1011 cells / 1 g to remove oil and oil produ-
cts from the desert zone in irrigated soils and plan-
ting Sorghum saccharatum, Medicago falcata L.,
Artemisia diffusa H. Krasch, Anabasis eriopoda
(Schrenk) Benth have given high efficiency. After
the recultivation, soil fertility has restored and the
properties have improved over time. The effect of
the remediation activities has greatly improved the
properties of contaminated soils.
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