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Abstract. Bivalved molluscs are natural filter feeders of the aquatic environment due to their physiological character-
istics. Passing sea water containing emulsified oil through them, they bind its droplets in pseudofeces, thereby accel-
erating water self-purification. Mussels prove to be resistant to oil pollution. Experiments have shown that in aquari-
ums with mussels the content of petroleum hydrocarbons decreases faster than in the tanks without mussels. The inter-
action of mussels with oil has been studied in detail. It has been established that when passing through the body
of mussels the group composition of oil products changes. Oil resignification is noted, which is also observed during
its natural weathering. Currently, for the post-purification of natural ecosystems from oil pollution, the method of in-
troducing active hydrocarbon-oxidizing microorganisms is widely used, often with the simultaneous incoming of addi-
tional biogenic elements, the so-called bioaugmentation. In this regard, the study of the interaction of oil-oxidizing
microorganisms and molluscs is of practical and scientific interest. The aim of the work was to study the interaction
of hydrocarbon-oxidizing microorganisms on molluscs Unio and other components of the microecosystem when mod-
eling the process of oil pollution. A study was made of river water, soil and molluscs Unio from model microecosys-
tems for contamination by saprophytic and hydrocarbon-oxidizing microflora with the additional introduction of hy-
drocarbon-oxidizing microorganisms — Serratia grimesii and Bacillus sp.3 under conditions of Caspian oil pollu-
tion.The values of the bacterial composition of saprophytic and hydrocarbon-oxidizing microflora obtained in the ex-
periment suggest that the processes of restoration and reclamation of a water body take place due to the structural and
functional organization of ecosystems and communities.
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Bausinue yrijieBogopo10KHCIISIIOIMUX IITAMMOB
Serratia grimesii u Bacillus sp.3 Ha MUKPOLIEHO3 MOJIJIIOCKOB
U KOMIIOHEHTBI IKOCHCTEM MO0/ Bo3AelicTBHEM HeQTAHOTO 3arpsi3HEHUSI -
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AHHoTaums. JIBycTBOpYaThie MOJUIIOCKH MO CBOUM (HM3HOJIOTMYECKMM OCOOCHHOCTSIM SIBISIIOTCS E€CTECTBEHHBIMU
¢uapTpaTopamMu BoaHO# cpeasl. IIpomyckas yepe3 ce6st MOPCKYIO BOJLY, COJIEPIKAILYIO AIMYJIbIUPOBAHHYIO HE(YTh, OHU
CBSI3BIBAIOT €€ KaIleJIbKK B IICeBIO(EKAINH, TEM CaMbIM YCKOPSIS CaMOOYHMILeHHe Bobl. [Ipu 9TOM 0TME4eHO, YTO MU-
JIMU YCTOWYHMBBI K HE(TIHOMY 3arps3HEHHIO. B SKCIepHMEHTaX MMOKa3aHo, 4TO B aKBApUYMaX ¢ MHUIUAMHU COZepKa-
HHE HETAHBIX YrIEBOAOPOIOB YMEHbIIAETCsl ObICTpEe, YeM B aHAJIOTUYHBIX EMKOCTAX 0e3 Muauii. Bzaumoneiicreue
MHIUH ¢ HeThIO MOAPOOHO M3yYeHO. YCTAHOBICHO, YTO IPH MPOXOXKICHUH UYepe3 OPraHu3M MUAUH H3MEHSETCS
TpyIIOBOi cocTaB HeQTenmpoaykToB. OTMEHaeTCS OCMOJICHHE HEPTH, KOTOPOE HAOMIOAAETCS U MIPH €€ €CTECTBEHHOM
BBIBETPHBAHUHM. B HacTosIee BpeMs ULl JOOUYUCTKH IIPUPOHBIX SKOCHCTEM OT HETIHOTO 3arpsa3HEHHUs LIHPOKO UC-
MOJIB3YETCsl METO HHTPOMYKIMH aKTUBHBIX YIJIEBOJOPOJOKUCISIOINX MUKPOOPIaHMU3MOB, 3a4acTyI0 C OJHOBPEMEH-
HBIM BHECCHHEM JIOTIOJIHUTEIIbHBIX OMOT'CHHBIX JJIEMEHTOB, TaK Ha3blBacMas OMOayrMeHTAIMs. B CBS3M ¢ 9TUM H3Y-
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YeHHE B3aUMOJCHCTBUSA HE()TEOKHCIIAIOMNX MUKPOOPTaHU3MOB U MOJUIFOCKOB IIPEJCTABIISACT MPAKTHYECKUIl 1 Hayd-
HbIH uHTepec. Llenpio paboThl ABIIIOCH H3YYEHHE B3aMMOAEHCTBHS YIIEBOA0POJOKHCIIIOMUX MUKPOOPTaHU3MOB Ha
MOJUTIOCKOB poja Unio M Opyrux KOMIIOHEHTOB MHKPO3KOCHCTEMbI IPH MOJEIMPOBAaHUM Iporiecca HedTsHOro 3a-
rpsasHenys. IIpoBeneHo uccienoBaHue peyHod BOJBL, TPYHTa M MOJUIKOCKOB poja Unio n3 MOAENBHBIX MUKPOJKOCH-
cTeM Ha 00CEMEHEHHOCTb CanpO(UTHOHN U YIIeBOJOPOIOKUCIIAIONEH MUKPOGIIOPOH PH JOTIOIHUTEIEHOM BHECCHUT
YIIICBOIOPOAOKHCIIIONINX MUKPOOPTraHU3MOB — Serratia grimesii u Bacillus sp.3 B yCIOBHSX 3arpsi3HEHHST KacIuii-
CKOii He()TbI0. BBISBICHHBIC B X0/I¢ SKCIICPUMEHTa 3HAUCHHs OaKTEPHUAIBHOIO COCTaBa canpo(UTHON U yriIeBOJOpO-
JOKHUCIISIOEH MUKPO]IOPH! MO3BOJISIOT TOBOPUTE O TIPOIECCAX BOCCTAHOBIICHUS H PEKYJIBTHBAIUH BOJAHOTO O0OBEK-
Ta, 4TO 00YCIOBIEHO CTPYKTYPHO-(QYHKIMOHANBHOI OpraHn3anuei 3K0CUCTEM U COOOIIECTB.

KimoueBble ¢j10Ba: MOJICIbHBIE MUKPOCHCTEMBI, 3arpsi3HEHHE, MUKPOOPTaHU3MbI, HeTh, MUKpOQIOpa

Jas uurupoBanusi: Kanuesa H. A., baoocaesa O. B., Ilonosa K. C. BnusHue yrieBoIopOJOKUCISIONNX TAMMOB
Serratia grimesii n Bacillus sp.3 Ha MHUKPOIICHO3 MOJUTIOCKOB M KOMITOHEHTBI SKOCHCTEM MOJ BO3zeicTBHeM HeTsI-
HOTO 3arpsi3HeHust // BecTHHK ACTpaxaHCKOTO TOCYAapCTBEHHOTO TeXHHYecKoro yHuBepcurera. Cepus: PriOHOE X0-

3stiicTBO. 2022. Ne 3. C. 29-38. https://doi.org/10.24143/2073-5529-2022-3-29-38. EDN BOPECZ.

Introduction

Molluscs form an important link in the'food chains
in aquatic and terrestrial ecosystems. By their physio-
logical structure bivalves are natural water-filtering
organisms. The role of bivalved molluscs is especially
great as biofilter feeders that clean water bodies from
organic pollution. When filtering seawater containing
emulsified oil, they bind its drops in pseudofeces,
thereby enhancing the self-purification of water [1-4].
In addition, they absorb and accumulate heavy metals
in their body [5-8].

Mussels are known to be resistant to oil pollution.
Experiments have shown that in aquariums with mus-
sels, the content of petroleum hydrocarbons decreases
faster than in the aquariums without mussels. The inter-
action of mussels with oil has been studied in detail.
There was found a change in the group composition of
petroleum hydrocarbons during the passage through the
body of the mussel. Oil gumming is observed, which is
typical for natural weathering processes [9-11].

At present, the introduction of active hydrocarbon-
oxidizing microorganisms is widely used for the reme-
diation of natural ecosystems often accompanied by the
simultaneous introduction of additional biogenic ele-
ments, which is also called bioaugmentation [12-14].

In this regard, the study of the interaction of oil-
oxidizing microorganisms and molluscs is of practical
and scientific interest.

In addition, Unio bivalved molluscs are a valuable
food resource for the inhabitants of the Caspian Sea.
Almost all of them, with the exception of large forms
with a strong, thick shell, serve as a favorite food for
demersal fish — benthophages (i.c., feeding on bottom
animals), including many commercial fish — Bream
(Abramis brama), Bleak (Alburnus alburnus), River
eel (Anguilla anguilla), Asp (Aspius aspius), South
European satin (Atherina boyeri), Blue bream (Balle-
rus ballerus), White bream (Blicca bjoerkna), Com-
mon loach (Cobitis taenia). Sturgeons are also includ-
ed: Siberian sturgeon (Acipenser baerii), Russian stur-
geon (Acipenser gueldenstaedtii), Spike (Acipenser
nudiventris), Persian sturgeon (Acipenser persicus),
Sterlet (Acipenser ruthenus).

Some fish, due to the predominance of small mol-
luscs in their food, were called “mollusc-eaters”, such
as, for example, the Caspian roach (Rutilus caspicus).
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Areas where, along with other bottom animals (poly-
chaete worms, brittle stars, etc.), mass development
of small bivalved molluscs is observed, serve as feed-
ing grounds for various bottom commercial fish.
Accordingly, being part of the fish-human food
chain, mussels are transport agents of oil products and
heavy metals in the human food. This points to the spe-
cial importance of the studies of the above processes.

Materials and methods

The research was focused on studying Unio river
molluscs, water, soil, and strains of hydrocarbon-
oxidizing microorganisms Serratia grimesii and Bacil-
lus sp.3. The samples of molluscs, water and soil were
collected in the Krivoy Buzan River, the Krasnoyarskiy
district of the Astrakhan Region. The hydrocarbon oxi-
dizing strains for the experiment were kindly provided
by the Department of Hydrobiology and General Ecolo-
gy of Astrakhan State Technical University.

To identify the impact of hydrocarbon oxidizing
microorganisms on Unio molluscs and other test ob-
jects the study of 4 microecosystems was performed
by 3 replicate samplings. Molluscs were placed in
aquariums with stocking density of 15 individuals per
20 litres of river water with permanent aeration and
soil (sand) from the same water body.

Once a week different concentrations of oil (0.5, 1.0
and 1.5 ml) were added to the experimental microeco-
systems. In the beginning of the experiment a consorti-
um of microorganisms consisting of Serratia grimesii
and Bacillus sp.3 strains was introduced into the micro-
ecosystems. To obtain strain suspensions each of the
strains was inoculated in an Erlenmeyer flask containing
200 ml of M9 minimal medium, with exposure to Cas-
pian oil to the finite concentration of 1.5%, by introduc-
tion of the inoculation dose of microorganisms in an
amount of 1 ml of the suspension (5.4 - 10° CFU/ml) per
1 litre of the microecosystem water. These strains pos-
sess oil-oxidizing properties and are proposed as a tool
of aquatic systems remediation from oil pollution [15].
Model microecosystems sets:

1. Reference set: river water, river soil, molluscs,
suspension of strains Serratia grimesii and Bacillus sp.

2. Experimental set 1 — river water, river soil, mol-
luscs, suspension of strains Serratia grimesii and Ba-
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cillus sp. 0.5 ml of oil was added every week (4 times
during the experiment).

3. Experimental set 2 — river water, river soil, mol-
luscs, suspension of strains Serratia grimesii and Ba-
cillus sp. 1.0 ml of oil was added every week (4 times
during the experiment).

4. Experimental set 3 — river water, river soil, mol-
luscs, suspension of strains Serratia grimesii and Ba-
cillus sp. 1.5 ml of oil was added every week (4 times
during the experiment).

The experiment on the study of the overall impact
of oil and oil oxidizing microorganisms on molluscs
and microflora in the model system lasted for 30 days.
The samples of the model ecosystems were taken
3 times: at the starting point (at the launch of the ex-
periment), in 15 days and in 30 days (at the end point
of the experiment).

To determine the target parameters in the model
ecosystems the total abundance of microorganisms and
the abundance of hydrocarbon oxidizing organisms
were determined during each sampling for the 4 study
targets:

1. Water.

2. Soil.

3. Scraping from the mollusc shells.

4. Washes from the mollusc gills.

The total number of heterotrophic microorganisms
was determined by the method of decimal dilution and
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germination on the solid medium. The cultures were
incubated for 4 days at the temperature of 25-27°C [16].

The mean amount of CFU () in 1 ml was calcu-
lated by the formula

c
(”1 +0,1xn2)xd ’

where ¢ — sum of colonies counts on all the plates;
n; — number of the first dilution plates; n, — number
of the second dilution plates; d — is the first dilution coef-
ficient; 0.1 — coefficient accounting for the factors of the
first and the second dilutions; x — multiplication [17-19].
The oil oxidizing microflora was determined by the
method of decimal dilutions with the postgermination
on solid mineral medium M9 with addition of the Cas-
pian oil in amount of 1% of the volume. The cultures
were incubated at the temperature of 25-27°C [20-21].

Results

In the model experiment the variations of microor-
ganism abundance in the water of the microsystems
under study were analyzed. The total microbial count
and the abundance of hydrocarbon oxidizing microor-
ganisms were taken into account.

The results of the microbial studies showed that
at the starting point of the experiment the average
abundance of microorganisms didn’t change (about
0.50-10*—0.70- 10° CFU/ml) (Fig. 1).
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Fig. 1. The abundance of saprophytes in the water of the model systems

The further observations showed that the abun-
dance of microorganisms in the reference set slightly
increased — up to 1.6-1.8 - 10° CFU/ml. A different
pattern is observed in the microecosystems, to which
different concentrations of oil were injected. On the
15th day of the experiment, set 1 showed insignificant
growth of microflora up to 1.4+ 10° CFU/ml. However,
on the 30th day the count of microorganisms rose to
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21 - 10° CFU/ml. In this set, 0.5 ml of oil was intro-
duced into each of the aquariums weekly, which was
an additional source of carbon. This oil concentration
inhibited the sharp growth of microorganism. In addi-
tion, the suspensions of the studied strains were intro-
duced in sets 1, 2 and 3 at the beginning of the exper-
iment, which could also affect the growth of microor-
ganisms.
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A similar pattern with an increased number of mi-
croorganisms was observed on the 30th day of the ex-
periment in sets 2 and 3. However, the increase ranged
from 0.54 - 10° CFU/ml to 7.0 - 10° CFU/ml.
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The abundance of oil oxidizing microorganisms
was determined before the introduction of oil and sus-
pension of strains Serratia grimesii and Bacillus sp.3
CFU/ml (Fig. 2).
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Fig. 2. Abundance of hydrocarbon oxidizing organisms in the water of the model systems

The count of hydrocarbon oxidizing microorgan-
isms in the reference sample did not vary significantly
in the course of the experiment and remained within
0.12-0.17 - 10° CFU/ml. The abundance of hydrocar-
bon oxidizing microorganisms grew slightly in sets
1-3. Thus, the introduction of oil and suspension of oil
oxidizing microorganisms into aquariums stimulated
the steady growth of bacteria, though no sharp changes
in abundance were recorded.

The abundance of microorganisms in the soil
of the model systems. Bacteria play an important role
in destruction of hydrocarbons as a main source
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of carbon and energy. Bacteria decompose petroleum
products both in the bottom sediments and in the palli-
al cavity of the molluscs, which hydrocarbons enter in
the course of molluscs' life. Therefore the study
of microorganism abundance in the soil is as important
as it is in the water.

The experiment results showed that the abundance
of microorganisms in the reference sample remained
almost unchanged. Concentration of bacteria in the
experimental samples (1-3) slightly increased: from
1.9-10° CFU/ml up to 2.5 - 10° CFU/ml (Fig. 3, 4).
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Fig. 3. Total abundance of saprophytes in the soil of the model systems

32



Vestnik of ASTU. Series: Fishing Industry. 2022. N. 3. ISSN 2073-5529 (Print), ISSN 2309-978X (Online)

Water bioresources and their rational use

E

=

0]

= o

Q g

o S

£ s 2

= T 3

= v

% g o

=] o

= =)

=] 2 ©

- S g

> o ®

3 + =

= —

=

=

=

=

=) (=] o
Control Variant I

@ Initial indices

6500000

2000000

1 800 000

I 2 100000

| 650
| 760

Variant I1 Variant I11 Days

o After 15 days of the experiment
@ After 30 days of the experiment

Fig. 4. The abundance of hydrocarbon oxidizing organisms in the soil of the model systems

The analysis of the results shows that the
abundance of hydrocarbon-oxidizing microorganisms
in the reference sample varied slightly in the course
of the experiment, ranging from 18 - 10° CFU/ml to
86 - 10° CFU/ml. The abundance of oil destructors in
set 2 trebled. On the 15th day the abundance of hydro-
carbon oxidizing microorgansims in set 1 amounted to
40 - 10° CFU/ml, and on the 30th day it remained al-
most the same. A step-by-step increase was recorded
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for set 3: the abundance on the 30th day of the experi-
ment reached 65 - 10° CFU/ml.

The abundance of microorganisms on the mol-
luscs' surface in the model ecosystems. The count
of microorganisms on the surface of molluscs' shells is
extremely important while assessing the impact of oil
and suspension of strains Serratia grimesii and Bacil-
lus sp.3 on microecosystems. The results showing the
distribution of total microorganisms count are present-
ed in Fig. 5.
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Fig. 5. Total abundance of saprophytes on the molluscs' shells in the model ecosystems

The abundance of microorganisms in the reference
sample did not vary significantly throughout the exper-
iment. The introduction of oil and strain suspension led
to the increase in the count of microorganisms up to
0.092 - 10° CFU/ml. The highest values were recorded
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for the microecosystem in set 3, the lowest values — for
set 2 (abundance increase up to 0.034 - 10° CFU/ml).

The variations in abundance of oil oxidizing mi-
croorganisms are shown in Fig. 6.
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Fig. 6. Abundance of hydrocarbon oxidizing microorganisms
on the molluscs' surface in the model ecosystems

The results analysis showed that the abundance In the course of the experiment, the abundance
of hydrocarbon-oxidizing microorganisms in the refer-  of heterotrophic bacteria in the pallial cavity of molluscs
ence sample changed insignificantly throughout the varied from 0.010 - 10° CFU/ml to 0.062 - 10° CFU/ml
whole experiment (by four times). The abundance (Fig. 7).
of hydrocarbon-oxidizing microorganisms in sets con-
taining oil and suspension of strains rose by two orders.

6200

o
o

Abundance, microorganisms, CFU/ml
oo
H’* 1600
[ol]
I oo
2700
oo
H‘| 2100
I 6 200
oo
3000
I - 4 500

Control Variant I Variant 11 Variant 111 Days

£ Initial indices
& After 15 days of the experiment
£ After 30 days of the experiment

Fig. 7. Total abundance of microorganisms
in the pallial cavity of molluscs in the model systems

The abundance of hydrocarbon oxidizing microor-  course of the experiment ranging within 0.018 - 10° —
ganisms in the reference sample did not change in the ~ 0.025 - 10° CFU/ml (Fig. 8).
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Fig. 8. Control abundance of hydrocarbon oxidizing microorganisms
on the molluscs' surface in the model ecosystems

The abundance of hydrocarbon-oxidizing microor-
ganisms in sets containing oil and suspension of strains
rose by one order. The peak of abundance increase
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(0.090 - 10° CFU/ml) was recorded in set 3, while the
minimum was registered in set 2 (0.059 - 10° CFU/ml)

(Fig. 9).
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Fig. 9. Residual content of oil in the water (mg/dm?®) and soil (mg/kg) after introduction of microorganism strains:
1 — Reference sample; 2 — 0.5 mg/1 of oil + microorganism strains; 3 — 1.0 mg/1 of oil + microorganism strains;

4 — 1.5 mg/l of oil + microorganism strains; PND F 14.1:2:4.128-98 — Quantitative chemical analysis of waters. Method for
measuring the mass concentration of oil products in samples of natural, drinking, waste water by the fluorimetric method on
the liquid analyzer «Fluorat-02»; PND F 16.1:2.21-98 — Quantitative chemical analysis of soils. Method for measuring the
mass fraction of oil products in soil and soil samples by the fluorimetric method using the «Fluorat-02» liquid analyzer

Discussion

The tests of the river water, soil, and Unio molluscs
from the model micro-ecosystems for the presence
of saprophyte and hydrocarbon-oxidizing microflora
accompanied by introduction of hydrocarbon-oxidizing
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microorganisms Serratiagrimesii and Bacillus sp.3 under
the conditions of Caspian oil pollution showed that the
abundance of heterotrophic microflora rises as the habi-
tat changes (oil and suspension of oil-oxidizing microor-
ganisms). However, the recorded growth of bacterial
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count was insignificant and ranged within one order. No
variations of heterotrophic microflora concentration were
recorded in the reference samples.

The change in abundance of oil oxidizing microor-
ganisms during 30 days of the experiment was different
in the experimental sets. The maximum concentration
of oil destructors was recorded in the pallial cavity
of molluscs: 3.0 - 10° CFU/ml. The maximum values in
water (0.043 - 10° CFU/ml) were recorded in experi-
mental set 2. The highest abundance of oil oxidizing mi-
croorganisms (65 - 10° CFU/ml) was recorded in set 3.

Concentration of oil destructors on the surface
of the molluscs' shells rose slightly.

Identification of the residual oil content after intro-
ducing the microorganism strain increased by 2 and
more times in sets 2 and 3. The residual oil content in
the soil of all the experimental sets was by 3.02, 3.54
and 3.13 times higher than the reference values.

Conclusion

Oil and petroleum hydrocarbons are among the ma-
jor pollutants of the hydrosphere. An efficient mecha-
nism for the destruction of these substances was de-
veloped in the course of evolution.

The results of the implemented experiment showed
that the abundance of heterotrophic microflora in-
creases when the habitat conditions change (oil and the

suspension of oil oxidizing microorganisms are add-
ed). However, the recorded growth of bacterial count
was insignificant and ranged within one order. No var-
iations of heterotrophic microflora concentration were
recorded in the reference samples.

The change in abundance of oil oxidizing microor-
ganisms within 30 days of the experiment was different
in the experimental sets. The maximum concentration
of oil destructors was recorded in the pallial cavity
of molluscs: 3.0 - 10° CFU/ml. The maximum values in
water (0.043 - 10° CFU/ml) were recorded in experi-
mental set 2. The highest abundance of oil oxidizing
microorganisms (65 - 10° CFU/ml) was recorded in set 3.
The concentration of oil destructors on the surface of the
mollusc shells rose slightly.

On the whole, the exposure to strain suspension
and oil produces additional pressure on the filtration
capacity of molluscs, as the bacterial content in the
molluscs' internals rises, which affects significantly the
self-purification capacity.

Thus, the values of bacterial content of saprophytic
and hydrocarbon-oxidizing microflora identified in the
course of the experiment point to the processes of res-
toration and remediation of the water body, which is
conditioned by the structural and functional organiza-
tion of the ecosystems and communities.
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