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RESUMO

O impacto antropogénico nos ecossistemas ao redor dos campos de petréleo desenvolvidos causou
problemas ambientais que afetaram todos os habitats dos organismos vivos. O método de sorgdo é
considerado o mais eficiente e ambientalmente aceitavel para a remog¢ao de substancias petroliferas do solo.
As vantagens dos sorventes poliméricos sao a capacidade de remover varios contaminantes para praticamente
qualquer concentragao residual, auséncia de contaminantes secundarios e controlabilidade do processo de
sorcdo. A atividade enzimatica do solo é um indicador de seu estado ecoldgico e pode ser usada para avaliar o
grau de contaminagéo, a intensidade da exposicdo e a eficiéncia da remediagdo. A andlise enzimatica &
realizada através do estudo dos niveis de atividade das enzimas envolvidas em diferentes processos
bioquimicos no solo. Isso pode fornecer informagdes mais confiaveis sobre mudangas no estado do solo. Nesta
pesquisa, o diagnostico bioecoldgico do solo contaminado com o6leo foi realizado através do estudo das
enzimas oxidativas (catalase) e hidroliticas (urease, protease e invertase) antes e apds a aplicacao dos
sorventes. Com base na comparagao dos dados obtidos no estudo da atividade enzimatica e celulolitica do
solo com uma alteragdo na contagem microbiana total, nas propriedades morfolégicas e biolégicas dos
microrganismos do solo e nas alteragées hematoldgicas e bioquimicas nos modelos biolégicos em relagao as
taxas de aplicacdo do sorvente, revelou uma correlagdo entre os indices de atividade bioldgica do solo,
composigdo quantitativa e especifica dos microrganismos. As reagbes quimicas que ocorrem no solo,
associadas ao metabolismo, decomposicdo e sintese de substancias organicas, migracdo de compostos
quimicos, mobilizacdo de nutrientes, sdo realizadas com a ajuda de enzimas. A alta sensibilidade, preciséo,
simplicidade relativa e facil operagcdo de métodos para determinar a atividade das enzimas do solo permitiram
que fossem utilizados em estudos para avaliar a intensidade e a diregdo dos processos bioquimicos essenciais
para a vida e fertilidade do solo. A atividade do solo serviu como um indicador integral do impacto ambiental.

Palavras-chave: solo, poluigdo, petroleo, sorventes poliméricos, enzima.
ABSTRACT

The anthropogenic impact on ecosystems around developed oil fields has caused environmental issues
that affect all habitats of living organisms. The sorption method is considered the most efficient and
environmentally acceptable for the removal of petroleum substances from the soil. The advantages of polymeric
sorbents are the ability to remove various contaminants to almost any residual concentration, absence of
secondary contaminants, and sorption process controllability. The enzymatic activity of soil is an indicator of its
ecological state and it can be used to assess the degree of contamination, the intensity of exposure, and
efficiency of remediation. The enzymic analysis is performed by studying the activity levels of enzymes involved
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in different biochemical processes in soil. This can give more reliable information on changes in the state of the
soil. In this research, the bioecological diagnostics of oil-contaminated soil was carried out by studying oxidative
enzyme (catalase) and hydrolytic enzymes (urease, protease, and invertase) before and after application of
sorbents. Based on a comparison of data obtained in study of enzyme and cellulolytic activity of the soil with a
change in the total microbial count, morphological and biological properties of soil microorganisms and
hematological, biochemical changes in biological models with regard to application rates of sorbent, it was
revealed a correlation between the indices of biological activity of the soil, quantitative and specific composition
of microorganisms. Chemical reactions occurring in the soil, associated with metabolism, decomposition, and
synthesis of organic substances, migration of chemical compounds, mobilization of nutrients, are carried out
with the help of enzymes. High sensitivity, accuracy, relative simplicity and easy operation of methods for
determining the activity of soil enzymes allowed them to be used in studies in assessing the intensity and
direction of biochemical processes that are essential for soil life and fertility. The activity of soil served an
integral indicator of the environmental impact.

Keywords: soil, pollution, petroleum, polymeric sorbents, enzyme.
AHHOTAUUA

YBenuyeHve TEeXHOreHHOro BO3AEWCTBMA Ha 3KOCUCTEMblI B paMloHax OCBOEHUS HedTAHbIX
MECTOPOXAEHWUM BbI3BaNO PS4 JKONOTMYECKMX npobrnem, OxBaTbiBalOWMX BCE cpedbl OOUTaHUSA XKMBbIX
opraHMamoB WM pacteHun. CopOLUMOHHBLIN MEeTod OYMUCTKM MOYBbI U FPYHTaA OT HedTEenpoayKToB HABMAeTCS
Hanbonee adMEKTUBHBIM U 3KOMOrMYECKU MpuemsnemMbiM crnocobom. [penmywecTBom AaHHOrO MeToga
ABMAETCA BO3MOXHOCTb YAaneHUs 3arpA3HeHUi YpesBbl4aliHO LUMPOKOW MPMPOAbl MpakTUYeckn A0 nobon
OCTaTOYHOM KOHUEHTpauun, a Takke OTCYyTCTBME BTOPUYHBLIX 3arps3HEHUn U ynpaBrsieMoCTb MPOLECCOM.
depmeHTaTUBHAsA akTMBHOCTb NOYBbI SABMSETCH MoKasaTeneMm ee 3KONOorm4yeckoro COCTOSIHMSA, NMOSTOMY MOXeT
NPUMEHATBLCA AN OLEHKW KaK CTEMNeHu ee 3arps3HeHWsi, UHTEHCMBHOCTU BO3O4ENCTBMS U 3(PEKTMBHOCTU
pemeamnaummn. depmeHTaTMBHBIN aHanM3 HeobOXOAMMO MNPOBOAWUTb M3yyas YPOBHM aKTMBHOCTM (DEPMEHTOB,
y4yacTBYIOLMNX B pasHbiX BUMOXMMMUYECKMX MpoLieccax B NOYBe, YTO MO3BOMUT MOMNy4MTb Gonee OOCTOBEPHYHO
MHopmauuto 06 M3MeHeHUN ee CocTosiHMA. Brnosakonornyeckas guarHocTMka HedTe3arps3HEHHOW MOYBbLI U
rpyHTa B [JaHHoOm paboTe nposogunacb MNpuM W3yYeHWM  OKUCIIMTENbHOro depmMeHTa (kaTanasa) u
rmgponuTudecknx (ypeasa, npoteasa M WHBEpTasa) OO0 W Mocne npuMmeHeHust copbeHToB. Ha ocHoBe
COMOCTaBIEHNS AaHHbIX, NONYYEHHbIX NPYU U3ydYeHUn depMEeHTaTUBHOW U LIENMONO30INTUYECKON aKTMBHOCTU
NnoyYBbl C U3MEHEHNEM 0bLLero MMKPoBHOro Yncna, mMopdo-61Monornyeckmx CBOMCTB MUKPOOPraHU3MOB NOYBbI 1
reMaTosiorM4eckmx, BUOXMMUYECKUX N3MEHEHMIA BUONOrMYECKMX MOAENEN C y4eTOM 403bl BHECEHUA cOpbeHTa,
BbISBMIEHbl KOppEeNnsauum Mexay nokasaTensamu Oronornyeckon akTUBHOCTU MO4YBbl, KOMMYECTBEHHbIM W
BMAOBbIM COCTaBOM MUKPOOPraHM3MoB. XMMUYECKNe peakuuy, npoTeKatwLme B No4Be, CBA3aHHbIe C OOMeHOM
BELLECTB, PAasfOXeHNWEeM U CUHTE30M OpPraHUYecKMX BELUECTB, MUrpaumen XUMUYECKUX COeAMHEHUN,
Mobunmusaumen nuTaTtenbHbIX 3NIEMEHTOB WM T.A4., OCYLLECTBNATCA C MOMOLWbIO epMeHTOB. Bbicokas
YyBCTBUTENBHOCTb, TOYHOCTb, OTHOCWUTEMbHAas MpPOCTOTa W HETPYAOEMKOCTb METOAOB OnpedeneHuns
aKTMBHOCTM MOYBEHHBbIX (hepMeHTOB Mo3BOMWAM UCMOMb30BaTb WX B WCCNEOOBaHWUSIX MNpU  OLEHKE
WHTEHCMBHOCTU M HaMpaBfeHHOCTW BaXXHENLINX ONS XXU3HWM U NIIogOPOAMS MOYBbl BUOXUMUYECKNX MPOLIECCOB.
B maHHOM paboTe akTMBHOCTb MOYBEHHBIX (DEPMEHTOB MPUHATA KakK MHTErpanbHblA NokasaTeslb BO30eNCTBUS
hakTopoB cpepl.

KnroueBble cnoBa: r104802pyHm, 3agpsi3HeHUe, Heghmab, nofuMepHbie copbeHmbI, (hepMeHMbI.

1. INTRODUCTION The soil cover diagnostics with
biochemical methods, in particular, with the help

When studying the mechanism of oil- of enzyme indicators, has now been proven

contaminated soil remediation with sorbents, a
researcher should pay equal attention to the
initial indicators, the analysis of processes
occurring in petroleum substances in the soil, and
the principles of sorption of the introduced
pollutants by the sorbents. There are dozens of
sorbent brands, both organic and polymer-based,
that are used in oil spill response operations
(Vasiliev and Melkozerov, 2011; Aznauryan,
2009).

highly efficient. The enzymatic activity of soil was
studied for different objects and, regardless of the
aim of the research, this indicator is always
considered as an integral expression of the action
of environmental factors and interdependent
processes occurring in the soil (Aznauryan, 2009;
Dolgova, 1975; Kolesnikov et al., 2007; Kireeva
et al., 2001; Fomina, 2013; Novoselova, 2004;
Khaziyev and Fatkhiyev, 1981; Khaziyev et al.,
1988; Schemelinina et al., 2007; Kireeva et al.,
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1998). The influence of petroleum substances on
soil enzymes includes direct impact, such as
inhibiting, destroying or activating enzymes, and
indirect impacts, such as changing the soil
enzyme pool as a result of inhibiting the growth of
soil mesofauna and plants. Enzymatic activity in
oil-contaminated soils during remediation can
help validate the effect of remediation on the
properties of disturbed soils. Therefore,
enzymatic  activity, associated with the
transformation of compounds of the main
biogenic elements, is a complex representative
indicator (Fomina, 2013). At the same time, the
sorption mechanism in fertile soil remediation
after oil spills needs to be studied further
(Vasilyev et al., 2015).

2. MATERIALS AND METHODS

The subject of the study was an oil-
contaminated mixture of soil and peat, with pH =
7.2, Corg = 18.9%, and N = 1.07%. To simulate
the contamination, oil from the Surgut deposit
was introduced in concentrations of 6 g per 1 kg
of soil (low) and 60 g per 1 kg of soil (high).
Polymeric sorbents Unisorb-M, Unisorb-bio, and
Unisorb-Ferro  (Melkozerov et al., 2019;
Zhuravlev et al., 2006) were used to remediate
the soil. These sorbents are produced by the

scientific and production organization LLP
“‘Ekosorb”, Krasnoyarsk Russia, there is a
positive experience of their usage in the

elimination of industrial accidents both in oil fields
and in the liquidation of the accident at the
Sayano-Shushenskaya hydroelectric station.

Ten soil samples were collected, including a
control sample with no oil or sorbent introduced,
a sample with oil, a sample with oil and Unisorb-
M, a sample with oil and Unisorb-bio, and a
sample with oil and Unisorb-Ferro (Melkozerov et
al., 2014, 2017). The soil was sampled according
to GOST 17.4.3.01-83 Nature protection. Soils.
General requirements for sampling. The
laboratory and analytical studies were performed
using generally accepted methods in soil science
and biology (Kazeev et al., 2003; Khaziyev,
2005). Catalase determination was carried out
according to the Johnson and Temple (1964)
method by titration with 0.1 n KMnOy4 solution, the
activity was expressed in ml of 0.1 n KMnO4 / g
dry soil for 20 minutes. The protease activity was
determined by the method of Hoffmann and
Teicher (1957) at a wavelength of 650 nm and
expressed in mg of amine nitrogen/10 g of soail
over 20 hours. Urease activity was established by
the method of Scherbakova (1983) by
colorimetrication at a wavelength of 400 nm and

expressed in mg of ammonium nitrogen/10 g of
dry soil for 4 hours. The invertase activity was
studied by the method of colorimetric according
to Hoffmann and Pallauf (1965) at a wavelength
of 578 nm and expressed in mg of glucose/g of
dry soil for 24 hours. All indicators of soil
enzymatic activity were recalculated, taking into
account soil moisture content per 1 g of soil.

In this research, the indicators of
enzymatic activity are used as diagnostic criteria
for validating the environmental safety and
performance of sorbents, introduced to localize
the oil contamination of soil (Vinogradova et al.,
2015; Prudnikova et al., 2017). Redox enzymes
have always received much attention because of
their significant role in soil-forming processes
(Pakharkova et al., 2015; Volova et al., 2017).
The activity of this group of enzymes indicates
the intensity of oxidation and the humification of
organic substances.

3. RESULTS AND DISCUSSION

Earlier, it was established that the activity
of soil enzymes is a sensitive indicator of the
biological state of the soil (Aznauryan, 2009;
Dolgova, 1975).

The catalase activity of contaminated soil
varied depending on the concentration of oil. The
high concentration reduced the activity to 0.35
0.1 n KMnO4 ml per 1 g of soil in 20 minutes,
while the low concentration increased it to 0.43
0.1 n KMnO4 ml per 1 g of soil in 20 minutes. The
catalase activity of the uncontaminated control
sample was 0.37-0.39 0.1 n KMnO4 ml per 1 g of
soil in 20 minutes on average (Figure 1). The
sorbents increased the catalase activity in the
first and second cases, and in case of high
contamination, the catalytic activity indicators
were similar to those of the control sample
(Figure 1).

In case of low contamination, the catalase
activity increased to 0.42, 0.44, and 0.45 0.1 n
KMnO4 ml per 1 g of soil in 20 minutes with
applied sorbents Unisorb-Ferro, Unisorb-M, and
Unisorb-bio, respectively. There was a clear
stimulation of catalase activity, especially with

Unisorb-bio that contains a complex of
hydrocarbon-oxidizing microorganisms.
The proteolytic  activity of  the

uncontaminated control sample was 0.70-0.71
mg of amine nitrogen per 1 g of soil in 20 hours,
while the high contamination gave a 1.5-time
decrease in the activity and applied sorbent
Unisorb-M reduced it by half to 0.35 mg of amino
nitrogen per 1 g of soil in 20 hours (Figure 2). On
the contrary, sorbent Unisorb-bio-enhanced the
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proteolytic activity to 1.05 mg, which can be
explained by its composition (microorganisms).

Having considered the indicators of
proteolytic activity in contaminated soil in low
concentration (6 mg/kg), it was found that in this
concentration, oil has a stimulating effect on
proteolysis (0.79 mg). With Unisorb-M and
Unisorb-bio, it was 0.90 and 0.96 mg,
respectively. It should be noted that the highest
indicators of this enzyme were also observed in
the case of high contamination in the experiment
with Unisorb-bio (Figure 2).

Sorbent  Unisorb-Ferro reduced the
proteolytic activity in both cases, yielding 0.31
and 0.53 mg of amine nitrogen per 1 g of soil in
20 hours, thus approaching the activity values of
the uncontaminated soil sample in case of high
contamination.

Since urease participates in nitrogen
metabolism, the study of its activity is absolutely
necessary for diagnostics of contaminated soil.
The initial urease activity of uncontaminated soil
was 0.63 mg of ammonium nitrogen per 1 g of
soil in 4 hours. The introduction of oil at low
concentration resulted in an increase in the
urease activity to 0.93 mg of ammonium nitrogen
per 1 g of soil in 4 hours. In the samples with
sorbents, the urease activity also increased and
did not vary significantly; it was 0.96—-1.05 mg of
ammonium nitrogen per 1 g of soil in 4 hours
(Figure 3).

In the samples with high contamination,
the urease activity decreased from 0.63 mg (in
the control sample) to 0.46 mg of ammonium
nitrogen per 1 g of soil in 4 hours, and in the
samples with Unisorb-M and Unisorb-Ferro, to
0.39 and 0.43 mg of ammonium nitrogen per 1 g
of soils in 4 hours, respectively. A notable
stimulation of urease activity was observed when
using Unisorb-bio, containing germ cultures that
affect the nitrogen metabolism in oil-
contaminated soil.

Having analyzed the data on the invertase
activity, it was found that in case of low
contamination, its activity doubles on average.
The sorbents also increased the invertase activity
from medium 14.3 mg of glucose per 1 g of soil in
24 hours to enriched 32.9-36.9 mg of glucose
per 1 g of soil in 24 hours (Figure 4) on
Zvyagintsev’s scale (1978).

A high level of soil contamination reliably
reduced the invertase activity from 14.4 mg to
13.5 mg of glucose per g of soil in 24 hours, and
with sorbents Unisorb-M and Unisorb-bio, to 12.9
and 13.6 mg of glucose per g of soil in 24 hours,
respectively. It should be noted that at this level
of contamination, only Unisorb-Ferro enhanced

the invertase activity, showing the remediation
performance of 18.9 mg of glucose per 1 g of soil
in 24 hours.

The comparative study of enzyme activity
was carried out to validate the ‘unmarred’ effect
of sorbents on uncontaminated soil (Table 1). It
was determined that the catalase activity does
not differ from that of the control sample, while
the urease activity, on the contrary, decreases by
half, except for the samples with sorbent Unisorb-
bio.

The protease activity decreases
insignificantly; at that, and the smallest decrease
was observed in the samples with Unisorb-bio,
most likely due to sorption (Table 1). The
invertase activity after the application of the
studied sorbents decreased insignificantly in the
samples with Unisorb-M and Unisorb-bio, while
Unisorb-Ferro did not significantly change its
activity as compared to the control sample.

The enzymatic activity of oil-contaminated
soil validated the performance of the studied
sorbents. It can be observed in the increase in
the enzyme activity in case of low contamination
and the return of indicators to the control values
in case of high contamination. The only
exceptions are enzymes involved in nitrogen
metabolism: significant contamination increased
the activity only in samples with Unisorb-bio due
to the presence of carbohydrate-oxidizing
microorganisms.

4. CONCLUSION

When introduced into uncontaminated
soil, sorbents Unisorb-M and Unisorb-bio yield an
insignificant decrease in the invertase activity,
while Unisorb-Ferro does not reduce the
invertase activity as compared to the control
sample.

The increase in the activity of saill
enzymes after the introduction of Unipolymer
polymeric sorbents at minimal contamination and
the return to the control values at maximum
contamination confirm the effective performance
of the studied sorbents for remediation of oil-
contaminated soil.

The application of the Unisorb series
sorbents to the oil-contaminated soil with a low
level of contamination (6 g of oil per 1 kg of soil)
doubles the invertase activity.

At a higher level of contamination (60 g of
oil per 1 kg of soil), the urease activity decreases
from 0.63 mg as in the control sample to 0.46 mg
of ammonium nitrogen per 1 g of soil in 4 hours.

The application of sorbents Unisorb-M
and Unisorb-Ferro at high contamination reduces
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the urease activity to 0.39 and 0.43 mg per 1 g of
soil, respectively, while sorbent Unisorb-bio,
containing germ cultures, reliably stimulates the
urease activity and increases the nitrogen
metabolism in oil-contaminated soil.

At the high level of contamination, sorbent
Unisorb-Ferro reduces the proteolytic activity to
0.31 and 0.53 mg of amine nitrogen per 1 g of
soil in 20 hours, thus approaching the proteolytic
activity of uncontaminated soil.

The performance of the studied sorbents
can be validated only in comparison to the
performance in an uncontaminated soil sample. It
was determined that all the studied sorbents did
not significantly change the activity of catalase
and invertase as compared to the control sample.
However, they can reduce the activity of urease
and protease, probably by reducing the activity of
microorganisms in the soil.

The materials of this article can be useful
for EHS professionals and students who study
the environment of the northern petroleum
provinces of Russia.
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Table 1. Average activity of soil enzymes with the application of sorbents

Catalase, Urease, mg of Protease, Invertase,
. . 0.1 n KMnOy4 ammonium mg of amine mg of glucose
Experiment option . . i
ml per 1 gof nitrogen per1 nitrogen per1g per1 g ofsoilin
soilin20 min g of soilin4 h of soilin 20 h 24 h
Control sample 0.3810.02 0.63+0.17 0.700.27 14.442.4
(clean soil)
Soil + Unisorb-M 0.38+0.01 0.30+0.10 0.58+0.12 13.5+£2.1
Soil + Unisorb-bio 0.37+0.02 0.48+0.12 0.61+0.25 13.2£2.0
Soil + Unisorb-Ferro 0.38+0.02 0.37+0.02 0.55+0.12 14.0+£2.2

Soil + o1l + Unisorb-Ferro

Soil + o1l + Unisorb-Bio

Soil + oil + Unisorb-M

Soil + o1l

Control

0 0.1 0.2 03 0.4 0.5
=60 gkeg m6 g/kg

Figure 1. Catalase activity in oil-contaminated soil
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Figure 2. Protease activity in oil-contaminated soil
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Figure 3. Urease activity in oil-contaminated soil
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Figure 4. Invertase activity in oil-contaminated soil
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