UDC 628.196
NEUTRALIZATION OF PHENOL-CONTAMINATED SOILS

R.G. Hasanov, G.S. Hasanov, V.K. Valiev

Azerbaijan State Qil and Industry University,
34, Azadliq Ave., Baku, Azerbaijan, AZ1010, e-mail: gaman51@mail.ru

Received 12.03.2022
Accepted 23.05.2022

Abstract: To eliminate the consequences of accidental spill of phenol, the results of neutralization of soils
contaminated with phenol are presented. As for the analysis of soils by the geological-lithological section it
was found that in areas of phenol contamination the soil has a surface soil-plant layer with a thickness of
about 0.5m, then there is a heavy clay layer with a thickness of up to 7.0 m and finally a sand layer saturated
with groundwater is observed. It revealed that according to physical and mechanical properties, the solid
mineral phase of the soil corresponds to a hard plastic and semi-solid consistency of clays. It showed that
the filtration of water through the bottom and walls on the area of the former burial of the tank is complicat-
ed because of closer to zero water permeability of soil strata due to clay rock. Mineralogical and chemical
composition of soils contaminated with phenol is determined. An environmentally safe method of neutraliz-
ing phenol-containing soils is developed with a neutralizing composition based on quicklime and bentonite
which simplifies the neutralization method of soils contaminated with phenol. Environmental safety was ob-
served in the absence of phenol in water extracts from soils and the in treatment process permissible for the
environment pH. Essence of proposed method lies in chemical inactivation of phenol based on its transfor-
mation into slow-moving water-insoluble compound - calcium phenolate. Decontamination product of phe-
nol-containing soil is the smallest capsules comprising soil particles and immobilized phenol in the form of
calcium phenolate. Material of the capsule represented by calcium hydroxide is neutralized over time by
bentonite and CO, from air resulting in the formation of hydrophobic silicate and calcium carbonate which
gives capsules high strength properties. The research into the neutralized phenol containing soil for phenol in
water extracts showed that the proposed method is simple, ecologically safe, causes no recontamination of
environment with pollutants and provides the phenol content in soils within MAC.
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Introduction

Issues of treatment, neutralization, utilization of wastewater and soils are integral part of
nature protection, environmental improvement, and provision of sanitary improvement of
settlements [1]. Phenols are one of the most dangerous pollutants of surface and ground waters.
Penetration of insignificant amount of phenol compounds into a water body reduces its ability to
self-regenerate with existing biocenosis and the impossibility of further deactivation of pollution [2,
3]. The existing methods for restoring the ecology polluted with phenol are mainly aimed at treating
surface or waste waters [4-8]. Study of methods and evaluation of the results of treating soils
contaminated with phenol are calculated in units [9,10]. These works consider the methods of bio-
logical recultivation of soils contaminated with phenol. The use of the above-mentioned methods is
impractical due to the high physical and material costs as well as the long period (about a year) for
soil detoxification.

The aim of this article is to develop an environmentally safe method of neutralizing phenol-
containing soils to normalize the ecological state of the disturbed area.

Experimental part

The research object is the phenol-containing soils of the territory of the Padar station in
Hajigabul region of Azerbaijan, where, after an emergency situation in 1986, a railway tank car
with phenol was buried (39°05'31”, 39°00'33” N and 48°03'61", 49°02'71" E). Based on complaints
of nearby settlements on the specific smell of phenol, in 2014 the measures were taken to extract
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and remove the railway tank car from the burial site. To date, the sites of the railway accident and
the former location of the railway tank car with phenol are a pit, into which the content of railway
tank was poured. Based on the data obtained as a result of environmental monitoring of the territory
contaminated with phenol, it was found that the content of the pit and its surroundings are represent-
ed by hyperhumid clay soil, a highly concentrated dispersed system consisting of a liquid (phenol +
water) and a solid dispersed phase. The liquid phase of the soil is a solution consisting of water-
soluble salts that moved to it from the soil, soluble corrosion products of the tank which had been in
the soil for a long time before it was removed, and phenol spilled from the tank. When adjusted for
the fact that the composition and properties of the liquid phase of the soil can affect the effectiveness
of the method used for neutralization of phenol-containing soil, its acidity level (pH), mineralization,
the initial value of chemical oxygen demand (COD), and the concentration of phenol were deter-
mined. The acidity (pH) of water was determined by direct potentiometry [11]. The level of mineral-
ization of the liquid phase of the soil was determined by the gravimetric method by the amount of
dry residue obtained by water evaporation (t=105 0C) [12]. Granulometric composition of soils was
determined in line with GOST 12536-79 while the chemical composition was determined using X-
ray spectrometer S8 TIGER (Germany, BRUKER), and mineralogical composition was determined
using MiniFlex 600 X-ray diffraction meter (Rigaku Corporation, Japan). Analysis of water samples
for phenol content was carried out in keeping with [13] Carry-50 spectrophotometer (Varian, Aus-
tralia) and «Termofinigan Trace DSQ Xromato-Mass spektrometre» with SPME autoanalyzer with
addition of Fluoro-Fenol internal standards («Thermo Electron Chromatography and MassSpec-
trometry Division», USA). Typical chromatogram of phenol in groundwater taken from drilled wells
at a dilution of 2500 times is shown in Fig.1, where the peak at 5.73 min corresponds to phenol. Phe-
nol content in soils and their neutralization was carried out by means of the author's methods [14,15].
Experiments on neutralization of soils were carried out both with samples of soils contaminated
with phenol taken from the area of the accidental spill, and with samples of clean soils from the
same area previously contaminated with phenol. In the samples of phenol-containing soils taken
from the area of an emergency spill, the initial content of phenol was preliminarily determined.
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Fig. 1. Chromatogram of phenol in the composition of groundwater taken from drilled wells.

Contamination of clean soil samples with phenol taken from the emergency area was carried out as
follows. Clean soil sample previously separated from roots and possible impurities (stones), was
placed in a crucible and dried in thermostat at 105°C to a constant weight. For experiments, samples
of clean soil were taken in an amount of ~20 g, which were soaked with an aqueous solution of
phenol. To study the neutralization process phenol content in toxic soil was 2.0% mass. Further
[15], the soil contaminated with phenol is mixed with a neutralizing composition which is a mixture
of jointly crushed quicklime and bentonite, at a ratio of components of 4:1, respectively, with nec-



essary amount of mixing water. Experiments revealed that the neutralizing composition with a ratio
of 4:1 of quicklime components to bentonite allows detoxification of soil contaminated with phenol
to ensure the ecological safety for environment. When quicklime content in the decontaminating
composition goes down the specified value of this amount, it is insufficient for complete coating of
soil components and the formation of capsules, and besides, it is impractical due to overspending of
the ingredient. When bentonite content in the decontaminating composition is below this value, the
complete neutralization of calcium hydroxide, hydrophobization and sufficient strength properties
of the surface of the resulting capsules are not ensured, and above - it is impractical due to over-
spending of the ingredient.

Results and discussion

As is known, when hazardous substances are discharged onto the soil surface, the primary
task is to eliminate the consequences of the emergency situation, or to reduce the possibility of their
spread in the environment. It is particularly important to prevent the discharge of harmful substanc-
es into ground or surface water during the transfer. Owing to the fact that phenol is a toxic sub-
stance of the 2nd class, its concentration is strictly regulated by sanitary norms and rules, the con-
tent of harmful substances in water and soil according to their maximum permissible concentration
(MPC), which is a criterion of safety and harmlessness to humans. According to [16-18], MPC for
phenol in soil and water in water protection areas and nature reserves is 50 mg/kg and 20 pg /1, re-
spectively. Our studies found that phenol content in contaminated area in soil significantly exceeds
MPC (by more than 1000 times).

To predict the migration processes of the harmful substance for reducing harmful effects, it
is necessary to know the properties of substances and the composition of soils. The migration of
substances in the soil can lead to both the accumulation of a substance in soil profile and its removal
outside the horizon or profile. Immobilization processes are accompanied by processes leading to
the redistribution of a substance between the solid and liquid phases of soil. The solid mineral phase
of the soil, depending on the mechanical and mineral composition, has more or less active surface
capable of absorbing organic and organic-mineral compounds; absorption is highly expressed in
soils enriched with clay minerals (montmorillonite), having an active surface of up to 500 m%(g
[19]. Such absorption of a substance in soil profile leads to its accumulation. Comparing to accumu-
lation process of a substance in soil profile its removal outside the profile occurs by a top-down
gravitational current of water caused by atmospheric precipitates or melt water. The deepening of a
substance into soil profile is a case of filtration under the impact of gravi-tational forces.

Based on the above, the methods of transfer, migration of a substance in soil body, a specific
case of phenol migration in the soil and soil pollution area will also depend both on the properties of
phenol (on its solubility in water) and on the mechanical and mineral composition of the soil in the
territory under consideration. In line with the data of the geological section, the soil has a surface
layer with a thickness of about 0.5 m, then there is a thick clay layer with thickness of up to 7.0 m,
then a sandy layer with groundwater can be observed. Studies showed that, in terms of physical and
mechanical properties, the solid mineral phase of the soil corresponds to semi-hard and hard-plastic
clays. According to the granulometric composition in clayey rocks, on average, the fraction of sand,
dust, and clay is 17.0, 39.2, and 43.8%, respectively.

The density of clays in natural and dry state is 1.89 and 1.54 g/cm® on average. Porosity of
the rock is 43.71% and porosity factor equals to -0.777. Humidity indicators are average 0.81, total
moisture capacity is 0.28. In line with the data on the composition of soils, it was found that water
filtration through the bottom and walls of the pit is complicated due to the close to zero water per-
meability of soil layer surrounding the pit due to the clay rock that composes it (filtration coefficient
- 0.005 m / day). Partial retention of spilled phenol in accident site is explained by its relatively
good solubility in water (about 8.0% mass), as well as its absorptivity in mineral components of soil
[19]. The results of the analysis of mineralogical and chemical composition of soils are presented in
Tables 1 and 2. The composition of the liquid phase is presented in Table 3.



Table 1. Mineralogical composition of phenol-contaminated soils (mass %)

SiO, | Feld- | CaCO3 | CaSO4-:2H,0 | Montmo- | lllite | Kaolinite | Fe,Os | Volcanic
spar rillonite ash
11.2 | 95 5.8 3.8 38.1 8.6 75 5.5 10.0

Table 2. Chemical composition of phenol-contaminated soils (mass %)

Na,O MgO A|203 SIOZ P,Os5 SO3 K,O| CaO TIOZ Fe,O3| MnO LOSS*
141 | 281 | 14.23 | 51.02 | 0.021 | 1.32 | 2.22 | 4.83 | 0.785 | 552 | 0.04 15.7

*Note: loss at high-temperature, 950 °C.

Table 3. Results of analysis of liquid phase of soil

Component composition and properties Meaning
Mineralization, mg/I 580.0
pH 5.7-6.0
COD, mgO,/I 105.0
Fenol, mg/l 1000.0

As seen from Table 3, water is highly mineralized. The obtained COD value shows the pres-
ence of water pollution by organic and inorganic easily oxidized substances, including phenol, which
is confirmed by its pH value in acidic region. In turn, an acidic environment slows down the process-
es of self-purification, which is typical for natural water bodies and contributes to the stabilization of
organic impurities in them [20].

Self-purification of water from phenol occurs in the process of biochemical oxidation under
the impact of enzymes produced by microorganisms. Biochemical self-purification is a consequence
of the transformation of substances performed by hydrobentonite. However, owing to the extreme
toxicity of phenol and the suppression of all microfloras in the aquatic environment at its concentra-
tion of already 75mg/I, it inhibits the biological treatment process. In reality, in water phase of soil at
the accident site, the concentration of phenol is more than 1000mg/I.

Based on this, we can conclude that if the existing system, represented by the content of a pit
with phenol-containing soil, is not subjected to special impact of cleaning it from phenol, then it will
not be able to free itself from phenol in self-purification processes. Thus, soils with a low potential
for self-purification and a high content (above the standard) of toxicants are subject to rehabilitation,
neutralization and remediation.

After mixing the decontamination composition with phenol-containing soil a dry powdered
decontamination product is formed as a result of exothermic lime hydration reaction. Research re-
sults of biological recultivation methods of soils contaminated with phenol indicate that the use of
the above methods is impractical due to the high physical and material costs, as well as the long pe-
riod (about a year) for soil detoxification [9,10].

In this regard, to normalize the environmental situation in the emergency area, we have de-
veloped a method for neutralizing soils contaminated with phenol [15]. The purpose was to simplify
the method of neutralizing soils contaminated with phenol, reduce their detoxification time with en-
suring ecological safety for the environment of their neutralization products. Environmental safety
was seen in the absence of phenol in water extracts from soils and soils within MPC [16-18] and the
achievement of pH value acceptable for environment during the purification process. For this pur-
pose, we have used a chemical method of phenol inactivation based on its conversion into a com-
pound weakly soluble in water - calcium phenolate, followed by immobilization of the latter in soil
neutralization products. The chemistry of decontamination process of phenol using this method is
expressed by two main reactions:



Ca0 + H,0 — Ca(0H), + 11164K] /kg

Ca(OH), + 2C,H-0H —1 Ca(C,H-0), + 2H,0

In the proposed method, after mixing the neutralizing composition with phenol-containing
soil after 5-10 minutes, an exothermic lime hydration reaction begins to form a dry powder neutrali-
zation product represented by lime microscopic capsules with soil components and immobilized
phenol in the form of calcium phenolate. Over time, the material of the capsule in the form of calci-
um hydroxide is neutralized by the bentonite to form hydrophobic calcium silicate. Interaction reac-
tion of lime with bentonite with the formation of hydrosilicates and calcium hydro-aluminates is
consistent with the scheme:

Si0, + xCa(OH), + H,0 — xCa0 X Si0, X (n+ x)H,0
calcium hydrosilicate
Al,O; +xCa(OH), + H,0 — xAl, 05 X Si0, X (n+ x)H,0
calcium hydroaluminate

The resulting calcium silicate and calcium aluminate are characterized by hydrophobizing, ce-
menting, and hardening properties [21]. Thus, high strength properties of the capsule shell and pH
interval of their water extraction from 6.5 to 8.5 acceptable for the natural environment are ensured.
The research into the neutralized phenol-containing soil for phenol content in water extracts showed
that the proposed method is simple, environmentally safe, does not lead to repeated pollution of the
environment with pollutants and ensures phenol content in soils within maximum allowable con-
centration.

In the exothermic reaction of quicklime hydration by chemical dispersion, calcium hydroxide
is formed in the form of its aqueous solution and its suspension in the form of fine particles of finely
dispersed crushing. The latter is precipitated in a crystalline form, evenly distributed in the soil. Cal-
cium hydroxide in its aqueous solution interacts with phenol of soil solution to form calcium pheno-
late, which is hardly soluble in water. As for calcium hydroxide suspended in water calcium hydrox-
ide suspended in water, it envelops soil particles together with calcium phenolate, forming the small-
est capsules with calcium phenolate and soil components immobilized inside them. Granting this, the
mechanism of chemical dispersion of Ca(OH), is of great interest. Hydration reaction of CaO pro-
ceeds continuously, and owing to the limited solubility of Ca(OH), in water (1.7 g/l at 0°C) and a
small amount of mixing water used, the supersaturated aqueous solution of Ca(OH), is formed, fol-
lowing which the latter is continuously crystallized in a state of fine crushing.

As a result, continuous formation and dispersion of hydrated lime occur and numerous crys-
tallization centers take place with the formation of Ca(OH), granules. In this case, specific surface
area of lime increases many times [22]. The main provisions of CaO quenching processes and two-
phase "lime-water" system are reviewed. When quicklime is mixed with water, its hydration imme-
diately begins on the surface of lime grains. Since calcium hydroxide is soluble in water, it immedi-
ately transferred into solution. The next layer of lime grains is uncovered, which also chemically in-
teracts with water. This continues until the liquid turns into a saturated solution, after which the dis-
solution of Ca(OH), becomes impossible, the insignificant fraction of lime is used for the formation
of saturated solution. This period is called by the author as the period of surface hydration and disso-
lution of surface layers of the formed hydrated lime.

The second period is the chemical dispersion of calcium hydroxide. At that point, solid hy-
drated lime is directly released in small crushing form, forming a colloidal system in the form of a
gel. Owing to the high exothermic nature of this reaction, the temperature increases rapidly, the reac-
tion rate increases. New surfaces are formed. If the specific surface of quicklime is about a thousand
or several thousands cm?/g, then the specific surface of slaked lime is hundreds or several hundred
thousands cm?/g, increasing almost hundred times.

The new surfaces are hydrophilic and require more free water to moisture them. By adsorbing
this water, the mass during this period thickens and from a liquid mobile-fluid state transforms into a
pasty state at the stage of lime setting. Here we consider the option when quicklime is quenched with
a relatively small amount of water in such a way that the heat of hydration is not withdrawn outside,



but turns into steam of that part of free water that remains after the chemical reaction. These vapors
break incipient crystalline structure, loosening the entire mass, slaked lime, and spread apart lime
particles to a relatively large distances the entire mass, and create air gaps inside its mass. Thus, dur-
ing the lime slaking process, when using only enough water to hydrate CaO and under conditions of
rapid release of hydration heat, bulky, dry, extremely fine lime powder — hydrated lime is formed.

Theoretically, to slake lime into powder, 32 % mass of water is required. Practically, to ob-
tain slaked lime powder, water is taken with a small excess of ~ 70-100% of the mass of quicklime.
This is explained as being due to the fact that during slaking a significant amount of heat is released,
additional water boils, and part of water is lost with evaporation.

Typical for real conditions in the place of concentration (location) of phenol-containing soil
Is its hyper humidity, the presence of excess water in its composition relative to the stoichiometrical-
ly necessary for soil encapsulation. Mixing water plays a key role in lime-soil mixtures at all stages
of its interaction with their components. Necessary condition for this interaction is the presence of a
sufficient amount of water in the soil solution or the introduction of an optimal amount of water into
dry soil. Under only these conditions the exothermic reaction of lime hydration proceeds with the
formation of a dry powdery decontamination product. Phenol in soil is transformed into a weakly
soluble calcium phenolate, with further immobilization of soil neutralization products in its composi-
tion. Further strengthening of lime surface of capsules by the formation of hydrosilicates, hydroalu-
minates and due to its carbonization, calcium phenolate in the composition of strengthened capsule
acquires irreversible stability and resistance to hydrolysis. At that, the lack of phenol in the water
extract of neutralization products of phenol-containing soils is observed.

The process of hydrated, carbonization and hydrosilicate hardening has its effect on the hard-
ening of slaked lime solutions. Hydrate hardening of solutions on quicklime is due to the interaction
of CaO with water, the occurrence and crystallization of hydrate formations. Calcium hydroxide is
released in a colloidal state, colloidal particles of Ca(OH), aggregate, forming a coagulation structure
which is gradually transformed into a crystallization one. Hardening is also affected by the process
of its carbonization [23]. Experiments have shown that the process of carbonizing hardening occurs
only in moistened lime in surface layers and almost completely finished under the effect of a dry
carbon dioxide on a completely dry powder of hydrated lime. Carbonization proceeds intensively at a
moisture content of products of 5-8%. The carbonization of deep layers is long-term, since CO, con-
centration in the atmosphere is just 0.04%, and the resulting CaCO; film has a low permeability.
Therefore, in the central part of the Ca(OH), layer, it remains unchanged for a long period. The car-
bonization process is consistent with the reaction scheme:

Ca(0H), + H,0 + CO, — CaCO; + 2H,0 + 82 xJln/k)

It is determined by carbon dioxide concentration in the air, the concentration of dissolved lime, and
the size of contact surface of lime solution with air.

It is very important to emphasize that the developed method of soil detoxification is in keep-
ing with the basic requirement to ensure the safety of already neutralized phenol-containing soil.
This requirement comes from the above-described property of calcium phenolate, subject to hydrol-
ysis in agueous solution with the release of phenol. That is, for liming the soil, it is necessary to use
a small but sufficient amount of mixing water. In this case, the neutralization products must be
formed in a dry state. This is necessary to ensure reliable immobilization of phenol (in carboniza-
tion, silicification processes) without its release into the environment.

The analysis of phenol for the content of neutralized soil in the aqueous extract was carried
out by its extraction method (water, chloroform), by determining the residual phenol in its composi-
tion using method of colorimetry [11]. It found that the neutralization method of phenol-containing
soils provides phenol content within 1.0 mg/kg, which corresponds to MPC standards [16].

Conclusions

Phenol containing soils were studied on the territory of Padar station in the Hajigabul region
of Azerbaijan, which was formed as a result of an accidental spill of phenol. Mineralogical and
chemical composition of soils in the contaminated area was determined. This revealed that, accord-



ing to granulometric composition in clay rocks, on average, the fraction of sand, dust and clay is
17.0; 39.2 and 43.8% respectively. Density of clays in natural and dry state averages 1.89 and
1.54g/cm®. The porosity of the rock is 43.71% and the porosity factor is 0.777. Proceeding from the
data obtained on the composition of soils, it found that water filtration through the bottom and walls
of the pit is difficult due to the fact that the water permeability of the soil layer surrounding the pit
is closer to zero due to the clay rock. It is shown that the partial retention of spilled phenol within
the accident site is explained by its relatively good solubility in water, as well as its absorptivity of
the mineral components of the soil. An environmentally safe method has been developed for the
neutralization of phenol containing soil with a detoxifying composition based on quicklime and
bentonite, which ensures phenol content in the composition of the soil within 1.0 mg/kg, which cor-
responds to MPC standards and allows avoiding re-pollution of the environment by neutralization
products.
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FENOLLA CIRKLONMIS TORPAQ-QRUNTLARIN ZORORSIZLOSDIRILMOSI
R.Q. HOSONOV, Q.S. HOSONOV, V.Q. VOLIYEV

Azarbaycan Doviat Neft va Sonaye Universiteti
AZ 1010, Azadlgq pr., 20; e-mail: gaman51@mail.ru

Xiilasa:Fenolun goza dagilmalarinin naticolorinin aradan qaldirilmasi iigiin fenolla ¢irklonmis
torpaqlarin zororsizlogdirilmasinin naticalori togdim olunur. Torpag-qruntlarin fenolla ¢irklonma
zonasinin geoloji-litoloji kasiminin analizino asason miioyyon edilmisdir ki, kasilisin tist hissasindos
togribon 0.5m texnogen monsoali torpag-bitki qatinin altinda, galinligi 7.0 m-o gadar olan gil qati,
sonra isa grunt sulari ilo doymus qumlu tobago togokkiil tapmisdir. Fiziki-mexaniki xiisusiyyatlorino
goro torpagin bork mineral fazasinin ¢otin plastik vo yarimbork konsistensiyali gillora uygun
oldugu miiayyon edilmisdir. Fenolla ¢irklonmis torpag-gruntun mineraloji vo kimyovi torkibi
miioyyan edilmisdir. Fenol torkibli torpagin sonmamis shong va bentonit asasinda zararsizlosdirici
torkiblo zararsizlasdirilmasinin ekoloji cohatdon tohliikasiz tisulu islonib hazirlanmisdir ki, bu da
fenolla ¢irklonmis torpaqlarin zararsizlogdirilmasi tisulunu sadolosdirmays imkan verir. Ekoloji
tohliikasizlik torpaglarda va torpaglarin su sorumunda fenolun olmamasi vo tamizlonma prosesi za-
mani tobii miihit ticiin pH mogbul olan giymats nail olunmasi ilo miisahide olunur. Toklif olunan
tisulun mahiyyoti fenolun suda hall olunmayan az horokatli birlosmoys — kalsiumun fenolyata
cevilmoklo kimyavi inaktivlegdirilmasindon ibarotdir. Fenol torkibli torpagin zararsizlogdirilmasi
mohsulu, kigik kapsullarla tomsil olunan tarkibinds torpaqg hissaciklari va fenolun kalsium fenolyat
soklinda immobilizo edilmasindan ibaratdir. Kalsium hidroksidlo tomsil olunan kapsulun materiali
zaman kecdikco zorarsizlosdirici torkibo daxil olan bentonit vo havada olan CO, ilo ney-
trallagdirilaraq miivafiq olaraq hidrofob kalsium silikat vo karbonat amolo gotirmoklo kapsullara
yiiksok mohkomlik xassalori verir. Zararsizlosdirilmis fenoltorkibli torpag-qruntlarin su sorumunun
torkibindoa fenolun miqdarmin toyini gostorir ki, toklif olunan tisul sadadir, ekoloji cahatdon
tohliikasizdir, otraf miihitin polyutantlarla tokrar girklonmasina sobab olmur va torpagin torkibinds
fenolun miqdarini buraxila bilon hadd gatiliginda tomin edir.

Acar sozlar: goza dagilmasi, fenol, ekologiya, monitoring, migrasiya, fenol torkibli torpaq, zaror-
sizlogdirma.
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AHHoTaums: /[ng TUKBUIALNMY MTOCTIEACTBUI aBaputHOTO pa3nuBa (peHosia mpeCTaBIeHbl PE3Ylb-
TaThl 00E€3BPEXKUBAHUS 3arPSA3HEHHBIX (PEHOJIOM MOYBOIPYHTOB. AHAIN30M MOYBOTPYHTOB I10 I'€0-
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JIOTO-TUTOJIOTUYECKOMY pa3pe3y YCTAaHOBIEHO, YTO B 30HE 3arps3HEHHs] (JEHOJIOM IMOYBOTPYHT
HMMEET MOBEPXHOCTHO MOYBEHHO-PACTUTEIBHBINA CJION C TOJIMHOWU okoyio 0.5M, nanee Ua€r mMoul-
HBIN TTIUHUCTBIN oMl TonmuHoN 10 7.0M, 3aTeM MPOCIEKUBAETCA MEeCYaHbIN CJION, HACBIIEHHBIN
TPYHTOBBIMH BOJaMH. Y CTAHOBJIEHO, YTO MO (PM3UKO-MEXaHWYECKUM CBOMCTBAM TBepjas MHHE-
pasibHas (a3a MOYBOTPYHTA COOTBETCTBYET TPYAHO IIACTHYHOW M TOMYTBEPAOH KOHCUCTCHIIMH
mH. OnpesieneH MUHEPATIOTHYECKU M XUMHYECKUH COCTaB MOYBOTPYHTOB 3arps3HEHHBIX (EeHO-
noM. Paszpaboran skomorudeckn 6e30macHbIii croco0 00e3BpexuBaHus (HEHOJICOAEPIKAIIETO MOY-
BOTpyHTa 00€3BPEKHMBAIOIIUM COCTABOM Ha OCHOBE HETAIIEHOW M3BECTH M OCHTOHHWTA, KOTOPBIH
MO3BOJISIET YIPOCTUTH CIIOCO0 00€3BPEKMBAHMUS TIOYBOTPYHTOB, 3aTPSI3HEHHBIX (DEHOIOM. DKOJIOTH-
yeckas 0€30IacHOCTh yCMaTpUBaJlach B OTCYTCTBUHU ()€HOJIA B BOJAHBIX BBITSDKKAX W3 MOYB U TPYH-
TOB U JIOCTH>KCHHE B IIPOIIECCE OUUCTKH JOMYCTUMOM JJIsi MpUupoaHoi cpeasl Benuunabl pH. Cy-
HOCTh TMPEUIOKEHHOTO CIoco0a 3aKI0YaeTCss B XUMUYECKOW MHAKTHUBAIMKM (DeHOJIa, OCHOBAaHHOM
Ha €ro IMepeBoJie B MAJIOTIOJBMKHOE, HE PACTBOPUMOE B BOJIE COCAUHEHHE — (DEHOJSAT KaJbIIHS.
[TponykT oOe3BpexuBaHus (HEHOJICOACPIKAIIETO MOYBOTPYHTA MPEJACTABISAET COOOW MeTbyuanIime
KaICyJibl, COJIepPKaIIie BHYTPHU Ce0sl YaCTHIIBI TIOYBOTPYHTA M MMMOOWMIN30BAaHHBINA ()EHOT B BUJC
deHonsTa Kanbuua. MaTepuan caMmoil Kamncysbl, TPeICTaBICHHBIA THAPOKCHIOM KalbliUs, CO Bpe-
MEHEM HEHTpaIn3yeTcsl BXOISAIIMMHU B 00€3BpEKUBAOIINI cocTaB OeHToHnTOM U CO7 U3 BO3ayXa C
o0pa3zoBaHHEM COOTBETCTBEHHO TUAPO(OOHBIX CHIIMKATa M KapOoHAaTa KalbIUs, MPUIAIONIAM Kall-
CyJaM BBICOKHE IPOYHOCTHBIC CBOMcCTBa. McciemoBanue 00€3BpEKEHHOrO (HEHOJICOIEPIKAIIETO
MOYBOTPYHTA Ha COJIEpP’KaHUE B BOAHBIX BHITSDKKaX (heHoJa MOKa3alo, YTO MPEASIOKEHHBIN crocoo
SIBJISIETCSL TIPOCTBIM, DKOJOTHYECKH OE€30MacHbIM, HE TPHUBOJISIIMM K MOBTOPHOMY 3arpsi3HEHUIO
OKpY>Karollel cpebl MOUTI0TAaHTaMU U 00ECIICUUBAIOIINUM COJiepKaHue (peHona B MOYBOrpyHTax B
npenenax [1/IK.

KuroueBble cjioBa: aBapuitHbIA pa3nuB, (HEHOI, SKOJIOTHS, MOHUTOPUHT, MUTpaIus, GeHOICoaeP-
YKAIIU TOYBOTPYHT, 00E3BpPEKUBAHUE.
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