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Abstract

For balances approach to Sustainable Development Goals, the physical and chemical
degradation of soils, biological degradation of soil organic matter in result of oil pollution were
studied. The data on the particle-size distribution, the content of chemical components and the
number of microorganisms in the soils of the Dzunbayan (East Gobi) oil-producing area are
presented. The studied soils are characterized by a bimodal distribution of particles: the main
fraction is coarse sand (200—2000 um), it ranges from 40 to 60 %. It is accompanied by fine silt
(2—20 um), its content reaches 17 %. A high content of chromium, copper, strontium, rubidium,
cesium and arsenic was identified in soils, which reflect the geochemical specificity of the
geological province. Due to arid climate of the study area soils are characterized by an alkaline
reaction pH 8.2—-8.7. Soils initially non-saline near the well are highly saline (salinity up to 0.7—
1.2 %), due to the mining technologies used. The content of petroleum hydrocarbons (HC) in the
soils of the study area varies from 9 to 60 mg/kg with a maximum in the vicinity of the operating
well. The microbial community of soils is characterized by a high degree of adaptation to the
conditions of the arid zone, salinity, high pH values, at the same time these conditions limit the
development of typical representatives of soil microbiocenoses — actinomycetes and, to a greater
extent, microscopic fungi. The total number of heterotrophic bacteria (TNH) in the studied soil
samples varied within 1.22—-3.49 106 CFU/g of dry soil, the share of hydrocarbon oxidizing bacteria
(HOB) was 12.6—18.9 % of TNH. The content of hydrocarbon oxidizing bacteria (HOB) in the
microbial community of soil (within 20 %) corresponds to the concentration boundary of pollution
by hydrocarbons for the studied soils (up to 60 mg/kg), which indicates that the microbial
community is on the verge of fulfilling the ability to self-purification of the soil. The identified
physico-chemical characteristics of the studied soils of the desert zone (dominance of sand
fractions, high pH values, salinity) in combination with specific climatic conditions and features of
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the oil composition of the Dzunbayan deposit (prevalence of heavy paraffin fractions) characterize
their low potential for self-purification from pollution by hydrocarbons. For sustainable solutions
planning of the oil production, transportation, and pollution prevention the transcendental
Biogeosystem Technique methodology will be helpful for Land Degradation Neutrality
implementation.

Keywords: oil production, soil, salinity, pollution, hydrocarbons, bacteria, Mongolia.

1. Introduction

Aspiration to achieve the Sustainable Development Goals (SDGs) in 2015 adopted by the
United Nations (UN) is of high importance to avoid further land degradation and to achieve the
lofty goals of Land Degradation Neutrality (LDN) by 2030 is a base of the current and strategic
world development framework agendas (Keesstra et al., 2018). Physical and chemical degradation
of soils, biological degradation of soil organic matter in result of oil pollution are the worldwide
environment and high cost problems (Villacis et al., 2016). The Dzunbayan oil deposit is located in
the southeastern part of Mongolia in the province of Eastern Gobi, 440 km east of Ulaanbaatar.
It belongs to the central part of the Dzunbayan depression and is located at an altitude of 760 m
above sea level. The first geological studies of the Mongolia territory aimed at the exploration and
assessment of oil reserves were carried out in the 1920s by American specialists N. Berkeley and
S. Morris in the Gobi Desert. On the basis of these and other materials, in 1931, the American
geologist D. Tenner predicted the existence of oil deposits in the country (Serebriakov, Kondratiev,
2012). Planned geological exploration at oil deposits in Mongolia began in 1934, with the help and
participation of USSR specialists. Two oil deposits were discovered in the south and in the south-
east of the country with estimated reserves of 45 million barrels.

By 1941, a geological survey was carried out in south-eastern Mongolia with the participation
of the Mongolian geologist J. Dugersuren and the Soviet geologist Yu. Zhelubovsky. Signs of oil-
bearing were identified in the Eastern Gobi in the Dzunbayan area, which subsequently led to the
discovery of the Dzunbayan oil deposit, which was commissioned in 1948. In terms of their
physicochemical properties, Dzunbayan oil is very viscous, heavy, with a high content of resinous
components and paraffins, the yield of light fractions is only 5—-6 %.

During the operation, more than 260 wells were drilled to a depth of 3 km. New structures
favorable for oil and gas accumulations were established. The operation of wells is carried out by
subsurface oil pumps. Currently, oil is produced by 168 wells with a flow rate of 30—100 barrels per
day. The reserves of the Dunbayan deposit are estimated at 160 million barrels. The extracted oil
(550 thousand barrels per month) is transported by tank wagons for processing to China.

Today in Mongolia there is a tendency to worsening conditions for the development of oil
deposits associated with the formation depletion with easily recoverable oil reserves. In this regard,
there is an increasing interest in technologies that increase the efficiency of deposit development.
To increase oil recovery at the Dzunbayan field, it is planned to use the method of water-gas
impact.

The aim of this work is to assess the state of the soil in the area of the Dzunbayan deposit,
their lithological and mineral composition, as well as the state of the soil microbial complexes
involved in the processes of soil self-purification from pollutants. In this paper, we focus on the
SDG, and land restoration (Keesstra et al., 2016, 2018).

2. Objects and methods

The study area is located 45 km south of Sainshanda, East Gobi aimak. The exploration area
of the Dzunbayan deposit is 5321 kmz2, the operational area is 239.5 m=2. Soil samples were taken in
December 2018 near one (44°27°07° N and 110°0517" E) of the 168 wells along the perimeter at a
distance of 2 m (polluted sample sites M1—M3), as control we used “unpolluted” sample sites M4
and M5 5 and 30 m from the well, because the main soil contamination occurs when oil is taken.
Soil sampling and chemical analysis was carried out in accordance with IS 17.4.3.01-83.

For chemical and microbiological analyzes, soil samples (0.5 kg), from a depth of 0—20 cm,
were selected by the envelope method. For particle size analysis, soil samples, dried to the air-dry
state, were ground in a porcelain mortar with a pestle with a rubber tip and passed through a 2 mm
mesh sieve. The granulometric composition of the samples as a whole was determined by the sieve
method (fine earth fraction <2 mm) by laser diffraction (particle size distribution from 0.01 to
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2000 pum) on a size analyzer particles (SALD-2300, SHIMADZU, Japan) (Fraunhofer, 1817;
Vadjunina, Korchagina, 1973; Shein et al., 2017; Wolform, 2011). The total composition was
determined by the X-ray fluorescence method (Pioneer S4, Bruker AXS, Germany) using the
silicate analysis technique. The XRF analysis was carried out in the Analytical Centre at the
Institute for Tectonics and Geophysics, Khabarovsk, Far East Branch of the Russian Academy of
Sciences. Hydrogen test, determination of electrical conductivity (EC) and salinity (S) of soil water
extract (1:5) was carried out using a combined meter (Seven Multi S-47k, Mettler-Toledo,
Switzerland).

Determination of the mass fraction of hydrocarbons (HC) in the soils was performed
according to the method (END F 16.1:2.2.22—98). The hydrocarbon fraction was isolated by
extraction with carbon tetrachloride, purified from accompanying polar compounds on a column
with aluminum oxide of the 2nd degree of Brockman activity. The measurements were carried out
on the concentration meter (KN-2M, Sibekopribor, Russia).

The number of ecological-trophic groups of microorganisms in the soil was determined by
methods generally accepted in soil microbiology (Netrusov et al., 2005).

3. Results and discussion

Particle size analysis

The studied soils are friable sandy formations of yellow-orange color. For the particle size
distribution significant differences between the samples was not identified. The degree of
granulometric differentiation associated with the morphostructural features of the area can be
judged from the distribution of particles by volume and the number of particles of a certain size.
Figure 1 shows typical particle distribution curves. Evaluation of the particle size distribution in soil
by volume criterion showed that the studied soils are characterized by a bimodal particle
distribution (Figure 1a). The main fraction is coarse sand (particles with a diameter of 200—
2000 pm), it makes up from 40 to 60 % of the volume of particles. It is accompanied by a fine silt
(particles with a diameter of 2—20 um), the content of which reaches 17 %. Its content suggests a
rather high ability of soils to adsorb hydrocarbons.
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Fig. 1. Particle size distribution in the soils of the Dzunbayan deposit: a — by volume of particles;
b — by the number of particles of a certain size. The solid line is the differential curves (auxiliary
axis of ordinates), the dotted line is the integral curves (the main axis of ordinates)

Chemical content of soil
The study of the gross chemical composition of the soil showed the relative uniformity of
distribution of the studied chemical components in them. Only in the M2 sampleincreased calcium
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content in comparison with other samples was revealed (Table 1). The content of iron oxide, which
gives the soil an orange color, varied slightly — from 1.8 to 2.4 %, the content of aluminum oxide
varied from 11.5 to 11.9 %. All samples revealed an elevated content of sodium oxides (3.6—4.3 %)
and potassium (3.6—4.1 %), which is typical of sandy soils in this region (Liu et al., 2016).

The increased sodium content is reflected in the pH of the soil water extract, which is
characterized by an alkaline condition and varies from 8.15 to 8.67 (Table 2) as in arid soils and in
soils having a marine genesis (He et al., 2014). The alkaline reaction of the soil extract may also be
due to the salinity of the soil. The salinity of the soil extract of the studied soil samples ranged from
0.13 to 2.37 °/o and from 0.07 to 1.19% in soils correspondingly. The maximum salt content
0.7-1.2% is noted near the well (sample sites M1—M3). Such high salinity indicates soils as highly
saline ones. With distance from the well salinity drops sharply and at a distance of 30 m is 0.07 %
(Ms5), which corresponds to non-saline soils. Last with a high degree of confidence allows to assert
that salinization is associated with mining technologies used.

Table 1. Gross chemical composition of soils in the Dzunbayan deposit (%)

Sample
MOy Mi | M2 | M3 | Mg | M5
Si0. 81.74 75.93 80.16 79.61 82.17
TiO. 0.37 0.40 0.36 0.32 0.39
AlL,O, 11.83 11.59 11.70 10.90 11.90
Fe.03 2.03 2.43 2.09 1.87 1.83
MnO 0.08 0.08 0.07 0.07 0.06
CaO 0.72 1.75 0.88 0.86 0.89
MgO 0.60 0.84 0.65 0.55 0.60
Na,O 4.09 4.27 4.01 3.64 3.82
K0 3.91 3.60 3.82 3.76 3.93
P.Os 0.05 0.06 0.06 0.05 0.06

It is known that electrical conductivity (EC) correlates with such soil properties as the cation
exchange capacity of the soil, the content of organic matter and salinity (Li et al., 2011; He et al.,
2014). In the studied samples, the EC of the water extract varied more significantly than the pH.
Its maximum values were found in sample M2, where the EC was 4.5 mS/cm, as the EC removed
from the well, the EC value decreased and at a distance of 30 m it was 0.3 mS/cm. Apparently, such
a decrease in the EC value demonstrates a decrease in the HC content in the soil and its salinity.

The content of HC in soils varied from 9 to 60 mg/kg with the maximum content in samples
taken at a distance of 2 m from the well (53—60 mg/kg, sampling site M1—M3). It should be noted
that the problem of the maximum allowable concentration (MAC) on the content of hydrocarbons
for the soil is practically not solved. Therefore, in the work of E.A. Rogozina (2006) it’s proposed to
assess the degree of pollution of soils by hydrocarbons by the excess of the content of HC over the
background value in a specific area and in a specific territory. At the same time, in particular, it is
indicated that for areas that do not produce oil, the background content of HC in the soil is
40 mg/kg, and for oil-producing areas — 100 mg/kg.

Under the classification of V.I. Uvarova (1989) according to the content of petroleum
hydrocarbons (mg/kg of dry soil) soils can be divided into: clean — 0-5.5, slightly polluted —
5.5—25.5, moderately polluted — 25.6—55.5, polluted — 55.6—205.5, dirty — 205.6—500, very dirty >
500. If to adhere to this classification, then among the samples of the studied soils there are the
following: clean — 0; slightly polluted — 2 samples (M4 and M5); moderately polluted — 1 sample
(M3); polluted — 2 samples (M1 and M2). As in the case of soil salinization with distance from the
well soil pollution by oil drops sharply and at a distance of 5 and 30 m are 15 and 9 mg/kg (M4 and
Mj5), which corresponds to slightly polluted soils. The differences in the content of oil products at
sampling sites M1 — M3 are statistically insignificant, which is due to the a priori conventionality of
the classification boundaries.
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Table 2. Physicochemical properties of soils in the Dzunbayan deposit

HC Water extract
Sample Description of soil sample ’ EC,
p p P mg/kg mS/em pH S**, /00
M1 Clay-sandy, yellow 60 3.09 8.15 1.63
M2 Clay-sandy, bright yellow 58 4.50 8.15 2.37
M3 Clay-sandy, yellow 53 2.68 8.16 1.41
Mg Sandy-clay, light yellow 15 0.74 8.67 0.30
Ms Sandy, light yellow 9 0.32 8.16 0.13

*— electrical conductivity, ** — salinity (salt content)

The content of heavy metals in the studied soil samples is presented in Table 3. According to
the standards established for sandy and loamy soils (HS 2.1.7.20.41-06), the excess of chromium at
average was 4.2 and arsenic — 9.5 MAC. It should be noted that data on As require clarification:
RFA analysis does not give a strictly quantitative assessment of its content in soils. However,
the tendency of its accumulation in the soils of Mongolia is noted by many authors. The content of
other rated metals did not exceed the MAC limits. The content of strontium, rubidium and cesium,
which are in large quantities in the studied soil samples, is not subject to rationing and reflects the
characteristics of the mineral composition of the soils of the studied geological province.

Table 3. The content of heavy metals in the soils of the Dzunbayan deposit, mg/kg

Element | M1 | M2 | M3 | M4 | M5 MAC
Cr 26 27 27 24 24 6.0
Cu 1 5 4 3 0 3.0
7n 32 34 32 30 31 23.0
Pb 36 34 35 35 34 32.0
Co 0 2 o 0 0 5.0
Ni 8 9 9 7 7 4.0
Sr 146 186 159 148 155 -
A% 21 28 21 16 18 150.0
Rb 159 146 155 157 155 -
Sn 3 3 3 3 3 -
Zr 715 834 837 747 423 -
As 19 20 19 19 17 2.0

Microbiological studies

The full functioning of the soil and its biotic functions are largely determined by the
microbial community. Microbiocenoses react very quickly to anthropogenic influences, which
makes it possible to quickly identify the most vulnerable ecological zones. Therefore, soil microbial
indicators are used for the purposes of environmental monitoring and assessment of the stability of
the ecosystem as a whole, especially under various anthropogenic loads.

The microbial community of soils and desert sands is poorly studied, and little attention is
paid to their role in self-purification of soil and sand of desert from petroleum hydrocarbons
(Kharusi et al., 2016; Joy et al., 2017). Due to the low content of moisture and organic matter, a
large temperature range, intensive solar irradiation and high alkalinity, the soil and sands of the
desert are a severe environment for the life of microorganisms (An et al., 2013; Baubin et al., 2019;
Pointing, Belnap, 2012; Schulze-Makuch et al., 2018; Quoreshi et al., 2019). Therefore,
hydrocarbons in desert soils become even more resistant for degradation by microorganisms
(Kharusi et al., 2016).

For the studied areas, the dependence of the total number of heterotrophic bacteria (TNH)
and hydrocarbon oxidizing bacteria (HOB) on the content of HC in soils was noted (Figure 2). With
the distance from the oil well and the decrease in the content of petroleum hydrocarbons (PH), the
number of microorganisms in the soil decreased. This is probably due to the fact that in sandy soils
that contain little organic matter, PH is practically the only source of organic matter, to whose

50




Biogeosystem Technique, 2019, 6(1)

content bacteria react with a change in abundance. Regular intake of small amounts of PH
stimulates the development of the hydrocarbon oxidizing ability of microorganisms (Alrumman et
al., 2015; Ebadi et al., 2018; Khan et al., 2018), at the same time, the salinity of soils polluted with
hydrocarbons may, on the contrary, suppress the activity of bacteria (Gao et al., 2015). In order to
undergo the processes of biodegradation of PH, the number of bacteria in the soil must be at least
103 CFU/g (Khan et al., 2018). A smaller number of bacteria indicates a high content of HP, which
have a toxic effect, blocking their enzymatic activity (Alrumman et al., 2015; Khan et al., 2018).
Bacterial communities clearly reveal the “concentration limit” of pollution of hydrocarbons, below
which microbial cenoses still cope with incoming hydrocarbons and stabilize the situation at 40—
60 mg/kg of dry soil (Kuznetsova, Dzuban, 2001).

In the case of the studied saline soils, it can be assumed that the microbial community is on
the verge of realizing the ability to self-purifying the soil and even a slight increase in the level of
PH in the soil can lead to irreversible changes in the composition of the microbial community and,
as a result, to chronic soil pollution.

HC, mg/kg

number of microorganisms, 10°CFU/g
o
T

Ml M2 M3 M4 M5
sampling points

Fig. 2. The number of bacteria and the content of petroleum hydrocarbons (PH) in the soils of the
Dzunbayan deposit: TNH — total number of heterotrophic bacteria, 1x10¢ CFU/g; HOB —number of
hydrocarbon oxidizing bacteria, 1x10° CFU/g; AM — actinomycetes number, 1x104 CFU/g

An important indicator of the potential activity of microbial communities involved in the
processes of soil self-purification is the content of HOB in it. It is believed that the proportion of
HOB in the community of heterotrophic bacteria of background natural objects does not exceed the
conditional level of 10 % (Patin, 2001). The proportion of HOB in the microbial communities of the
studied soils ranged from 12.6 % in the soil sample M5 to 18.9 % in sample M1, which indicates
their adaptation to pollution by hydrocarbons (Atlas, 1993; Peressutti et al., 2003; Zhang et al.,
2012).

In addition to changes in the number of bacteria, soil microbiocenoses respond to
environmental conditions by changing the ecological and trophic structure (Alrumman et al.,
2015). The microbial community of the studied soils was distinguished by an abundance of
pigmented colonies (Figure 3) and spore-forming bacteria. Bacteria pigments are secondary
metabolites, they protect them from the action of visible light and UV rays (Ordenes-Aenishanslins
et al.,, 2016). Pigmented forms of halophilic bacteria are often found in salt waters and soils
(Rekadwad et al., 2017). Bacterial spores allow microorganisms to survive in unfavorable living
conditions, they are resistant to elevated temperatures, radiation, chemicals, and tolerate the
absence of moisture.
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Fig. 3. Pigmented forms of heterotrophic soil microorganisms of the Dzunbayan deposit -
carotenoids (pink, orange color), melanin (black, brown): a, b — colonies of microorganisms
assimilating organic forms of nitrogen; c, d — colonies of microorganisms assimilating

the mineral forms of nitrogen (5 and 30 m from the well, respectively)

Typical representatives of soil microbiocenosis are actinomycetes (AM). They predominate in
dry alkaline soil (Bhatti et al., 2017). This group of microorganisms is actively developing in soils
rich in organic matter, they do not tolerate changes in humidity, temperature and pollution by
hydrocarbons (Bao et al., 2019). The number of AM in the studied soils was relatively small
(on average 104 CFU/g). As we approach the operating well, the number of actinomycetes in the
soil decreased from a maximum of 11.9 10° CFU/g in sample M5 to a minimum of 0.97 10° CFU/g
in sample M1, which indicates the inhibitory effect of hydrocarbons on actinomycetes. Microscopic
fungi that are typical representatives of soil microbiocenosis of all climatic zones were not detected
in the studied soil samples (Bao et al., 2019; Dighton, 1994; Grishkan, Nevo, 2010). Most likely, the
main factor affecting the absence of micromycetes in soils is the pH of the environment. The pH
values in the studied soils ranged from 8.15 to 8.67. Such pH values do not limit the development
of most ecological-trophic groups of bacteria, but they are extremely unfavorable for micromycetes,
preferring a slightly acid environment.
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According the data of this paper, sustainable solutions need to embed short-term
management in long-term landscape planning of oil production, transportation, and pollution
prevention. It is necessary to move from excessive exploitation in combination with environmental
protection, to sustainable use and management of the soil-water system (Keesstra et al., 2018) via
transcendental Biogeosystem Technique methodology (Kalinitchenko et al., 2016). The proposed
approach will help to implement LDN and to make a contribution to strategic world development
(Keesstra et al., 2018).

4. Conclusion

The identified physico-chemical features of the studied soils of the desert zone (particle size,
high pH values, salinity) together with specific climatic conditions and peculiarities of the oil
composition of the Dzunbayan deposit (prevalence of heavy paraffin fractions) characterize their
low potential for self-purification from pollution by hydrocarbons. However, a microbial
community has developed in the soils, adapted to specific conditions: increased insolation, salinity,
alkaline reactions of the environment and the presence of petroleum hydrocarbons. The content of
hydrocarbon oxidizing bacteria in the microbial community of the soil (within 20 %) corresponds
to the concentration boundary of pollution by hydrocarbons for the studied soils (up to 60 mg/kg)
and even a slight increase in the level of petroleum hydrocarbons entering the soil can lead to
irreversible changes in the composition of the microbial community and as a result — to chronic
soil pollution. Sustainable solutions for planning the oil production, transportation, and pollution
prevention will help to implement LDN and refine the currently not effective strategic world
development principles.

JInTeparypa

Bamonuna, Kopuarmna, 1973 — BadwHuna A.®., Kopuaeuna 3.A. (1973). MeTosbl
vccesieIoBaHusA (pU3MUECKUX CBOUCTB IMOYB U TpyHTOB. M.: M3/1-Bo BhIcias mkosia. 400 c.

I'H 2.1.7.20.41-06 — TH 2.1.7.20.41-06 IIpenenpHO nomyctuMmble KoHmeHTpanuu (IT1K)
XUMUYECKUX BEIECTB B MOUBe, [ UTHEeHNYeCcKe HOPMaTHUBBI.

I'OCT 17.4.3.01-83 — T'OCT 17.4.3.01-83. ITouBbl. OTOOp 1TP06 /1151 KOHTPOJIA 3arpsI3HEHUS.

I'OCT 17.4.4.02-84 — TOCT 17.4.4.02-84. IlouBbl. MeToabl 0TOOPA M MOATOTOBKH MPOO s
XUMHUUYECKOTO, DAKTEPHOJIOTUIECKOTO U TeIbMHUHTOJIOTUUECKOTO aHAJIU3A.

Kysnenosa, Jlyomnwmna, 2001 — KysHeuosa H.A, [[3w0ban A.H. (2001).
Mukpobuosiornyeckasi OlleHKa IOCTIeACTBUN HeTAHOTrO 3arps3HeHus: BojgoeMoB / CospemeHHble
npob.aemwt 2udpobuonoauu Cubupu: Tes. doka. Beecoros. koHg. Tomck. C. 123-124.

ITatun, 2001 — ITamun C.A. (2001). HedTh 1 3K0JI0TUSA KOHTHHEHTAIBHOTO Ieabda. M.:
BHUPO. 247 c.

IMHO ® 16.1:2.2.22—98, 2005 — ITH/] ® 16.1:2.2.22—98 (2005). MeTo/ilKa BBHINOJHEHNA
U3MEpPEeHUH MAacCOBOM [0y HePTENPOAYKTOB B MHHEPAJIbHBIX, OPraHOTE€HHBIX, OPTaHHO-
MUHEPAIBHBIX II0YBaX U JOHHBIX OTJIOKeHuAX MeTozoM NK-cniekrpomerpuu. M.: I'oc. koM. P® 110
OXpaHe OKpY’Kalolllel cpeJibl. 21 C.

HerpycoB u ap., 2005 — Hempycos A.HU., Ezoposa M.A., Baxapuyx JI.M. u ap. (2005).
[TpakTuKyM 0 MUKpPOOHOJIOTHH: Y4eOH. mocobue Iy CTyZ. BbIcul. yueb. 3aBeaeHuid. Ilog pen.
A.N. HerpycoBa. M.: U3a. LlenTp. «Akaaemusa». 608 c.

Porosuna, 2006 — Poecosuna E.A. (2006). AKTyasibHble BOIPOCHI IPOOJIEMBI OYUCTKHU
HedTe3arpsa3HeHHbIX MouB // Hegmezasosasn 2eonozusn. Teopus u npaxkmuxa, 1: 1—11. DOI:
10.17353/2070-5379/48_2016

CepebpsikoB, KonapatbeB, 2012 — Cepebpsakos A.O., Konopamves IO.K. (2012). Hedtb
MoOHTO/IMHA: MECTOPOXKIAeHUsl, (PUBUKO-XUMHUUYECKHUH cocTaB, 3amackl W Ao0biua // Il'eonozus,
2eozpagusn u 2n06arvHan aHepaus, 2(45): 21-26.

VYBaposa, 1989 — Yeaposa B.H. (1989). CoBpeMeHHO€e COCTOSIHHE YPOBHS 3arpsA3HEHHOCTH
Boz U TpyHTOB OOB-HpThINIcKOTO Oacceitna / Cob. Hayu. mp. ['ocHHUOPX, 305. C. 23—33.

Alrumman et al.,, 2015 — Alrumman S.A., Standing D.B., Paton G.I. (2015). Effects of
hydrocarbon contamination on soil microbial community and enzyme activity // Journal of King
Saud University — Science, 27: 31—41. DOI: 10.1016/j.jksus.2014.10.001

53




Biogeosystem Technique, 2019, 6(1)

An et al., 2013 — An S., Couteau C., Luo F., Neveu J., DuBow M.S. (2013). Bacterial Diversity
of surface sand samples from the Gobi and Taklamaken deserts // Microbial Ecology, 66: 850-
860. DOI: 10.1007/500248-013-0276-2

Atlas, 1993 — Atlas R.M. (1993). Bacteria and bioremediation of marine oil spills // Oceanus,
36: 71-80.

Bao et al., 2019 — Bao T., Zhao Y., Yang X., Ren W., Wang S. (2019). Effects of disturbance
on soil microbial abundance in biological soil crusts on the Loess Plateau, China // Journal of Arid
Environments, 163: 59-67. 5

Baubin et al., 2019 — Baubin C., Farrell A.M., Stovicek A., Ghazaryan L., Giladi 1., Gillor O.
(2019). Seasonal and spatial variability in total and active bacterial communities from desert soil //
Pedobiologia — Journal of Soil Ecology, 74: 7-14.

Bhatti et al., 2017 — Bhatti A.A., Haq S., Bhat R.A. (2017). Actinomycetes benefaction role in
soil ~and plant health //  Microbial Pathogenesis, 111: 458-467. DOI:
10.1016/j.micpath.2017.09.036

Dighton, 1994 — Dighton J. (1994). Analysis of micromycete communities in soil: a critique of
methods // Mycological Research, 98: 796—798. DOI: 10.1016/S0953-7562(09)81058-7

Ebadi et al., 2018 — Ebadi A., Sima N.A.K., Olamaee M., Hashemi M., Nasrabadi R.G.
(2018). Remediation of saline soils contaminated with crude oil using the halophyte Salicornia
persica in conjunction with hydrocarbon-degrading bacteria // Journal of Environmental
Management, 219: 260—268. DOI: doi.org/10.1016/j.jenvman.2018.04.115

Fraunhofer, 1817 — Fraunhofer J. (1817). Bestimmung des Brechungs- und des
Farbenzerstreungs-Vermogens verschiedener Glasarten, in Bezug auf die Vervollkommnung
achromatischer Fernrohre // Annalen der Physik, 56(7): 264-313.

Gao et al., 2015 — Gao Y., Wang J., Guo S., Hu Y., Li T., Mao R., Zeng D. (2015). Effects of
salinization and crude oil contamination on soil bacterial community structure in the Yellow River
Delta region, China // Applied Soil Ecology, 86: 165—-173. DOI: 10.1016/j.aps0il.2014.10.011

Grishkan, Nevo, 2010 — Grishkan I., Nevo E. (2010). Spatiotemporal distribution of soil
microfungi in the Makhtesh Ramon area, central Negev desert, Israel // Fungal Ecology, 3: 326-
337. DOI: 10.1016/j.funeco.2010.01.003

He et al., 2014 — He B., Cai Y., Ran W., Jiang H. (2014). Spatial and seasonal variations of
soil salinity following vegetation restoration in coastal saline land in eastern China // CATENA,
118: 147—-153. doi: 10.1016/j.catena.2014.02.007

Jambaajamts, Norjmaa, 1997 — Jambaajamts B., Norjmaa L. (1997). Meteorological
Observations Manual 38: Quality Control Manual of Meteorological Observations (in Mongolian).
NAMHEM: Ulaanbaatar.

Joy et al., 2017 — Joy S., Rahman P.K.S.M., Sharma S. (2017). Biosurfactant production and
concomitant hydrocarbon degradation potentials of bacteria isolated from extreme and
hydrocarbon contaminated environments // Chemical Engineering Journal, 317: 232—241. doi:
10.1016/j.cej.2017.02.054

Keesstra et al., 2016 — Keesstra S.D., Bouma J., Wallinga J., Tittonell P., Smith P., Cerda A.,
Montanarella L., Quinton J.N., Pachepsky Y., van der Putten W.H., Bardgett R.D., Moolenaar S.,
Mol G., Jansen B., Fresco L.O. (2016). The significance of soils and soil science towards realization
of the United Nations Sustainable Development Goals. Soil, 2: 111-128. DOI: 10.5194/s0il-2-111-
2016

Keesstra et al., 2018 — Keesstra S., Mol G., De Leeuw J., Okx J., Molenaar C., De Cleen M.,
Visser S. (2018). Soil-related sustainable development goals: Four concepts to make land
degradation neutrality and restoration work. Land, 7(4), 133. DOI: 10.3390/land7040133

Khan et al.,, 2018 — Khan M.A.L, Biswas B., Smith E., Naidu R., Megharaj M. (2018).
Toxicity assessment of fresh and weathered petroleum hydrocarbons in contaminated soil
(areview) // Chemosphere, 212: 755-767. DOI: 10.1016/j.chemosphere.2018.08.094

Kharusi et al., 2016 — Kharusi S.A., Abed R.M.M., Dobretsov S. (2016). EDTA addition
enhances bacterial respiration activities and hydrocarbon degradation in bioaugmented and non-
bioaugmented oil-contaminated desert soils // Chemosphere, 147: 279-286.

Lietal., 2011 — Li C,, Li Y., Ma J. (2011). Spatial heterogeneity of soil chemical properties at
fine scales induced by Haloxylon ammodendron (Chenopodiaceae) plants in a sandy desert //
Ecological Research, 26: 385-394. DOI: 10.1007/511284-010-0793-0

54




Biogeosystem Technique, 2019, 6(1)

Liu et al., 2016 — Liu B., Jin H., Sun Z., Zhao S. (2016). Geochemical weathering of aeolian
sand and its palaeoclimatic implications in the Mu Us Desert, northern China, since the Late
Holocene // Journal of Arid Land, 8: 647—659. DOI: 10.1007/s40333-016-0014-y

Ordenes-Aenishanslins et al., 2016 — Ordenes-Aenishanslins N., Anziani-Ostuni G., Vargas-
Reyes M., Alarcon J., Tello A., Pérez-Donoso J.M. (2016). Pigments from UV-resistant Antarctic
bacteria as photosensitizers in dye sensitized solar cells // Journal of Photochemistry and
Photobiology B: Biology, 162: 707—714. DOI: 0.1016/j.jphotobiol.2016.08.004

Peressutti et al., 2003 — Peressutti S.R., Alvarez H.M., Pucci O.H. (2003). Dynamics of
hydrocarbon-degrading bacteriocenosis of an experimental oil pollution in Patagonian soil //
International Biodeterioration & Biodegradation, 52: 21-30. DOI: 10.1016/S0964-8305(02)00102-6

Pointing, Belna, 2012 — Pointing S.B., Belnap J. (2012). Microbial colonization and controls
in dryland systems // Nature Reviews Microbiology, 10: 551-562. DOI: 10.1038 /nrmicro2831

Quoreshi et al., 2019 — Quoreshi A.M., Suleiman M.K., Kumar V., Manuvel A.J., Sivadasan
M.T., Islam M.A., Khasa D.P. (2019). Untangling the bacterial community composition and
structure in selected Kuwait desert soils // Applied Soil Ecology, 138:1-9. DOI:
10.1016/j.aps0il.2019.02.006

Rekadwad, Khobragade, 2017 — Rekadwad B.N., Khobragade C.N. (2017) Morphotypes and
pigment profiles of halophilic bacteria: Practical data useful for novelty, taxonomic categorization
and for describing novel species or new taxa // Data in Brief, 13:609-619. DOI:
10.1016/j.dib.2017.06.039

Schulze-Makuch et al., 2018 — Schulze-Makuch D., Wagner D., Kounaves S.P., Mangelsdorf
K., Devine K.G., Vera J.-P., Schmitt-Kopplin P., Grossart H.-P., Parro V., Kaupenjohann M., Galy
A., Schneider B., Airo A., Frosler J., Davila A.F., Arens F.L., Caceres L., Cornejo F.S., Carrizo D.,
Dartnell L., DiRuggiero J., Flury M., Ganzert L., Gessner M.O., Grathwohl P., Guan L., Heinz J.,
Hess M., Keppler F., Maus D., McKay C.P., Meckenstock R.U., Montgomery W., Oberlin E.A.,
Probst A.J., Saenz J.S., Sattler T., Schirmack J., Sephton M.A., Schloter M., Uhl J., Valenzuela B.,
Vestergaard G., Wormer L., Zamorano P. (2018). Transitory microbial habitat in the hyperarid
Atacama Desert // PNAS, 115: 2670-2675. DOI: 10.1073/pnas.1714341115

Shein et al., 2017 — Shein E.V., Kharitonova G.V., Bayasgalan Amgalan, Gantumur
Sambuu, Krutikova V.O., Kharitonov E.V. (2017). Salt Neoformations in Soils of Central Mongolia
// Biogeosystem Technique, 4(1): 66—81. DOI: 10.13187/bgt.2017.1.66

Wolform, 2011 — Wolform R.L. (2011). The language of particle size // J. GXP Compliance,
15(2): 10-20.

Zhang et al., 2012 — Zhang D., Mortelmaier C., Margesin R. (2012). Characterization of the
bacterial archaeal diversity in hydrocarbon-contaminated soil // Science of The Total
Environment, 421-422: 184—196. DOI: 10.1016/j.scitotenv.2012.01.043

References

Alrumman et al.,, 2015 — Alrumman S.A., Standing D.B., Paton G.I. (2015). Effects of
hydrocarbon contamination on soil microbial community and enzyme activity. Journal of King
Saud University — Science, 27: 31-41. DOI: 10.1016/j.jksus.2014.10.001

An et al,, 2013 — An S., Couteau C., Luo F., Neveu J., DuBow M.S. (2013). Bacterial Diversity
of surface sand samples from the Gobi and Taklamaken deserts. Microbial Ecology, 66: 850-860.
DOI: 10.1007/500248-013-0276-2

Atlas, 1993 — Atlas R.M. (1993). Bacteria and bioremediation of marine oil spills. Oceanus,
36: 71-80.

Bao et al., 2019 — Bao T., Zhao Y., Yang X., Ren W., Wang S. (2019). Effects of disturbance
on soil microbial abundance in biological soil crusts on the Loess Plateau, China. Journal of Arid
Environments, 163: 59-67.

Baubin et al., 2019 — Baubin C., Farrell A.M., Stoviéek A., Ghazaryan L., Giladi I., Gillor O.
(2019). Seasonal and spatial variability in total and active bacterial communities from desert soil.
Pedobiologia — Journal of Soil Ecology, 74: 7-14.

Bhatti et al., 2017 — Bhatti A.A., Haq S., Bhat R.A. (2017). Actinomycetes benefaction role in
soil and plant health. Microbial Pathogenesis, 111: 458-467. DOI: 10.1016/j.micpath.2017.09.036

Dighton, 1994 — Dighton J. (1994). Analysis of micromycete communities in soil: a critique of
methods. Mycological Research, 98: 796—798. DOI: 10.1016/S0953-7562(09)81058-7

55




Biogeosystem Technique, 2019, 6(1)

Ebadi et al., 2018 — Ebadi A., Sima N.A.K., Olamaee M., Hashemi M., Nasrabadi R.G.
(2018). Remediation of saline soils contaminated with crude oil using the halophyte Salicornia
persica in conjunction with hydrocarbon-degrading bacteria. Journal of Environmental
Management, 219: 260—268. DOI: doi.org/10.1016/j.jenvman.2018.04.115

END F 16.1:2.2.22—98, 2005 — END F 16.1:2.2.22—98. (2005). Methods of measurements of
mass fraction of petroleum products in mineral, organogenic, organ-mineral soils and sediments
by IR spectrometry. M.: State Com. of RF. for Env. Protection. 21 p.

Fraunhofer, 1817 — Fraunhofer J. (1817). Bestimmung des Brechungs- und des
Farbenzerstreungs-Vermdégens verschiedener Glasarten, in Bezug auf die Vervollkommnung
achromatischer Fernrohre. Annalen der Physik, 56(7): 264-313.

Gao et al., 2015 — Gao Y., Wang J., S. Guo, Hu Y., Li T., Mao R., Zeng D. (2015). Effects of
salinization and crude oil contamination on soil bacterial community structure in the Yellow River
Delta region, China. Applied Soil Ecology, 86: 165—173. DOI: 10.1016/j.apsoil.2014.10.011

Grishkan, Nevo, 2010 — Grishkan I., Nevo E. (2010). Spatiotemporal distribution of soil
microfungi in the Makhtesh Ramon area, central Negev desert, Israel. Fungal Ecology, 3: 326-337.
doi: 10.1016/j.funeco.2010.01.003

He et al., 2014 — He B., Cai Y., Ran W., Jiang H. (2014). Spatial and seasonal variations of
soil salinity following vegetation restoration in coastal saline land in eastern China. CATENA, 118:
147-153. DOI: 10.1016/j.catena.2014.02.007

HS 2.1.7.20.41-06 — HS 2.1.7.20.41-06 Maximum allowable concentrations (MACs) for
chemicals in the soil. Hygienic standards.

IS 17.4.3.01-83 — IS 17.4.3.01-83. Soils. Sampling for pollution control.

IS 17.4.4.02-84 — IS 17.4.4.02-84. Soils. Methods for sampling and sample preparation for
chemical, bacteriological and helminthological analysis.

Jambaajamts, Norjmaa, 1997 — Jambaajamts B., Norjmaa L. (1997). Meteorological
Observations Manual 38: Quality Control Manual of Meteorological Observations (in Mongolian).
NAMHEM: Ulaanbaatar.

Joy et al., 2017 — Joy S., Rahman P.K.S.M., Sharma S. (2017). Biosurfactant production and
concomitant hydrocarbon degradation potentials of bacteria isolated from extreme and
hydrocarbon contaminated environments. Chemical Engineering Journal, 317: 232-241. DOL:
10.1016/j.cej.2017.02.054

Kalinitchenko et al., 2016 — Kalinitchenko Valery, Abdulmalik Batukaev, Ali Zarmaev,
Viktor Startsev, Vladimir Chernenko, Zaurbek Dikaev, Svetlana Sushkova (2016). Biogeosystem
technique as the way to certainty of soil, hydrosphere, environment and climate. EGU General
Assembly. Vienna, 2016. Geophysical Research Abstracts. Vol. 18, EGU2016-3419.

Keesstra et al., 2016 — Keesstra S.D., Bouma J., Wallinga J., Tittonell P., Smith P., Cerda A.,
Montanarella L., Quinton J.N., Pachepsky Y., van der Putten W.H., Bardgett R.D., Moolenaar S.,
Mol G., Jansen B., Fresco L.O. (2016). The significance of soils and soil science towards realization
of the United Nations Sustainable Development Goals. Soil, 2: 111-128. DOI: 10.5194/s0il-2-111-
2016

Keesstra et al., 2018 — Keesstra S., Mol G., De Leeuw J., Okx J., Molenaar C., De Cleen M.,
Visser S. (2018). Soil-related sustainable development goals: Four concepts to make land
degradation neutrality and restoration work. Land, 7(4), 133. DOI: 10.3390/land7040133

Khan et al.,, 2018 — Khan M.A.L., Biswas B., Smith E., Naidu R., Megharaj M. (2018).
Toxicity assessment of fresh and weathered petroleum hydrocarbons in contaminated soil (a
review). Chemosphere, 212: 755-767. DOI: 10.1016/j.chemosphere.2018.08.094

Kharusi et al.,, 2016 — Kharusi S.A., Abed R.M.M., Dobretsov S. (2016). EDTA addition
enhances bacterial respiration activities and hydrocarbon degradation in bioaugmented and non-
bioaugmented oil-contaminated desert soils. Chemosphere, 147: 279-286.

Kuznetsova, Dzuban, 2001 - Kuznetsova I.A., Dzuban A.N. (2001). Microbiological
evaluation of the impact of oil pollution on reservoirs. Modern problems of hydrobiology of Siberia:
Tez. Rep. Vsesojuz. conf. Tomsk. pp. 123-124.

Lietal.,, 2011 - Li C, Li Y., Ma J. (2011). Spatial heterogeneity of soil chemical properties at
fine scales induced by Haloxylon ammodendron (Chenopodiaceae) plants in a sandy desert.
Ecological Research, 26: 385-394. DOI: 10.1007/511284-010-0793-0

56




Biogeosystem Technique, 2019, 6(1)

Liu et al., 2016 — Liu B., Jin H., Sun Z., Zhao S. (2016). Geochemical weathering of aeolian
sand and its palaeoclimatic implications in the Mu Us Desert, northern China, since the Late
Holocene. Journal of Arid Land, 8: 647-659. DOI: 10.1007/s40333-016-0014-y

Netrusov et al., 2005 — Netrusov A.l., Yegorova M.A., Zaharchuk L.M. et al. (2005).
Workshop on microbiology (ed. Netrusov A.I.) M.: Izd. Centre «Akademiya». 608 p.

Ordenes-Aenishanslins et al., 2016 — Ordenes-Aenishanslins N., Anziani-Ostuni G., Vargas-
Reyes M., Alarcon J., Tello A., Pérez-Donoso J.M. (2016). Pigments from UV-resistant Antarctic
bacteria as photosensitizers in dye sensitized solar cells. Journal of Photochemistry and
Photobiology B: Biology, 162: 707-714. DOI: 0.1016/j.jphotobiol.2016.08.004

Patin, 2001 — Patin S.A. (2001). Oil and ecology of the continental shelf. M.: VNIRO. 247 p.

Peressutti et al., 2003 — Peressutti S.R., Alvarez H.M., Pucci O.H. (2003). Dynamics of
hydrocarbon-degrading bacteriocenosis of an experimental oil pollution in Patagonian soil.
International Biodeterioration & Biodegradation, 52: 21-30. DOI: 10.1016/S0964-8305(02)00102-6

Pointing, Belna, 2012 — Pointing S.B., Belnap J. (2012). Microbial colonization and controls
in dryland systems. Nature Reviews Microbiology, 10: 551-562. DOI: 10.1038/nrmicro2831

Quoreshi et al., 2019 — Quoreshi A.M., Suletman M.K., Kumar V., Manuvel A.J., Stvadasan
M.T., Islam M.A., Khasa D.P. (2019). Untangling the bacterial community composition and
structure in selected Kuwait desert soils. Applied Soil Ecology, 138:1-9. DOI:
10.1016/j.aps0il.2019.02.006

Rekadwad, Khobragade, 2017 — Rekadwad B.N., Khobragade C.N. (2017). Morphotypes and
pigment profiles of halophilic bacteria: Practical data useful for novelty, taxonomic categorization
and for describing novel species or new taxa. Data in Brief, 13:609-619. DOI:
10.1016/j.dib.2017.06.039

Rogozina, 2006 — Rogozina E.A. (2006). Topical issues of purification of oil contaminated
soil. Oil and gas geology. Theory and practice, 1: 1-11. DOI: 10.17353/2070-5379/48_2016

Schulze-Makuch et al., 2018 — Schulze-Makuch D., Wagner D., Kounaves S.P., Mangelsdorf
K., Devine K.G., Vera J.-P., Schmitt-Kopplin P., Grossart H.-P., Parro V., Kaupenjohann M., Galy
A., Schneider B., Airo A., Frosler J., Davila A.F., Arens F.L., Caceres L., Cornejo F.S., Carrizo D.,
Dartnell L., DiRuggiero J., Flury M., Ganzert L., Gessner M.O., Grathwohl P., Guan L., Heinz J.,
Hess M., Keppler F., Maus D., McKay C.P., Meckenstock R.U., Montgomery W., Oberlin E.A.,
Probst A.J., Saenz J.S., Sattler T., Schirmack J., Sephton M.A., Schloter M., Uhl J., Valenzuela B.,
Vestergaard G., Wormer L., Zamorano P. (2018). Transitory microbial habitat in the hyperarid
Atacama Desert. PNAS, 115: 2670-2675. DOI: 10.1073/pnas.1714341115

Serebriakov, Kondratiev, 2012 — Serebriakov A.O., Kondratiev Yu.K. (2012). Mongolian oil:
physical and chemical structure, resources and ways of oil output. Geology, geography and global
energy, (45): 21-26.

Shein et al., 2017 — Shein E.V., Kharitonova G.V., Bayasgalan Amgalan, Gantumur
Sambuu, Krutikova V.0., Kharitonov E.V. (2017). Salt Neoformations in Soils of Central Mongolia.
Biogeosystem Technique, 4(1): 66-81. DOI: 10.13187/bgt.2017.1.66

Uvarova, 1989 — Uvarova V.1I. (1989). Current status of pollution in waters and soils the Ob-
Irtysh basin. Coll. researcher. tr. GosNIORH. 305: 23-33.

Vadjunina, Korchagina, 1973 — Vadjunina A.F., Korchagina Z.A. (1973). Methods of research
on the physical properties of soils. Vysshaya Shkola: Moscow. 400 p.

Villacis et al., 2016 — Villacis J., Casanoves F., Hang S., Keesstra S., Armas C.
(2016). Selection of forest species for the rehabilitation of disturbed soils in oil fields in the
Ecuadorian Amazon. Science of the Total Environment,566—567:761—770. DOI:
https://doi.org/10.1016/j.scitotenv.2016.05.102

Wolform, 2011 — Wolform R.L. (2011). The language of particle size. J. GXP Compliance,
15(2): 10-20.

Zhang et al., 2012 — Zhang D., Mortelmaier C., Margesin R. (2012). Characterization of the
bacterial archaeal diversity in hydrocarbon-contaminated soil. Science of The Total Environment,
421—422: 184-196. DOI: 10.1016/j.scitotenv.2012.01.043

57




Biogeosystem Technique, 2019, 6(1)

BuoreoxuMuyeckas XapakTepHUCTHKA IOYB parioHa HedTenoobrun [I[3yHOasaH
(Bocrounasa MoHro/mnsa)

Fartymyp Cambyy 2, Jlronmuiia AnekcanapoHa ['aperosa P, Esiena JibBoBHa MIMpaHoBa b,
Oubra AnekcaugpoBHa Kupuenko b, Hatanbsa KoncrantuHoBHa @uirep P, Fantymyp XaauyH 2-¢,
TFaynuna BragumuposHa XaputoHosa P *

a MOHTOJILCKUU TOCY/IaPCTBEHHBIN YHUBEPCUTET HAYKH M TEXHOJIOTHH, MOHTOJIHSA

bHCcTHTYT BosiHbIX 11 dKomoruyeckux [Ipo6iem, /laibHeBocTouHOE oTaenenne PAH, XabapoBck,
Poccuiickas ®enepariust

¢ IlekuHckuit yauuBepcureT HedpTr, KHP

Annoramusa. [IpencraBieHsl JaHHBIE IO TPAHYJIOMETPUUYECKOMY COCTaBY, COJIEPKAHUIO
XUMUYECKUX KOMIIOHEHTOB M YMCJIEHHOCTHM MHKPOOPTAaHM3MOB B IIOYBAX y4YacTKa HedTemo0bIuu
Jzyubasa (Bocrounoe I'obu). Hcciemyemble TIOYBBI — XapaKTEPU3YIOTCA  OUMOJIAIBHBIM
pacmpesieJieHHeM YaCTHUIl: OCHOBHAsA Gpakius — rpyObIil ecok (200—2000 MKM), OHA COCTaBJISET
0T 40 70 60 %. Eil comyrcTByeT Qpakius TOHKOH NbLIH (2—20 MKM), COZEpKaHHE KOTOPOH
mocturaer 17 %. B mouBax BBIABJIEHO IOBBIIIEHHOE COJEP:KAaHUE XpOMa, MEAW, CTPOHIHS,
pyouaus, 1e3Usi U MBIIIbsKA, OTPajKalollee TeOXUMHUYECKYIO CIIeNN(MUKY TaHHOU reoIOTUYecKOH
POBUHIIUY. Beiie/icTBHE apUIHOTO XapakTepa KJIMMaTa UCCIeAyeMble IIOYBbI UMEIOT IEeI0YHYIO
peaknuo cpenbl pH 8.2—8.7. He3acosieHHble HAa KOHTPOJIBHBIX YYaCTKAaX PAJIOM CO CKBAaXKMHOU
OHH CHWJIBHO 3acojieHbl (cozepskaHHWe COJIeH JocThraer 0.7—1.2%), 4YTo O0O0yCJIOBJIEHO
HICII0JI3yEeMbIMH TEXHOJIOTHAMH 00bun HedTu. Cozeprkanre HedTAHBIX yryieBogopoaos (HY) B
[IOYBAaX HCCIEAYEMOTO YYacTKa BapbUpyeT OT 9 70 60 Mr/Kr IpH MakCUMyMe BOJIU3U
SKCIUTyaTallMOHHOM CKBXXUHBI. MUKpOOHOe COOOINeCTBO IOYB 10 pAAY NPHU3HAKOB
XapaKTepu3yeTcss BBICOKON CTEMEHBI0 aJanTallid K YCJIOBUSAM apUAHOU 30HBI, COJIEHOCTH,
BBICOKMM 3HaueHUAM PH, B TO ke BpeMs 3TH yCJIOBUS OTPAHUUYMBAIOT PA3BUTHE TUIIMYHBIX
IIpE/ICTABUTEJIEl TOYBEHHBIX MHUKPOOOIIEHO30B — AKTHHOMUIIETOB U B OOJIBIIEH CTENEeHU
MUKPOCKOIIMUECKNX TpuboB. OOImas dYHCIEHHOCTh rerepoTpodHblx Oakrepuin (OUI) B
HCC/IEIOBAaHHBIX ITOYBEHHBIX 00pasmax BapbUpoBajia B mpezenax 1.22-3.49 10° KOE/r cyxoi
MTOYBBI, J10J1s1 HedTeokucaawnux bakrepuit (HOB) cocrasisiia 12.6-18.9 % ot OUTI. CoxeprkaHue
HOB B MukpoOHOM coobIiecTBe MOYBHI (B Ipezesiax 20 %) COOTBETCTBYET KOHIIEHTPAIMOHHOU
rpaHulle HepTIHOTO 3arpA3HEHUA JJI UCCIEIOBAHHBIX ITOYB (10 60 MTI'/KT), UTO YKa3bIBa€eT Ha TO,
YTO MUKPOOHOE COOOIIECTBO HAXOAUTCS HA TPAHU PEATU3AIUH CIIOCOOHOCTH K CAMOOYHUIIEHUIO
IIOYBBI. BbIsIBIIeHHBIE DUBUKO-XUMHUYECKHE 0COOEHHOCTH UCCJIEZIOBAHHBIX [TOYB ITyCTBIHHOM 30HBI
(ToMUHHpOBaHME MecYaHbIX (PAKIUHA, BHICOKHE 3HAUYeHHs PH, COJIEHOCTh) B COBOKYITHOCTH CO
cnenudUYECKUMH  KJINMAaTUYEeCKHMMHU YCJIOBHSMH U OCOOEHHOCTAMHU  cocTaBa HedTH
MecTopoxk/iennsa JI3yHOasH (mpeobsajlanue TsKeNIbIX mapaUHOBBIX (PAKIHI) XapaKTEPU3YIOT
UX HU3KYIO OTEHITHAJIBHYIO CIIOCOOHOCTH K CAMOOYHUIIEHUIO OT HE(DTIHOTO 3arpsi3HEHUS.

KirroueBbie ciioBa: HedTeoObIYa, TIOYBBI, OCOJIOHEHHOCTD, 3arpsi3HEHUE, YIJIEBOIOPO/IbI,
OakTepuu, MOHTOJTHS.

* KoppeclmoHAUPYIOLIHUEH aBTOP
Anpeca asekTpoHHOH mouTsl: gkharitonova@mail.ru (I'.B. Xapuronosa)
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