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Bioassay as a method of integral assessment
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The development of new technologies and improvement of existing ones for the restoration of oil-contaminated lands,
the neutralization and disposal of oil drilling waste are important measures to solve environmental problems. Bioassay is
successfully used to determine the danger of pollution of environmental objects by oil and oil industry wastes. With the
help of biotests, it is possible to assess the state of contaminated objects, which is not always possible to do by chemical-
analytical methods, considering the complex chemical composition of petroleum hydrocarbons. An analytical review
confirms the need to develop a biotesting system to assess the state of ecosystem components in the event of oil pollution
and to determine the effectiveness of measures to restore them. Taking into account the nature of the pollution, presented
in the article by a number of provisions on the chemical characteristics of petroleum hydrocarbons and the duration of the
recovery processes, bioassay should be carried out at each stage of the reclamation process, in dynamics. Determination
of the degree of neutralization of contaminated objects consists in a step-by-step transfer of the hazard level from a higher
class to a lower one. Bioassay, in this case, remains a mandatory method for determining the total toxicity. In the course of
sample preparation for biotesting, it is advisable to consider the possibility of increasing the bioavailability of hydrocarbon
components. A prerequisite for the use of biotesting is the use of eluate and contact approaches. The main methods that
can be included in the abbreviated scheme for determining the efficiency of remediation of oil-contaminated objects can
be considered the method of biotesting using hydrobionts in the eluate (water extract) and phytotesting performed using
the contact and eluate approaches. The battery of biological tests included in the extended scheme should be developed
taking into account the specific case, taking into account the specifics of the ecosystem components, soil and climatic
conditions, the methods of reclamation used, etc. The strategy for the development of biotesting is closely related to the
solution of issues on the assessment of the real danger of oil pollution and the neutralization of oil drilling waste, which
are among the priority ones.
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Paspaborka HOBBIX 1 COBEPIIEHCTBOBaHIE CYIECTBYIONUX TeXHOJIOIHIT 110 BOCCTAHOBIEGHIIO HeTe3arpss3sHEHHbIX
3eMelib, 00e3BpeskuBanne 1 yrunnsanns HedredbypoBbIX OTX0J0B — BayKHbIE MEPBI 110 PEHICHNIO HYKOJOTMYECKNX PobIIeM.
Buorecrnposanue ycremno IpuMeHseTcs JJisl OIPee/eHIs OIIACHOCTH 3arPsI3HeHIs 00LEeKTOB OKPYIKAIOIIEI Cpejibl
HedThIO 1 oTXOAaMU HeTAHOI 1poMbinTeHHOCTH. C TOMOIIBI0 OHOTECTOB MOYKHO OIEHUTH COCTOSIHUE 3arps3HEHHBIX
00HEKTOB, UTO He BCerjia BOBMOKHO CleJaTh XHMUKO-aHAJINTHYECKIMI METOJLaM I, YUNTBIBAS CITOMHBIIT XUMIUUECKNIT cOCTaB
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HeTAHBIX YITIEBOOPOIOB. AHAINTHYECKUIT 0030 MOATBEPIKAALT HeOOXOAUMOCTH pa3paboTKi clCTeMbl O110TeCTH POBAH IS
TS OIeHKI COCTOSTHIS KOMIIOHEHTOB KOCHCTEMBI B ciiydae Hepresarpsasnents n onpepenerns s3p@erTuBHocTn Mep 1o
ux BoccTanoBiennio. llpunnmas Bo BHUMaHMe XapakTep 3arpsA3HeHns, PeJICTaBIeHHbBII B CTaThe PAIOM MOJOKEHUIT 110
XUMUYECKOI XapakrepucTuke HeTsHbIX YIJIEBOAOPOIOB I JTTUTEILHOCTD IIPOIeCCOB BOCCTAHOBICHMSI, GnoTecTupoBaHue
cJlejlyer TpOBOJIUTL HA KayKJOM ATalle Mpolecca peryJabruBaiii, B AuHamuke. OnpejeseHne crerieHn 00e3BpeskiBaHmsl
3arpsASHEHHBIX 00BEKTOB 3aKII0UALTCS B MOITATTHOM MepPeBOjie YPOBHs OTMACHOCTH 113 Gojiee BHICOKOTO Kaacca B Golee
Hu3Kuii. Bruorecruposanue, B JaHHOM caydae, 0cTaéTest 00513aTesIbHLIM METOJIOM OTIpejie/ieHIsi CyMMapHOI TORCUYHOCTH.
B xope npo6omoproroskn obpasia st 6u0TecTHPOBAHUS 11e1ec000Pa3HO PACCMOTPETh BO3MOMKHOCTL YBeJMYeHUsI
OMOJOCTYITHOCTH YTITeBOJOPOIHBIX KOMIOHEHTOB. O0s13aTe/IbHBIM YCJIOBIEM HPUMeHeH!si OMOTeCTHPOBAHNS SBIISETCH
MCII0JIb30BAHUE DJTI0ATHOTO 1 KOHTAKTHOT'O 110/1X0/10B. OCHOBHBIMY METOfIaM U, KOTOPbIE MOT'YT BXOJIUTH B COKPAIIGHHYIO CXEMY
onpesenerust 3OeKTUBHOCTH peRyIbTHBAIINN Hehre3arpss3HEHHBIX 00'bEKTOB, MOKHO CUNTATHL METOJi GIOTECTHPOBAH ST
¢ MCMOJIb30BAHIEM TUAPOOMOHTOB B djfoate (BOJHAA BBHITSAMKKA) 1 (PUTOTECTHPOBAHNE, BHITOJHEHHOE ¢ PUMEHeHNeM
KOHTAKTHOTO 1 HJI0AaTHOTO 110/1X0/toB. barapest 61osornyeckix TecToB, BXOJSAINIUX B PACIINPEHHYIO CXEMY, 0JI3KHA ObITH
paspaborana ¢ yaéToM KOHKPETHOTO CJIydast, yYuThiBast el uKky KOMIIOHEHTOB SKOCHCTEMbI, [I04BEHHO-KIMMATHYECKIX
YCJIOBUIL, NCTOTB3YEMBIX CI10C000B perynbTuBar n ap. Crparerns pasBuTus 0OMOTECTHPOBAHUS TeCHE M 00pazom
CBsI3aHA C PEIIeHIEM BOIIPOCOB 110 OI[eHKEe PeaIbHOIl oracHOCTH HeTAHBIX 3arpsi3HeHn il 1 06e3BpesRuBanmnio HedTedypoBbIX

OTXO/IOB, OTHOCAIINXCA K YUC/TY HPUOPUTETHBIX.

Karouesste crosa: Guorectupopaniie, GUTOTECTUPOBaHIE, OTXO/bI HedTe0ObIBAIOIIEIl TPOMBIILIEHHOCTH, PEKYJIb-

TUBaIMsA, RJIacC OIacHOCTU, D9KOTOKCUKOJIOIMA.

According to the official statistics of the
Ministry of Energy of Russia, the level of oil
production in 2020 amounted to 512.8 million
tons [1]. The process of self-cleaning of natural
objects takes quite a long time, especially in
extreme climatic conditions [2]. In this case, a
special protective function is assigned to soils,
in connection with which the use of biotesting
methods for assessing the integral toxicity of soil
samples is an urgent issue.

Monitoring and control of the remediation
process is important at all stages, and assess-
ment of the state of oil-contaminated soils is
possible using biological methods. When car-
rying out biotesting, it is necessary to take
into account specific methodological nuances,
which are not always clearly spelled out in the
methodological recommendations. For example,
the death of Daphnia in a water extract from the
waste, established within 48 hours, may not ex-
ceed 10%, but the morphological state of the test
object indicates a significant negative impact:
individuals of Daphnia are smaller than in the
control test, their trophic activity is minimal,
and only with a longer exposure (96 h) leads to
the death of the test organism [3].

The system of biotesting methods for assess-
ing the effectiveness of methods for reclamation
of soil contaminated with oil and waste from the
oil industry, first of all, includes a set of biotests
recommended by the regulatory document for
determining the hazard class of waste (SanPiN
2.1.7.1386-03), but even for them there are nu-
ances that associated with the specificity of the
pollutant, which should be paid attention to.

The toxicity of soils, determined by the phy-
totesting method, directly in the soil is higher
than the toxicity of aqueous extracts from the

same soils [4]. The purpose of the review is to
summarize the available experimental data on
the effectiveness of using biotesting methods
to establish toxicity in environmental objects
during the remediation of oil-contaminated
ecosystem components.

Objects and research methods

This review uses publications of both domes-
tic and foreign authors (57 sources), covering
the time period from 2000 to 2021. Relevance
ininformation search was obtained by accessing
the following scientific search engines: Russian
scientific electronic library eLIBRARY.RU,
Google scholar, Scopus/ScienceDirect. Foreign
scientific electronic resources: Elsevier, Spring-
er, ResearchGate, PubMed, Mendeley were
searched by keywords and phrases: “bioassay”,
“drilling slurries”, “reclamation”, “pollution
of oil products”, “bioassay of oil-contaminated
soils”.

Chemical components of oil affecting the
toxicity of oil-contaminated samples

Petroleum hydrocarbons, represented by
persistent organic pollutants (POPs) and poly-
cyclic aromatic hydrocarbons (PAHs), have a
serious impact on the environment, polluting
soil and water, and pose a threat to both humans
and ecosystem components as a whole [5]. Of
the entire list of PAHs, as a rule, only benzo|a]
pyrene is standardized, which is a carcinogen and
belongs o the 1st hazard class. However, this
PAH has poor solubility, and chemically more
active and readily soluble PAHs are not taken
into account in Russian regulatory documents
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[6]. Thus, the toxicity of petroleum products is
determined by the hydrocarbon composition,
and the toxicity of a mixture of hydrocarbons is
higher than that of its individual components
[7]. On the one hand, these provisions force the
development of biotesting methods that allow
determining possible toxic effects [8] and, on the
other hand, resort to the use of sample prepara-
tion techniques for biotesting with possible pre-
liminary dissolution of the organic compounds
present, thereby increasing the toxicity index of
the sample [9].

Alkanes, naphthenes and aromatic compo-
nents can be processed by microorganisms, and
the lighter fractions of these compounds can be
completely degraded. Cyclic hydrocarbons are
heavier fractions that are resistant to bacterial
attack [10]. In connection with these provisions
on the characterization of hydrocarbon pollution,
the battery of biotests is expanding, bacterial
test systems are widely used [11]. In addition
to hydrocarbon pollution, during accidental oil
spills, readily soluble mineral salts are often
supplied to the soil, which are present in crude
oil in the composition of formation waters and
can also have anegative impact on biogeocenoses
[12,13].

The study of the composition of organic
compounds contained in oil sludge, which is nec-
essary to determine the toxicity of these samples
[13], can be performed at the final stage, based
on the results of biotesting, which will signifi-
cantly reduce the time and financial costs for the
chemical analysis of hydrocarbons.

Bioassay as a stage of control of efficiency
of recultivation of oil-contaminated areas

In soil remediation, the following methods
are used: mechanical, physicochemical, agro-
technical, microbiological, phytomeliorative
[14]. The goal of reclamation is to reduce the
oil content in soil and water to safe concentra-
tions. Land reclamation should be carried outin
accordance with Russian State Standard GOST
R 57447-2017 in two main stages: technical and
biological [15]. This indicator acts as the main
and fundamental criterion after reclamation and
other restoration work [16]. Determination of
the mass fraction of petroleum products in soils
according to the regulatory document PND F
16.1:2.2.22-98 is relevant, but the expediency
of referring to this indicatoris justified provided
that the main volumes of the liquid fraction of
petroleum products are removed, in cases of
monitoring the effectiveness of reclamation, de-

termining further stages of disposal of contami-
nated samples or the way of operation contami-
nated object. When quantitatively assessing the
level of oil pollution, the fluorimetric method is
widely used using the Fluorat-02 liquid analyzer
(PND F16.1: 2.21-98), as well as the methods of
gas and gas-liquid chromatography [17].

Another widespread and promising reclama-
tion technology is bioremediation. It is a process
in which bacteria, fungi and plants decompose,
transform and help remove pollutants while
maintaining the integrity of the ecosystem. An
increase in microbial density through the intro-
duction of organic substances (compost, sewage
sludge, etc.), promotes the acceleration of the
decomposition of pollutants. Bioremediation can
be carried out using biostimulation of aboriginal
microflora or by introducing specialized micro-
bial preparations designed to cleanse polluted
ecosyslems [18]. Preparations, ameliorants and
materials used in this technology are prelimi-
narily evaluated in laboratory conditions using
biotest cultures [19].

Not all chemically hazardous compounds
can be known, and their metabolites can be
formed during biogeochemical processes [20].
At present, biotesting is widely used to con-
trol natural environments when justifying the
permissible exposure to pollutants [21]. De-
termination of the degree of neutralization of
contaminated objects consists in a step-by-step
transfer of the hazard level from a higher class
Lo a lower one [22]. Obviously, to determine the
dynamics of the hazard level of oil pollution of
ecosysltem components, one can use biological
tests included in the scheme for the experimen-
tal determination of the hazard class of waste
(methods of biotesting on hydrobionts and in
phytotest mentioned in the regulatory document
SP 2.1.7.1386-03). According [23], most of the
names of drill cuttings generated during oil
production belong to the fourth class of hazard
to the environment, and waste from the produc-
tion of petroleum products belongs to the third
class. This paradoxical information on individual
components is in no way consistent with serious
environmental disturbances, which once again
emphasizes the relevance of choosing additional
biotesting methods and revising the criteria for
an adequate assessment of the state of the pol-
luted environment (water, soil) with their help.
It seems possible to use a reduced and extended
biotesting scheme for an integrated assessment
of the remediation of ecosystem components.
The abbreviated scheme has a strictly limited
number of tests (2—3 biotests). Taking into ac-
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count the specifics of oil pollution, itis important
that this limited set of tests be performed taking
into account the necessary sample preparation
and/or methodological approach: in an aqueous
medium using a water extract — eluate approach;
in a solid sample (for example, oil-contaminated
soil) — the contact approach.

The expediency of a combination
of eluate and contact biotesting

Itisimportant to take into account that bio-
testing in an aqueous extract can be accompanied
by significantly underestimated results in deter-
mining the degree of toxicity, while substrate
biotesting allows a more complete assessment
of the level of contamination. The main advan-
tage of direct contact is that there is an interac-
tion between the soil and the experimental test
organisms, which increases the bioavailability
of the contaminant. It is the use of the contact
approach in biotesting increases the probability
of accounting for presence of heavy metals in oil
sludge increasing its toxicity. In this connec-
tion, the comparative analysis of phytotoxicity
established using different approaches (eluate
and applicate) differs significantly [24].

A comparative analysis of the sensitivity of
two approaches (contact and eluate) in deter-
mining the toxicity of excess activated sludge
of biological treatment of oily wastewater is
presented [25]. Biotesting using radish (Ra-
phanes sativus 1..) and watercress (Lepidium
sativum L.) seeds showed that aqueous sludge
extracts at concentrations of 100, 50, and 25%
were non-toxic. During testing by the contact
method, directly on the sludge, a suppression
of seed germination (100% phytotoxicity) was
observed.

Contact tests, in contrast to eluate tests, can
increase the bioavailability of pollutants and,
thus, increase the toxicity index. The use of sub-
strate bioassay, which provides direct contact of
the tested organism with the test sample, allows
one to establish the level of cumulative exposure
from pollutants present in solid substrates [26].

The use of aquatic organisms to assess
the toxicity of oil-contaminated objects

The essence of the biotesting method is to
determine the effect of toxicants on specially
selected test organisms with a sensitivity es-
tablished under standard conditions with the
registration of various behavioral, physiological,
or biochemical parameters (test reactions) [27].

Although biotests fail to identify specific toxic
compounds, the combination of various test sys-
tems used is indicative to determine the ecotoxicity
of soils, both contaminated with oil hydrocarbons
and those that have been reclaimed [9].

There is evidence that the biotesting method
makes it possible to record the toxic effect of aque-
ous filtrates of oil-contaminated peal, even in cases
where the oil contentis not detected by instrumen-
tal methods (IR spectrophotometry) [28].

In cases where there is a danger of oily prod-
ucls entering water bhodies, the use of aquatic
organisms in biotesting is justified. Moreover,
it should be borne in mind that along with the
risk of migration of pollutants into groundwater,
lateral washout into water bodies can also occur.

One of the most common test cultures used
in ecoltoxicological research is Daphnia magna
Straus. It is a sensitive test organism that re-
acls sensitively to the presence of oil products
of various fractions and mass concentrations in
water [29]. The test response was observed in
the range of concentrations of oil products from
0.012 to 200 mg/dm? [30]. D. magna was most
affected by the heaviest oil fractions of petro-
leum products. 100% reaction to the effects of a
toxicant during the first hour from the moment
of the experiment was observed at a kerosene
concentration of 20 mg/dm?, oily waste —
0.45 mg/dm?. Biotesting of drill cuttings and drill-
ing mud using daphnia showed that both toxicants
in the concentration range of 1.0-2.0 g/L are
toxic, and only the content of 0.5 g/L in water
did not have a negative effect on the vital activ-
ity of crustaceans. An increase in exposure (0
25 days (chronic experiment) increased the
negative effect of drill cuttings on daphnia, and
at the maximum concentration for 10 days, all
individuals died. By the end of the experiment,
the death of daphnia at a concentration of 1.0
and 0.5 g/L was 50 and 10%, respectively [31].

The death of 50% daphnia was observed
at a concentration of 0.25 mL/L of heating oil,
1.3 mL/Lofdiesel fuel and 5.5 mL/L of aviation
gasoline. Oil was characterized by a sufficiently
high toxicity for cladocerans; the death of 50%
of test objects was recorded al a concentration
of 0.86 mL/L. The minimum inoperative were
6.1 - 102 mL/L of fuel oil, 3.7 - 10 mL/L of
diesel fuel, 0.53 mL/L of aviation gasoline and
1.8 - 103 mL/L of oil [32].

In an experiment with the removal of oil-
contaminated soil from lakes, an improvementin
the ecological state of water bodies was observed,
which affected the life of D. magna. After clean-
ing the lake, neither acute nor chronic lethal ef-
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fect on D. magna was observed, the survival rate
of crustaceans in an acute experiment (4 days)
was 100%, in a chronic one (30 days) — slightly
(by 10%) below the control or at the control
level [33].

Based on the results of biotesting on the
D. magna test culture, it was found that the ac-
tual level of harmless concentrations of oil prod-
ucts dissolved and dispersed in natural water at
sampling points within the oil pollution spot on
the Serebryanaya Volozhka channel (Astrakhan,
Russia) is 1.4—1.5 times lower than the MPC for
oil products for fishery water bodies [34].

Paramecium caudatum Ehrenbergis another
crop used in the experimental determination
of the hazard class of waste and for biotesting
samples contaminated with oil and oil products.
In a series of experiments on the impact of crude
oil from the Luginetskoye field, the number of
freshwalter ciliates of the P. caudalum species
was determined in laboratory conditions for
18 days until 50% mortality was established
[35]. These changes in the number of ciliates
show that all the concentrations of crude oil
used in the experiment (50, 100 and 200 mg/L)
cause an increase in the number of parame-
cia on certain days of observation and reduce
their number. For ciliates at a concentration of
50 mg/L, the mortality rate of 50% of individuals
was established on 18 days of observation, at a
concentration of 75 mg/L —on 12 days, with the
introduction of 100 mg/L and 200 mL/L of oil —
on 6 and 5 days, respectively. Due to the high
sensilivity, this test culture and the possibility
of automatic fixation of the death of P. caudatum
[36], the reproducibility of the results signifi-
cantly increases, which makes this method very
promising.Another indicator of toxicity when
using the biotesting method with a culture of
Paramecia can be the chemotaxis reaction based
on the ability of ciliates to move in the direction
or from the source of chemical exposure. Intact
paramecium was placed in a clean drop of water
connected to the second drop of a suspension of
oil-contaminated soils. On day 1, the control in-
dividuals were almost evenly distributed in both
drops of water; later they were concentrated in
one of the drops of pure water [37].

The problem of secondary pollution often
arises after the remediation of oil spill lands. The
obtained results of secondary pollution showed
that the adsorptive preservation of oil in the soil
increases ils toxicily, and this has a detrimental
effect on living organisms and on the state of the
soil as a whole. Changes in the survival rate of
P. caudatum ciliates were studied at different

periods of storage of samples of extracts from
soils with different periods of oil pollution. It
was found that with prolonged conservation of
oil-contaminated soils (up to 6 months), the sur-
vival rate of ciliates decreased, and the toxicity
of aqueous extracts increased [38].

Itis known that one of the regularities of the
toxic effect of oil pollution on protozoa is the al-
ternation of suppression and stimulation of their
biological functions. The stimulating effect of a
potentially toxic substance is provided due to the
mobilization of the body’s reserve resources, and
if the negative effect does not exceed this adap-
tive resource, then the stimulation can persist
for a long time [39].

The test using a representative of the sim-
plest — ciliary ciliates tetrahymen (Tetrahymena
pyriformis Ehrenberg) is now widespread and
generally accepted, convenient in cultivation and
testing. Due to the fact that the ciliate is both a
cell and an organism, it is possible to assess the
effect of toxicants both at the cellular level and
al the highest level of organization [40].

Thus, among the considered tests using
aquatic organisms, especially in cases associated
with oil pollution and potentially possible migra-
tion pollution of waters, cultures of D. magna,
P. caudatum, T. pyriformis can be recommended
for assessing toxicity at all stages of work on
recultivation of oil-contaminated areas.

Use of higher plants for toxicity
assessment of oil-contaminated facilities

One of the available methods of biolesting
contaminated soils is phytotesting — diagnostics
using plantorganisms [41]. Phytotesting makes
it possible to assess the total pollution, i. e., not
only oil, but also from other by-substances that
pollute the soil during oil production [42]. An
express phytotest was proposed to measure the
germination of seeds of white clover (Trifolium
repens L..) [43]. The phytotest was developed on
the example of a gray forest soil contaminated
with diesel fuel or copper(1I), and tested in the
course of many years of experiments on the
adsorption bioremediation of oil-contaminated
soils. The sensitivity of the proposed method is
quite high, since it can record a 10% increase
in phytotoxicity of oil-contaminated soil at a
concentration of the total amount of petroleum
hydrocarbons of 1-5 g/kg, which is close to their
MPC (1 g/kg) for reclaimed technogenic soils.

Considering that the germination of plant
seeds in oil-contaminated soil is mainly deter-
mined by the availability of water and oxygen for
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them, and not by the toxicity of oil [44], plants
that are sensitive to this pollution are used as test
cultures. Foroil products and PAHs, these can be
seeds of Lactuca sativa L., Sorghum saccharatum
L., and Sinapis alba 1. [27]. It was found that the
rate of decrease in the content of petroleum hy-
drocarbons at subsequent stages of the recovery
process correlates with the level of phylotoxicity,
and therefore, these crops can be used to assess
toxicity at all stages of bioremediation of soil
contaminated with diesel fuel [21, 45].

The effect of oil on plants during soil con-
tamination can be divided into direct toxic
(stimulating) effect of hydrocarbons and other
substances contained in oil, and indirect, in
which changes in soil properties and transforma-
tion of the soil microbial community are possible
[46]. Therefore, to assess the toxicity of samples
with oil pollution, itis advisable to include in the
phytotesting scheme, in addition to laboratory
express methods, long-term chronic (vegeta-
tion) experiments.

In long-term experiments, when determin-
ing the degree of pollution impact on plants, a
combination of factors influencing the bioavail-
ability of pollutants is reflected. For example, as
the concentration of oil increases, as well as in
soil without plants, the number of saprotrophic
micromycetes increases in the rhizosphere and
on the surface of plant roots (rhizoplane); howev-
er, in the zone of the rhizosphere and rhizoplana
this increase is more significant [47].

The discrepancies in the results of assessing
the toxicity of oil by the phytotesting method can
be dictated by the lack of a unified control, i. e.,
the changes are associated with the activity of
the substrate into which this pollutant enters.
Evaluation criteria should be at least two indi-
cators: seed germination and plant growth at
the juvenile stage. Germination depends on the
internal energy of the plant’s seed. Phytotesting
methods based on the response of plants to the
negative impact of pollutants are capable of pro-
viding reliable information about the quality of
soils, have high sensitivity, versatility, integrity,
and simplicity [41, 48].

Phytotesting carried oul using the test
of the culture of cress (Lepidium sativum 1..)
made it possible to establish patterns in the
change in the level of pollution and the state of
oil-contaminated substrate during reclamation
work using sorbents [49]. Oil was added to the
soil at concentrationsof 1, 5, and 10% of its mass.
During the entire study period, in variants with
the use of sorbents, a tendency to an increase in
the biometric parameters of watercress seedlings

was observed. A vivid example of the effective
use of phytotesting in the recovery of highly
oil-contaminated soils is the results of studies of
samples taken from lagoons-settling tanks us-
ing six species of higher plants: Secale cereal L.,
Lactuca sativa 1., Zea mays L., Lepidium sali-
vum L., Triticum vulgare 1., and Brassica olera-
cea L. [9]. In the ecotoxicological analysis, two
lest paramelers were investigated: seed germi-
nation and root length. The phytotesting results
were compared with the results for acute toxicity
according to other biotests: with luminescent
bacteria Vibrio fischeri, ciliated protozoa Spiro-
stomum ambiguum Ehrenberg, with newborn
freshwater crustaceans ostracods Heterocypris
incongruens Ramdohr. The comparability of the
results, emphasize that during biogeochemical
processes in the soil, more toxic metabolites or
compounds can be formed.

Analysis of literature data confirms that
phytotesting can be successfully used to detect
oil pollution. It is important to use test cultures
that are most sensitive to this type of contami-
nation.

Use of additional analyzes to assess the
toxicity of oil-contaminated objects

There is growing interest in the inclusion of
several toxicily tests during remediation at the
same time (with a battery of different analyzes),
for a more complete ecotoxicological assessment
of contaminated soils.

Such a search was carried out in an ex-
perimental work on the screening of the toxic
hazard of oil-contaminated bottom sediments,
in which the authors used the eluate test for
P. caudatum in conjunction with the contact test
for crustaceans Ceriodaphnia affinis Lilljeborg
and Hyalella azteca Saussure [90]. A group of
authors has developed a test system consisting
of the microbial strain Pseudomonas putida [51].
In another work [52], it is proposed to use the
gram-positive bacterium Bacillus pumilus KM-
21 as a test culture to determine the toxicity of
HM and the possibility of this method for assess-
ing the toxicity of oil waste. The authors of [53]
propose to use three test objects for ecotoxico-
logical assessment: hydrobionts (D. magna), soil
microorganisms (soil respiration), and higher
plants (Avena sativa). In world practice, an in-
tegral estimate is widely used, calculated taking
into account the results of a set of methods used —
the Triad approach [54]. This approach, along
with biotesting, which reflects the ecotoxicologi-
cal characteristics, includes methods of chemical
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analysis and bioindication parameters taking
into account the biological activity and response
of microbial communities.

The promising application of biotesting soils
and water bodies contaminated with oil and oil
products not only with the help of higher plants,
but also with the help of a bioluminescent test
for photobacteria [55]. The use of these meth-
ods, which determine the reducing activity of
microorganisms in conjunction with growth
tests on bacleria and microalgae, reflects the
pollution of water and soil with oil products.
The sensitivity of contact and eluate tests using
microbial test organisms V. fischeri (biolumi-
nescence inhibition test) and Azomonas agilis
Beijerinck (dehydrogenase activity test) has also
been reported [56].

The toxicity found in tests based on the use
of direct contact with the sample (applicate test-
ing methods) correlates more closely with the
results of physicochemical analyzes. Currently,
itis the “tests of direct contact” with the soil, for
example, with the earthworms FEisenia foetida
Michaelsen, the standard test GOST 33036
2014, in which bioindicators are in close contact
with toxic substances adsorbed on soil particles,
that are quite promising. Soil pollution with oil
has a long-term negative effect on soil animals,
causing their almost complete elimination in the
obligate zone of pollution and a sharp decline in
numbers even with weak pollution. The toxic
effect of oil on earthworms is determined not
only by the intensity of pollution, but also by
the morpho-ecological characteristics of certain
species and their belonging to different natural
and climatic zones [57].

Bioassaying aquatic organisms and higher
plants to assess oil pollution are well-studied, but
not the only methods. The use of bacteria as test
organisms is currently being actively studied due
to the fact that these test organisms are highly
sensitive to the pollutants under study and grow
well in laboratory conditions. These data can be
used to create mandatory methods for biotesting
oil-contaminated objects and are included in the
biotest system, in which the presence of repre-
sentatives of all the main kingdoms of the living
isimportant: bacteria, fungi, plants and animals.

Conclusions

Despite the fact that there is no universal
test system for the determination of all existing
toxicants, biotesting as a method of integral
assessment is successfully used as a tool for
environmental monitoring. Biolesting has a

good potential for evaluating the effectiveness
of technologies for cleaning and restoring oil-
contaminated components of the ecosystem,
which is advisable to carry out in dynamics.

Taking into account the low bioavailability
of pollutants (hydrophobic organic toxicants), it
is advisable to use eluate and contact biotesting
approaches as complementary to each other. To
improve the accuracy of biotesting results in
the course of determining the toxicity of hetero-
geneous oily components in combination with
other toxicants, the possibility of using sample
preparation reagents for dissolving/leaching
poorly soluble organic compounds should be
considered.

The biotesting system can be represented by
reduced (basic version) and extended schemes.
To select the battery of biotests used in the
abbreviated scheme, it is possible to propose
methods using aquatic organisms and plants,
which are recommended in environmental and
hygienic legislation. Hydrobionts D. magna
Straus or P. caudalum Ehrenberg are sensitive
test organisms and are able to diagnose both
acute and chronic toxicity of aqueous extracts
of oil-contaminated objects. Higher plants
L. sativa L., S. saccharatum L., A. sativa L., and
S. alba 1. are widely tested and are used as a test
culture for phytotesting oil-contaminated soils.
These biotesting methods comply with Russian
state standards and methodological recommen-
dations, have a clear execution protocol and are
used to assess the effectiveness of reclamation
techniques.

The extended research scheme is carried
out taking into account the specifics of the
contaminated objects, reclamation measures
and according to the results obtained in the ab-
breviated scheme. The extended scheme covers
awide range of tested organisms and their reac-
tion levels: higher plants, soil biota, protozoa,
hydrobionts, microorganisms, luminescent
bacterial tests, biochemical enzymatic meth-
ods, elc. Selection of a complex of sensitive and
physiologically different test cultures, determi-
nation of informative test indicators, the choice
of highly reproducible methods, a summary
approach to effective assessment, processing of
results, automation of methods are the necessary
conditions for the biotesting system to assess the
effectiveness of reclamation measures.

To develop a unified strategy for classifying
oil pollutants and determining their real hazard,
scientific institutions need to establish commu-
nication with regulatory organs that are involved
in the prevention of environmental hazards.
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