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Abstract. Pollution of soils with oil and oil products, féeday, very actual problem. In the
present study, the content of soil enzymes (catalgshosphatases, ureases and invertases) in
the soils of Kalmykia oilfields has been studieddiagnose oil pollution. The content of olil
products in the soils of oilfields is studied. Aseault of research, it is established that thetmos
informative soil enzyme in relation to oil pollutids catalase. Activity of phosphatase, ureases
and invertase even in the background soils is nahims the studied soils show weak
biological activity. It is proved that the changé aatalase activity, as a rule, is in direct
dependence on oil content in soil, the higher thetent of oil and oil products in soil, the
lower the activity of catalase.

1. Introduction

Currently, the territory of the Republic of Kalmgkis under severe anthropogenic stress. One of the
serious environmental problems of the region isattévity of oil producing enterprises. Emergencies
in the production and transportation of oil producbbsolescence of equipment, personnel
carelessness — all this can lead to the penetrafipollutants into the environment. Once in th#é, so

oil causes abrupt changes in its chemical and palysomposition [1-4], in addition, oil pollution
leads to disruption of plant growth and developniBat].

It is worth noting that oil producing enterprisepecating in the territory of the Republic of
Kalmykia are located on the Black Earth. Besidegaa of oilfields is located in the specially
protected natural territories — "Black Earth" Reserand "Mekletinsky" Reserve of Federal
importance. Black lands are a part of the Casmamaind, the main soils composing this territory are
brown semi-desert soils and their complexes wilinaasoils, salt marshes and sands of different
degrees of consolidation, they are characterizelighy granulometric composition and salinity oflso
profile. The climate of the Black Earths is sharpbntinental, with very hot and dry summers and
snowy, harsh winters. Vegetation cover is represkerily desert and semi-desert species, which
develop under conditions of very low moisture syppl

Many authors' researches proved that soil pollutvgh oil and oil products leads to disruption of
soil enzymes activity, such as catalase, dehydemgenphosphatase, invertase, etc. [8-10]. At
pollution of soils by oil and oil products in itl&liological processes are broken that leads toghaf
activity of soil enzymes.

The purpose of this study is to study the actigitgoil enzymes in the soils of Kalmykia oilfields.
The following tasks have been set for the implegon of this goal: — to select soil samples; — to
analyze the content of oil products in soils; stiedy the activity of soil enzymes.
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2. Methods and materials
Soils of Tengutinskoye, Severo-Kamyshanskoye, Nadiagkoye, Tsubukskoye and Ulan-Kholskoye
oil, oil and gas and oil and gas condensate figlele used as objects of research. Soils were sdlect
from wells, oil spills, reservoirs, as well as Iretbackground areas. Soils were taken from thacerf
layer, control samples were taken at virgin araa$rbm power lines, roads and oil pipelines.

Sampling and laboratory tests were carried outrdowp to generally accepted methods [11-13].
Petroleum products were determined gravimetricdlle enzymatic activity of soils was judged by the
activity of catalase, urease, invertase and phtaspdaDetermination of enzymatic activity was earout
under optimal conditions of temperature, at natsiwdlpH, according to recommendation A. S. Galstya
Repetition is 3-fold.

Catalase activity was measured by Galstyan's msthodase by Galstyan's method, phosphatase
by Stefanik, Yarni, Tomescu's method, invertasédviagtwas determined by Galstyan in Haziev's
modification [14].

3. Results

The Nadezhdinskoye oil field is located in the Mgiiskoye reserve. The soil cover is composed of
brown semi-desert soils in a complex with salingss@&eobotanical survey of the area showed that
the basis of the grass is made up of cereals amréam santonite communities. Results of oil
products content and enzymatic activity in soilfNatlezhda field are presented in the table 1.

As a result of chemical analysis of soils of Nadkzfield we have established that background soil
samples do not contain oil products, catalase ictis 2.36 ml O2 1 g/1 min, urease activity,
invertase and phosphatase are low. The highestroot oil products was recorded in the soils under
the oil spill, the lowest in the soils of the namé€tioning well 1 135. Negative correlation deperze
(r=—0.94) is established between the content opm@tucts in soil and activity of catalase. Sohat t
content of oil products in soil 12.5 % catalasevégtis inhibited up to 0.23 mD2 1 g / 1 min. At the
average content of oil in soils the activity of alase decreases in 2.36 times in comparison with
background samples. A high degree of correlatiorD(B7) is also observed between the content of oil
products in soils and urease activity. So at th&imam concentration of oil 12.5 % in soils urease
activity decreases to 0.82 mg NH3 10 g / 24 hoDependence of invertase activity change at oil
pollution is as follows, at low concentrations af products in soils invertase activity increasas,
high concentrations of this soil enzyme activity iithibited. Correlation coefficient is —0.78.
Phosphatase activity at oil pollution decreases-(r&7). It is necessary to note that at oil
concentration in soil 12.5 % phosphatase acti\atyrelases to zero values.

Some of the oil wells at the Severo-Kamyshanskalyietd are located in the Mekletinsky Federal
Wildlife Refuge. Soil cover is represented by samiifyerences in the complex with saline soils.
Swan-salt-santonium-santhonin communities formbiegs of the grass stand. Oil product content and
soil enzyme activity in soils of the Severo-Kamyss$icoye field are presented in the table below 2.

Table 1. Petroleum product content and soil enzyme actiwitgoils of the nadezhda field

Catalase Urease activity, Invertaza activity, Phosphatase

Selection point Oil activity, mlO- mg NHs per glucose mg per  activity. mg BOs
products, o o o -
% per 1 g of soilin 10 g of soil in 1 g of soil in 24 per 1 g of soil in
1 minute. 24 hours. hours 1 hour.
Control — 2.36 0.99 0.36 0.12
At the well No.37 2.3 1.46 0.90 0.38 0.08
At the well No.146 4.6 1.00 0.88 0.30 0.02
At the well No0.135 1.8 1.70 0.99 0.41 0.08

Under the oil spill 12.5 0.23 0.82 0.28 0.00




ESCHIP 2020 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 579 (2020) 012003  doi:10.1088/1755-1315/579/1/012003

Table 2. Petroleum product content and soil enzyme actiwigoils of the north kamyshanskoye field

Catalase Urease activity, Invertaza activity, Phosphatase
Selection point activity, mlO,  mg NHsper 10g  glucose mg per  activity. mg BOs
products, . o N -
% per 1 g_of soil of soil in 1 g of soil in per 1 g of soil in
in 1 minute. 24 hours. 24 hours 1 hour.
Control — 2.12 0.74 0.25 0.08
At the well No.17 3.2 1.04 0.70 0.20 0.04
At the well No.20 2.1 1.56 0.66 0.22 0.04
A suspended well 1.0 1.82 0.80 0.25 0.05
At the pipeline 7.8 0.54 0.60 0.20 0.02

Soil analysis of the Severo-Kamyshanskoye oil f&ddwed that the content of oil products in these
soils is lower than in the soils of Nadezhda fi€ld.the maximum content of oil products is fixedails
at the pipeline — 7.8 %, the least in soils atgbhspended, not functioning well without registnatio
number — 1.0 %. The content of oil products inssofl operating wells No. 17 and 20 varies fromt@.1
3.2 %. The background samples of oil products atefired, the activity of soil enzymes is low.
Changes in the activity of catalase have the saah@enas described above. So at concentratiorl of oi
products in soil 7.8 % activity of catalase decesa® 0.54 mD> 1 g/1 min. High catalase activity is
noted in the soils of suspended well, which indisahe restoration of biological processes in sohe
catalase activity of soils under the wells No. td 20 is lower than in the background samples and
makes up 1.04 and 1.56 ml of ©g /1 min. Change of catalase activity at ofltamination and in this
case shows high degree of correlation (r=—0.953abk activity in soils under the action of oil aniid
products is usually reduced, but the exceptiotnésdpil that is inactive, the borehole here ishtljg
more active than the activity of the enzyme inlihekground samples. This can also be explainelddoy t
restoration of the biological properties of so#d.the maximum petroleum product content in soils,
urease activity drops to 0.60 mg Nbf 10 g / 24 h. The correlation coefficient iscatigh (r=—0.82).
Not so unambiguous changes in activity have beesated in the soil enzyme invertase, here and high
and low concentrations of petroleum products causamilar effect on the change in the activity of
invertase. The activity of invertase decreases.20 @hg glucose 1 g / 24 h at concentration of olil
products 7,8 and 3.2 %. Values similar to thosthefbackground are revealed in the inactive wéle T
correlation coefficient of this indicator is —0.88ctivity of phosphatase at oil pollution decreasgghe
maximum oil content in the soil the activity ofgfenzyme is inhibited up to .hg ROs 1 g/ 1 h. The
correlation coefficient is high —0.86.

Table 3. Petroleum product content and soil enzyme activityre soils of the tengutinskoye field

oil Catalase Urease activity, Invertaza Phosphatase
Selection point activity, mlO. mg NHzs per  activity, glucose  activity. mg
products, X L
% per 1 g_of soil 10 g of soil in mg per 1gof PzQs_per 1gof
in 1 minute. 24 hours. soil in 24 hours  soil in 1 hour.
Control — 0.84 0.05 0.00 0.00
At the well No.260 5.1 0.42 0.00 0.00 0.00
At the well No.261 3.0 0.55 0.05 0.00 0.00
At the sludge dump 8.7 0.10 0.00 0.00 0.00
Under the oil spill 15.4 0.00 0.00 0.00 0.00
At the bullet 4.4 0.00 0.00 0.00 0.00

The Tengutinskoye oil and gas field is located be territory of the Black Earth Biosphere
Reserve, namely on its south-eastern border. ®w@ircof this territory is composed of semi-desert
saline soils and their complexes with brown sensiedesoils. Vegetation is represented by separate
semi-desert communities. These are mainly motlessgwhite and cereal communities. Table 3
presents oil product content and enzymatic activitgoils in the Tengutinskoye field.

Table 3 shows that the soil enzymatic activity loé fTengutinskoye field is very low, and the
values of invertase and phosphatase activity ewahea background samples are zero. In the control
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samples of soils no oil products were registereel vilues of catalase activity were 0.84 @ 1 g/1
min, urease activity was 0.05 mg NHO 10 g / 24 h. The highest content of oil prodweas recorded

in the soils under the oil spill, the lowest in tals of well No0.261. The average concentratiowibf
products in the field in the soil is 7.32 %. Deseaf catalase activity, as a rule, depends on oil
concentration in soil, but in soils of bullite thentent of oil products is 4,4 %, and values oélzeste
activity are inhibited up to zero values. This daexplained by the fact that bullite is a reservoi
where produced water is discharged. Formation watdr the Tengutinskoye field are highly
mineralized Table 4.

Table 4. Salt composition of formation water of the tengskioye field, mg-eqv./I|

pH HCOs Cr % Ca? Mg?* Na™ K

5.4 4.5 1740.0 0.6 450.0 125.0 1170.1

High content of anions and cations in the formati@ter promotes secondary salinization of soils,
respectively, the activity of catalase is inhibiteat only by the content of petroleum productsaditss
but also by soil salinization. Complete inhibitiohcatalase activity is also fixed in the soils enthe
oil spill, the correlation coefficient is —0.76. thaty of invertase and phosphatase both in the
background soils and in the field soils have zeatues. Urease activity in background samples and
soils of well No. 261 is 0.05 mg NHO g / 24 h. In other soil samples urease actid@greases to
zero.

Tsubukskoye gas field is also located in the tnyibf the reserve "Black Earth", but occupies the
central territory of the biosphere reserve. It @t noting that to date, this field is not funciiog, all
wells are sealed, structures and pipelines of thkl fare eliminated. From the results of the
geobotanical study of this area, it can be condutiat the vegetation is practically the same as th
background vegetation and is represented by ararbs and sod grasses. There are areas devoid of
vegetation — cortical solonetzes. Soil cover igagsented by brown semi-desert soils in combination
with sands of various degrees of consolidation.géoration of the Tsubukskoye field was carried out
in the 1960s, and during this period of time upntiw the biogeocenosis of the area has almost
completely recovered. However, the anthropogenaichis still evident in this area.

The results of petroleum product content and dgtiaf soil enzymes in the soils of the
Tsubukskoye gas field are presented in Table 5.

Table 5. Petroleum product content and soil enzyme actiwitgoils of the zubuk field

Catalase Urease activity, Invertaza Phosphatase

Selection point Qil activity, mlO2 mg NHs per  activity, glucose  activity. mg
products, X o
per 1 g of soil 10 g of soil in mg per 1 gof  P,Os per 1 g of
% ; . . i~
in 1 minute. 24 hours. soil in 24 hours  soil in 1 hour.
Control — 6,1 1,02 0,74 0,25
Central zone of the field — 5,8 0,88 0,99 0,20
Sealed well — 5,6 1,10 0,80 0,25
The outskirts of the field — 6,0 0,70 0,70 0,18

As a result of chemical analysis of soils of thebitkskoye gas field it was found that the backgtoun
soil samples and soils of the field do not congain oil products, or the content of oil productbeow the
detection limits. Activity of soil enzymes in soité the field practically corresponds to the intlica of
enzymatic activity in soils of control samples. THigh activity of the soil enzymes under study daties
the restoration of biological processes occurtinipé soils of the field.

The Ulan-Kholskoye oil, gas and condensate fieldosated in the Lagansky district of the
Republic of Kalmykia. The soil cover of the fiels tomposed of sands with low humus content in
combination with brown semi-desert soils. Geobaanisurvey has shown that the background
vegetation in this area is the white wormwood a@scfie community. The results of oil products
content and enzymatic activity of soils in the stddoil field are presented in Table 6.
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Table 6. Petroleum product content and soil enzyme activitye soils of the ulaanbaatar field

oil Catalase Urease activity, Invertaza Phosphatase
Selection point activity, mlO. mg NHs per  activity, glucose  activity. mg
products, . L
per 1 g of soil 10 g of soil in mg per 1 gof  P,Os per 1 g of
% . . . -
in 1 minute. 24 hours. soil in 24 hours  soail in 1 hour.
Control — 3.84 1.10 1.53 0.20
At the sludge dump 6.9 0.68 0.05 0.00 0.05
At the lagoon 12.2 0.26 0.00 0.00 0.00
At the torch 4.8 0.40 0.10 0.00 0.00

As chemical analysis of soil samples of the Ularelskoye field has shown — background or
control samples do not contain oil products, so#yenatic activity is low, but higher than in soilé
the oil fields studied above. The maximum contdnbibproducts is fixed in the soils of the lagoon
12.2 %. The sump is a pit with the depth of 2—3aiere a large volume of waste solutions and oll
products is merged, it should be noted that theoboof this pit is not cemented, and oil products g
into deeper soil horizons, polluting groundwatene smallest amount of oil products is contained in
the soils near the flare, where the accompanyisgghurnt. The content of oil products at the giud
storage facility is 6.9 %. Activity of all investged soil enzymes is considerably inhibited that is
apparently connected not only with presence opitiucts, but also with different soil differenaas
background sites and oil field sites. If the backod samples of soils are not saline, the samgles o
soils of oilfield are brown semi-desert stronglyirea Thus, phosphatase and invertase activity in
oilfield soils are zero. Urease activity is minimal

4. Conclusion
As a result of our research, we have establishetd th

1) soils of oilfields are subjected to serious amplogenic load, this is evidenced by the high
content of oil products in the soils of the oillfie under study;

2) in oil-contaminated soils of oilfields biologicarocesses are disturbed, there are cardinal
changes in the enzymatic activity of soils;

3) the most informative indicator of oil pollutiam the territory of the Republic of Kalmykia is the
activity of soil enzyme - catalase, as the soilstlid region are impoverished with elements
responsible for biological activity, which is whyet activity of urease, invertase and phosphatase ev
in control samples of soils have zero values;

4) the anthropogenic impact on soils decreases @rdy a long period of time, for example, the
soils of the liquidated Tsubuk deposit.
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