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Abstract: Biological methods of processing petroleum products are the most
effective and environmentally friendly. Use of biological products containing
hydrocarbon-oxidizing microorganisms for restoration of anthropogenically al-
tered soils may reduce their general toxicity and restore their fertility. The article
presents data on the effect of the saprophytic strain of Bacillus pumilus, a nat-
ural sorbent (bentonite) and their combination on the phytotoxicity indicators
of petroleum-contaminated soils. The choice of B. pumilus as a model micro-
organism was associated with its high enzymatic activity, particularly with re-
spect to petroleum hydrocarbons, its biological safety and high adhesive ability,
which makes it possible to obtain immobilized forms of a biological product on
sorbent granules. Our laboratory tests established that the most pronounced
decrease in phytotoxicity indicators of petroleum-contaminated soils was ob-
served in samples with high concentrations of bentonite sorbent and B. pumilus
bacteria introduced into the sample. Besides, the level of phytotoxicity in soil
samples depended on the duration of the presence of both sorbent and bacte-
ria. The obtained results yielded the prospects designing innovative biological
products based on the saprophytic bacterium, B. pumilus, and the natural sor-
bent, bentonite, for the effective restoration of soils exposed to the petroleum
pollution.

Keywords: petroleum pollution, biodegradation, phytotoxicity, Bacillus pumilus,
bentonite.

Introduction

Environmental pollution with petroleum and its derivatives is a global
environmental problem [1, 2]. Petroleum products have a toxic effect
on plant communities and microbiota, which contributes to a de-
crease in soil productivity, a change in its enzymatic activity; and in
some cases, it leads to the soil exclusion from agricultural use [3, 4].
Various methods are used to rehabilitate petroleum-contaminated
soils. However, according to the Federal Standard No. R 57447-2017,
biotechnological methods are the most effective and environmentally
safe [5, 6, 7]. Although natural self-purification in soils occurs under
existing environmental conditions, this is a long-term process, which,
on one hand, is limited by the presence of light petroleum fractions
that are most toxic for living organisms; and on the other hand, by
the presence of complex aromatic structures that are not prone to the
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biodegradation [8, 9, 10, 11]. To intensify the process,
biological products are employed, which include
hydrocarbon-oxidizing microorganisms [12, 13, 14].
Incorporating certain components of petroleum in
their metabolic processes, they help reducing soil
contamination and restoring soil quality. However,
the search for new biodegradable bacterial strains
remains topical. Previous studies have made it pos-
sible to establish high hydrocarbon oxidizing ability
in saprophytic bacteria, Bacillus pumilus [15, 16, 17].
Hence, the goal of our study was to assess the effect
of B. pumilus strain and natural sorbent (bentonite)
on phytotoxicity of soils with long-term petroleum
pollution.

Materials and Methods

Determination of phytotoxicity in petroleum-con-
taminated soil samples was carried out on the basis
of the Scientific and Educational Center, Industrial
Ecology, at Yuri Gagarin State Technical University
(SSTU). The object of our study was petroleum-con-
taminated soil obtained from the landfill (Village
of Kolontaevo, Moscow Oblast). The previously in-
vestigated soil sample was autoclaved at 1 atm to
destroy the asporogenic and sporogenic indigenous
microflora. A bacterial culture of B. pumilus from
the collection of the Department of Microbiology
and Plant Physiology of Saratov National Research
University, a natural sorbent (bentonite), as well
as their combinations, the optimal concentrations
of which were selected experimentally, were in-
troduced into petroleum-contaminated soil sam-
ples. The choice of the bacterial strain of B. pum-
ilus was due to the fact that previous studies have
established its biological safety, high enzymatic
and adhesive capabilities, which made it possible to
consider it as a component of a biological product,
as well as to design its immobilized form on ben-
tonite granules, the choice of which was associated
with its high porosity and sorption capacity [18, 19].
The bacteria were grown on Meat Peptone Agar at
a temperature of 28 °C for 24 hours. Then a sus-
pension was prepared in physiological solution ac-
cording to a turbidity standard of 10 U (sensu State
Scientific Research Institution of Standardization
and Control). Further on, the suspension was added
to investigated soil samples at the rate of 1 ml per
100 g of material. We used the following soil sample
options, which contained various combinations of
sorbent and bacteria:

1. Control: an initial sample of the studied soil

2. S1: 84 g of sorbent

3. S1B: a suspension of bacteria and 84 g of sorbent
4. S2B: a suspension of bacteria and 168 g of sorbent
5.S2:168 g of sorbent

6. B: suspension of bacteria.

To study the phytotoxicity of the studied soil
samples, we used the so-called seedling method
(FR1.39.2006.02264), which makes it possible
to assess the dynamics of the toxic effect of pe-
troleum products and the change in soil toxicity
when bacteria and sorbent are added to the sam-
ples. Radish seeds (Raphanus sativus) were used as
a test culture; 10 seeds were placed on filter paper
in Petri dishes and moistened with prepared soil
extracts of control and experimental soil samples.
As they were drying, the seeds were re-moist-
ened. The first measurements of the root length
and aerial part of the seedlings were performed
on the 4th day, and the numbers of germinated
seeds in the control and experimental samples
were counted. The second measurement of the
vegetative parts of the plants was conducted on
the 12th day of the experiment. According to the
proposed methodology, the following parameters
were determined:

1. Mean value of the lengths of the aerial and root
parts of germinated seeds;

2. Seed germination energy;
3. Toxicity index of evaluated factor.

Germination energy (B) was calculated using the
formula:

B - % x 100% , (1)
where a is a number of germinated seeds;

B is a total number of seeds in the experiment.

On the basis of seed germination energy values, we
E:;i;l;'lated the toxicity index of the evaluated factor

TIF = TF./ TF., (2)
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Figure 1. The mean values of the lengths of the root and aerial parts in germinated seeds of Raphanus sativus, treated with soil

extracts (2-day exposure)

where TF, is the value of registered test function in
the experiment;

TF. is the value of registered test function in the con-
trol (65 %).

According to the assessment scale of soil toxicity,
the following soi pollution grades were established.

1. Stimulation: TIF > 1,1;

2. Norm: TIF = 0.91-1.10;

3. Low toxicity: TIF = 0.71-0.90;

4, Medium toxicity: TIF = 0.5-0.7;

5. High toxicity (LD50): TIF < 0.5;

6. Extremely high toxicity: TIF = 0.

To test the statistical significance of ob-
tained results, our studies were carried out in

five replicates. Statistical processing of the re-
sults was conducted using the Statistica 6.0

software package (for Windows; Stat Soft, Inc., USA),
Statgraph (Version 2.6; Coulter), Microsoft Excel
2003 (for Windows XP). The results were considered
statistically significant at p<0.05.

Results and Discussion

We established that when the seeds of R. sativus were
treated with both control and experimental soil ex-
tracts, the root part in seedlings was still absent on
the 4 day from the onset of the experiment. The ae-
rial parts of the seedlings, treated with experimen-
tal samples of soil extracts, grew more intensively
than in the control sample, and the strongest stim-
ulation of plant growth was observed when treated
with a sample of soil extract S2 (Figure 1). On the 12
day from the onset of the experiment, the root part
was formed by all radish seedlings and the high-
est growth intensity was exhibited when they were
treated with soil extracts S2 and B. Similar results
were obtained for the aerial parts of the test object.

We were interested to evaluate the effect of the du-
ration of the presence of B. pumilus and bentonite,
separately and in combination, on the phytotoxicity
of petroleum-contaminated soils. With this goal
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Figure 2. The mean values of the lengths of the root and aerial parts in germinated seeds of Raphanus sativus, treated with soil

extracts (30-day exposure)

in mind, test samples of petroleum-contaminat-
ed soils were left for 30 days at room temperature.
Further studies were conducted in a similar way. We
established that on the 4™ day from the onset of the
experiment, the root part of seedlings was still ab-
sent when the seeds were treated with soil extracts
of all samples of petroleum-contaminated soils, and
the aerial part was most intensively formed when
exposed to soil extracts from the samples S2 and B
(Figure 2). On the 12 day from the beginning of the
experiment, the formation of the root part of R. sa-
tivus was significantly higher than the analogous
values in the previous experiment, and the strongest
stimulating effect was discovered for samples S4B
and S5. The aerial part of R. sativus by the 12" day
was also formed more intensively in comparison
with the values of the previous experiment, and the
best results were also obtained when the seeds were
treated with soil extracts of samples S2 and B.

Evaluation of seed germination energy in R. sativus
showed that its values were in the range of 20—80 %
and depended on the amount of the applied sorbent
and the time of the presence of B. pumilus and ben-
tonite in the samples of petroleum-contaminated

soils (Figure 3). Whenever B. pumilus bacteria and
sorbent were introduced 30 days before the start
of the experiment, soil extracts from such samples
contributed to a higher germination energy of R. sa-
tivus seeds.

It was established that the toxicity of soil extracts
samples depended on the duration of the presence
of B. pumilus bacteria, bentonite and their combi-
nation in petroleum-contaminated soil samples
(Figure 4). It was revealed that the presence of the
studied components in samples of petroleum-con-
taminated soils for only 2 days did not have a sig-
nificant effect on the toxicity of soil extracts: S2B,
S2, and B exhibited an average degree of toxicity,
whereas S1 and S1B had high toxicity, similar to the
control sample.

The presence of B. pumilus, bentonite, and their
complexes in petroleum-contaminated soil samples
for 30 days contributed to an intensive reducting in
their toxicity indicators. For example, both control
sample and experimental sample S1 were character-
ized by low toxicity, TIF values for samples S1B and
S2B corresponded to the norm, and the soil extracts
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from samples S2 and B stimulated the growth of R.
sativus. The reduction in toxicity indicators in the
control sample occurred, probably, as a result of the
processes of abiotic transformation of petroleum
products.

Conclusion

The introduction of the B. pumilus bacterial strain,
bentonite, and their combination, into the samples
of petroleum-contaminated soils led to a decrease
in soil phytotoxicity, the level of which depended
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