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Kpome mpaouyuonnpix memooos, 6 Hacmoauee 6pemsa aKkmugHo pa3padamoléaromcs Ho-
8ble HOOX00blL U MEXHOI02UU, OCHOBAHHbIE HA COBMECHHOM NPUMEHEHUU COPOEHM 08 U MUKPOOD-
2aHU3MO08, NO3601AIOULUE IPheKmUuHO GopombCa ¢ HehmAHBIMU 3azpA3HeHuAmU. B kauecmee
OUOmMexXHON02UUECK020 peutenus 0N pemeouauuu pasiuiHblX Hegme3azpA3HeHHbIX 2PYHMO8
ObLIU UCCIe008aHbl OUOKOMNOZUUUN HA OCHO8E OP2AHUYECKOU MAMPUUbL — ZYMUHOBBIX KUCIOM
mopga u dbuonozuyeckoll cocmagnaruieii — 00UHOYHO20 WIMAMMA/UNIU ACCOUUAUUU MUKPOOP2a-
HU3Mo8-Hehmedecmpykmopoe pooa Rhodococcus u Pseudomonas. Ouenky rpghexmuenocmu ou-
ooezpadayuu He(hmAHO20 342PAIHEHUA NPU UCHOIb30BAHUU OUOKOMNOZUUUIL RPOBOOUIU HA PA3-
JIUYHBIX MUNAX MOOETbHBIX He(me3azpA3ZHEHHBIX ZDYHMOG C PA3TUYHBIM YPOGHEM 3A2PAIHEHUA:
cepoil 1ecHoil nouee, 4ePHOMOPCKoI 2anbvke (ppakuyua 20-50 mm), cmpoumensnom uieone (ppax-
yus 10-20 mm). Taxorce ucnonvzoeanu HamypHy10 3azpa3HeHHYI0 HepmenpooyKmamu nouey u oo-
Pasubl KHcene3no00poIcHozo weonsa (ppaxuyuu 5-30 mm u 35-50 mm). llokazano, umo naubonvuiei
CROCOOHOCHIBbIO K PA3IONCEHUIO HEPMAHBIX Y2/1€6000P0008 6CeX UCCEOYeMbIX CUCHIemM obnadana
Ouoxkomno3uyusa Ha ocnose mpex wimammos muxkpoopzanuimos «I'K R. X5 R. S67 Ps. NF142».
Yposenwv ouooezpaoayuu negpmanvix y2n1e6000po0oe npu eHecenunu OAHHOU OUOKOMNOZUUUU 8a-
pvupoean om 62 0o 82% 6 3asucumocmu om muna Hehme3azpAIHEHHO20 ZPDYHMA NPU OUEHD Gbl-
cokom ypoene 3azpasnenus. Mounooaxmepuanvnan ouoxkomnosuyusa «I'K Ps.NF142» noxazana
C6010 NePCReKMUBHOCHLD 0J1A PeMeOUauu NOU8EHHBIX IKOCUCHIEM, 3A2PA3ZHEHHBIX He()mbIo C 8bl-
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In addition to conventional methods, nowadays new approaches and technologies based on
combined application of sorbents and microorganisms are intensively developed for efficient con-
trol of oil contaminations. As a biotechnological solution for remediation of various oil-contami-
nated soils, biocompositions based on an organic matrix — humic acids of peat, and a biological
component — a single strain/or an association of oil degrading microorganisms of the genera Rho-
dococcus and Pseudomonas, have been studied. The efficiency assessment of oil contamination
biodegradation using biocompositions was carried out on different types of model oil-contaminated
soils with different levels of contamination: grey forest soil, Black Sea pebbles (fraction 20-50mm),
constructional broken stone (fraction 10-20mm). Natural soil contaminated with oil products and
samples of railroad broken stone (fractions 5-30mm and 35-50mm) were also used. It has been
shown that the biocompositions based on three strains of microorganisms — ‘HA R. X5 R. S67 Ps.
NF142' —possessed the highest capability of degrading oil hydrocarbons in all systems under study.
Biodegradation of oil hydrocarbons upon addition of this biocompositions varied between 62 and
82% depending on the type of oil-contaminated soil, the level of contamination being very high.
Monobacterial biocomposition ‘HA Ps.NF142’ has proven to be promising for remediation of oil-
contaminated soil ecosystems with a high and very high level of contamination. The increase of the
level of biodegradation of oil contamination of soils appears to be due to the combined action of
humic acids comprising both the stimulating effect of humic acids on microorganisms — the com-
ponents of biocompositions and indigenous microflora of model systems, and the detoxifying effect
of humic acids in respect of oil hydrocarbons.

Key words: humic acids, oil contamination, oil degrading microorganisms, biocompositions, biodegradation

In the general case, oil migration through the

INTRODUCTION . . )
soil profile takes place via two paths: frontal percola-

Oil and products of its refinery belong to the
most wide-spread class of contaminants of soil and
aqueous environments. This is connected with enor-
mous volumes of oil production and refinery, which
are associated with serious ecological risks because of
the hazard of oil entering environmental compartments
as a result of accidents at drill wells and oil transporta-
tion facilities. The issue of contamination of soil eco-
systems with oil and oil products receives particular at-
tention as the processes of soil self-recovery and self-
cleaning cannot anymore cope with incoming contam-
inants moving and accumulating therein from the air
and water medium. Hence, the demand in soil cleaning
technologies is increasing.
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tion and gravitational passage through migration chan-
nels. It has been shown that when oil moves vertically
along the soil profile, high-molecular oil components
concentrate in the humus horizon. These are mostly
low-molecular petroleum paraffin, naphthenic and ar-
omatic hydrocarbons that penetrate lower levels [1].
The rate of oil degradation, soil self-cleaning activity
or persistence of contaminants therein varies from
landscape to landscape. In natural environments, the
gravel and pebble soil is the hardest to be successfully
cleaned due to penetration of oil and oil products into
gaps between stones and sinking into the strata of oil
or sand. The typical technique for cleaning such soil
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consists in mechanical cleaning using mobile vacuum
units providing powerful purging and high-pressure
water flushing, which is obviously a rather expensive
implementation. Moreover, excavation of soil causes
distortion of the morphological structure of the oil-con-
taminated area under treatment and disturbance of the
flow of surface and ground water. The passive ‘natural’
cleaning following the mechanical cleaning is based on
the action of sorbents of natural or synthetic origin and
frequently leads to residual oil layers and spots of oil
products characterized by low viscosity, which, de-
pending on the situation, require additional treatment.
Besides, the sorbents of synthetic origin consumed
need to be properly disposed of. In case of isolation and
treatment of oil-contaminated soils with sorbents out-
side the contaminated area, cleaning is quite effective
and expeditious as well as safer for the ground water,
flora and fauna, but still expensive. Bioremediation us-
ing microorganisms providing natural decomposition
of oil and oil products largely depends on the location
of gravel, stones and pebbles. Coastlines can be
washed with water containing indigenous oil degrad-
ing bacteria, soil fills are harder to yield to the action
of local bacteria because of nutrient limitations, but
both types of gravel and pebble soil location are heav-
ily limited by the time of remediation and depend on
the climate and seasonal weather factors. In such cases,
bioaugmentation makes no sense because of the seri-
ous problem of bacteria adaptation to specific environ-
ment conditions and frequent possibility of formation
of biologically inert residual oil products. In view of
the above, bioremediation cannot be considered a rig-
orous and ultimate method of cleaning fills from oil
products. The process requires alignment of a mecha-
nism of combined action with sorbents and/or prelimi-
nary mechanical cleaning, which, in turn, increases the
cost and time of remediation.

Nowadays new approaches and technologies
based on combined application of sorbents and micro-
organisms are intensively developed for efficient con-
trol of oil contaminations. In the present work, as a bi-
otechnological solution for remediation of different
oil-contaminated soils, biocompositions based on the
active matrix of the organic matter of soils — humic
substances, and associations of oil degrading microor-
ganisms of the genera Rhodococcus and Pseudomonas,
have been used. Such biocompositions have proven to
be effective bio-degrading and detoxifying agents for
oil and oil products in aqueous and soil media [2, 3].
Humic substances, being natural detoxicants, are capa-
ble of abating the ecological load of an oil contamina-
tion on the environment. Humic substances feature
high reactivity to petroleum hydrocarbons thanks to the
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hydrophobic aromatic backbone in their structure [4].
The stimulating action of humic compounds on the
growth and development of living organisms including
indigenous microflora assists greater resistance of bi-
ota to adverse environmental factors and a higher rate
of biodegradation of oil biodegradation [5-8].

In view of the foregoing, the purpose of the
work was to study the influence of different biocompo-
sitions based on humic substances and associations of
strains of oil degrading microorganisms on the efficacy
of biodegradation of oil contamination of different
types of soils.

MATERIALS AND METHODS

As the organic matrix in the biocompositions
under study, humic acids (HA) of reed lowland peat
(RLP) isolated by the standard method were used [9, 10].
The resultant humic acid preparation was described
by potentiometric titration and gel exclusion chro-
matography.

RLP humic acids are enriched with carboxy
and phenol groups, contain four fractions that differ in
their molecular weight and relative content of elements
manifesting an increased stimulating effect in respect
of oil destructing microorganism strains, being inde-
pendent biologically active compounds themselves
[2, 10-13].

The biological component of biocompositions is
destructing microorganisms - (Rhodococcus erythropolis
S67 (R.S67), Rhodococcus erythropolis X5(R.X5),
Pseudomonas NF142 (Ps.NF142)), which are capable
of oxidizing a wide range of petroleum hydrocarbons
thanks to their enzyme systems [14]. The microorgan-
isms were supplied by the Plasmids Biology Labora-
tory, G.K. Skryabin Institute of Biochemistry and
Physiology of Microorganisms, the Russian Academy
of Sciences, Pushchino, and All-Russia Collection of
Microorganisms.

The solution of humic acids in concentration
of 50 mg/L was prepared by dissolving the appropriate
weighted quantity of the preparation in 0.1 M alkali
and subsequent dilution to the volume using distilled
water. pH of the resultant solutions was adjusted to
neutral reaction with the help of nitric acid [15]. Micro-
organisms were cultured in full LB medium (Luria-Ber-
tani medium) for 24 h to obtain the inoculum [15].

Biocompositions were produced as follows: to
the humic acid solution, suspension of a single strain
of oil degrading microorganisms/or an association of
strains (two strains 1:1; three strains 1:1:1 in concen-
tration of 10°-10° CFU/mI) were added in the relation
of HA: microorganisms = 3:5 (by volume) [15].

The degrading capability of biocompositions
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in respect of oil and oil products was investigated using
different types of model oil-contaminated soils: grey
forest soil, Black Sea pebbles (fraction 20-50 mm),
constructional broken stone (fraction 10-20mm). Nat-
ural soil contaminated with oil products, which was re-
ceived from Lukoil AZS gasoline service station, and
samples of railroad broken stone (fractions 5-30 mm
and 35-50mm) from the territory of an iron and steel
plant were also used. As the model contamination, oil
from the Moscow Refinery, diesel fuel (DF) from Lu-
koil AZS, and used synthetic motor oil (USMO) in
quantities corresponding to low — 2000 mg/kg (1),
moderate — 2300 mg/kg (111), high — 4000 mg/kg (1V),
and very high — 8000 mg/kg (V) level of soil contami-
nation with oil products [16].

The degree of oil degradation (X) was assessed
as a relative reduction of the content of oil products in
soil samples in the presence of biocompositions (C)
compared to the concentration of oil products in the
control sample (Co):

X =

CO -
-100%
0

It was previously shown [2] that the independ-
ent introduction of both RLP humic acids and petro-
destructor microorganisms into oil-contaminated sys-
tems caused an increase in the biodegradation of petro-
leum hydrocarbons, the degree of which was signifi-
cantly lower compared to the presence of the corre-
sponding biocompositions. It was shown that, on aver-
age, the level of biodegradation of petroleum hydrocar-
bons of various model systems was in the range of
47+3% and 37+4% in the presence of RLP humic acids
and microorganisms-oil destructors, respectively. In
this regard, in this work, studies have been conducted
on the in-depth study of the effect of only biocomposi-
tions on the degree of biodegradation of oil pollution.

The experiment design included the following
variants: Soil + oil (control); Soil + biocompositions.
The soil to biocomposition ratio was equal to 10:1. The
experiment was carried out in the setting of daily wa-
tering and continuous light; respective agents were
added to experimental variants every 3 days. Six se-
rieses of experiments were performed. The mass con-
centration of oil products in soils was determined by
the gravimetric method [17]. The duration of the ex-
periment was 7 days to 14 days.

RESULTS AND DISCUSSION

Selection of the optimum technique for detox-
ification of oil-contaminated soils requires fast evalua-
tion of the degree and type of contamination, depend-
ing on which there are three main stages that are con-
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sidered in cleaning technologies: a critical stage, a de-
sign stage, and an add-on stage. Each of these stages
envisages emergency response to an oil spill incident,
but it often takes time to choose the method of detoxi-
fication and, not least importantly, the method of
treatment and disposal of collected oil waste and/or
residual oil refinery products. These phases are quite
labor-intensive and expensive. Hence, in planning the
experiment of evaluating the developed composi-
tions’ performance, several levels of soil contamina-
tion up to the highest (more than 5000 mg/kg) were
used stage-by-stage.

The findings of experiments studying the in-
fluence of the biocomposition based on Pseudomonas
sp. NF142 strain on the level of contamination of grey
forest soil samples with model toxicants are given in
Table 1.

Table 1
Dynamics of biodegradation (%) of oil contamination of
grey forest soil in the presence of the biocomposition based
on Pseudomonas sp. NF142 microorganisms depending on

the content of toxicants over the experiment period
Tabnuya 1. Jnnamuka ouoaerpagauuu (%) nedrsinoro
3arpsAi3HeHusl cepoii JJecHOM NMOYBbI B IPUCYTCTBUM OHO-
KOMIIO3HMIIMU HA OCHOBE MUKpoopranu3imMos Pseudomo-
nas sp. NF142 B 3aBHCHMOCTH OT YPOBHS COAePKAHUSA
TOKCHKAHTOB 32 BpeMs MMPOBEJICHUSA IKCIIEPUMEHTa

Oil Contamination Level*

Toxicant 1 1
3 days|5 days|7 days| 3 days | 5 days | 7 days
Oil 5143 | 6943 | 9841 | 4443 | 6143 | 89+l
DF 49+1 | 7041 | 9442 | 4241 | 60+1 | 8442
USMO 5443 | 70+£3 | 91+1 | 40+1 | 58+2 | 81+1

Oil Contamination Level*

Toxicant v \Y%
3 days|5 days|7 days| 3 days |5 days| 7 days
Oil 42+1 | 59+£2 | 86+1 | 39+1 | 55+3 | 83+2
DF 36+1 | 5442 | 78+1 | 30+1 | 49+2 | 80+2
USMO 4041 | 5443 | 80+1 | 3542 |49+3 | 7542

Note: *The content of petroleum hydrocarbons in the control
samples corresponded to the level of initial contamination dur-
ing the whole period of experiment

[Ipumeuanne: *CopepkaHue HEPTAHBIX YIJIEBOJOPOIIOB B
KOHTPOJIbHBIX 06pa3uax COOTBETCTBOBAJIO YPOBHIO HCXOAHOTO
3arpsA3HCHUSA Ha BCEM NPOTAXKECHUU SKCIIEPUMEHTA

The findings evidence significant decrease in
the level of oil contamination of grey forest soil in
model experiments after application of the biocompo-
sition based on Pseudomonas sp. NF142 strain. De-
creased contamination level was observed for all
model petroleum hydrocarbons as early as experi-
mental day 3 with a change of 50 to 30% depending on
the contamination level. Maximal biodegradation of oil

139



H.IO. I'peunmena, E.JI. JImutpueBa, K.A. CtapoayOrieBa

and oil products by the biocomposition was noted by
the end of the experiment. The greatest degradation
was observed for the low-level oil contamination of
soil and amounted to 91+1, 9442, and 98+1% for
USMO, DF, and oil, respectively; while for the maxi-
mal content of toxicants, the respective values were
equal to 75+2, 80£2, and 83+2%.

The findings of the experiments investigating
the influence of biocompositions on the degree of deg-
radation of different levels of oil contamination of the
gravel and pebble soil and constructional broken stone
are shown in tables 2 and 3, respectively. In this in-
stance, both earlier developed biocompositions [2, 15],
and new biocompositions based on Pseudomonas sp.
NF142 strain were studied.

Table 2
Dynamics of biodegradation (%) of oil contamination of
Black Sea pebbles depending on the level of initial con-
tamination in the presence of biocompositions
Taonuya 2. Jnnamuka ouoaerpagauuu (%) nedgrsinoro
3arpsi3HeHHs raJIbKU YePHOMOPCKOI B 3aBUCUMOCTH OT
YPOBHS HCXOJAHOI0 3arpsi3HeHHs] B IPUCYTCTBUM OHO-
KOMIIO3UIIUH
Oil Contamination Level*
Biocom-position 1 i
3 days|5 days 5 days
20+£3 | 45+4 42+4
23+1 | 48+2 40+3
3543 | 51+£3 60+3
3043 | 45+3 48+3

50+£3 | 68+5 68+1

7 days
62+2
65+5
76+3
7444

88+5

3 days
26+4
36+3
48+2
3643

56+3

7 days
5243
56+4
66+5
58+3

84+£5

HAR.X5
HA R.S67
HA R.X5 R.S67
HA Ps.NF142
HA R.X5 R.S67
Ps.NF142

Oil Contamination Level*
v V

5 days 5 days

2545 38+4

25+1 38+1

40+4 44+3

4342 38+3

Biocom-position

3 days
2345
25+3
38+4
30+1

7 days
43+3
40+2
63+1
63+3

3 days
2044
20+3
20+5
20+1

7 days
5043
50+4
7542
633

HA R.X5
HA R.S67
HA R.X5 R.S67
HA Ps.NF142
HA R.X5 R.S67
Ps.NF142

Note: *The content of petroleum hydrocarbons in the control
samples corresponded to the level of initial contamination dur-

ing the whole period of experiment

IIpumeuanne: *CopepkaHue HEPTAHBIX YIICBOAOPOIOB B
KOHTPOJIBHBIX 06pa3uax COOTBETCTBOBAJIO YPOBHIO UCXOTHOTO
3arpsA3HCHUS Ha BCEM IPOTAKEHUU SKCIEPUMEHTA

40+1 | 64+2 | 83+3 | 33+£2 | 6142 | 8543

As one can see from the data presented, all bi-
ocompositions under study have demonstrated high bi-
odegrading efficacy in respect of oil contamination of
pebble soil: the content of petroleum hydrocarbons in
pebble samples decreased by 50 to 88 % by the end of
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experiment depending on the initial level of contami-
nation. In this instance, the maximal degrading activity
was manifested by the biocomposition based on the as-
sociation of three strains: R.X5, R.S67, and Ps.NF142.
Introduction of this biocomposition into contaminated
pebble samples reduced the content of petroleum hy-
drocarbons by more than 80% by the end of experiment
for all levels of oil contamination. Biocompositions
consisting of one strain of microorganisms only: either
Rhodococcus or Pseudomonas, turned out to be some-
what less effective.

Similar findings on the biodegradation of pe-
troleum hydrocarbons were obtained for contaminated
constructional broken stone. The highest biodegrading
activity was exhibited by the biocomposition based on
association of three strains of microorganisms. How-
ever, in contrast to the previous experiment, the corre-
sponding biodegradation level values were a bit lower,
which might be apparently explained by high porosity
of broken stone structure and lower accessibility of pe-
troleum hydrocarbons for microorganisms (Table 3).

Table 3
Dynamics of biodegradation of oil contamination of
constructional broken stone (fraction 5-3mm) depend-
ing on the level of initial contamination in the presence
of different biocompositions

Taobnuya 3. Innamuka Guoaerpaganum He(pTAHOIO 3a-

TPA3HEHMS CTPOMTEJNBHOrO0 edHsA (ppakuus 5-3 MMm) B

3aBUCUMOCTHU OT YPOBHS MCXOAHOI0 3arpsi3HECHUSA B
NPUCYTCTBHU PA3JIHYHBIX OMOKOMIO3UIIUI

Oil Contamination Level*

Biocom-position ] 1]

3 days|5 days 5 days
19+3 | 38+4 38+3
20+2 | 4445 47+1
2043 | 51£2 5343
2543 | 43+4 50+2

7 days
45+1
5043
5845
5043

3 days
27+1
27+3
3745
3544

7 days
5243
56+4
66+1
58+2

HA R.X5
HA R.S67
HA R.X5 R.S67
HA Ps.NF142
HA R.X5 R.S67
Ps.NF142

45+2 | 5543 | 734£2 | 471 | 5T7+5 | 7443

Oil Contamination Level*
v \Y/

5 days 5 days

3245 14+4

36=+1 15+4

58+4 13+2

38+2 15+1

Biocom-position

3 days
30+5
3243
5244
28+1

7 days
48+1
5243
6243
5242

3 days
8+3
9+4
73
9+2

7 days
29+4
3143
43+2
51+3

HA R.X5
HA R.S67
HA R.X5 R.S67
HA Ps.NF142
HA R.X5 R.S67
Ps.NF142

Note: *The content of petroleum hydrocarbons in the control
samples corresponded to the level of initial contamination dur-
ing the whole period of experiment

5241 | 64+£2 | 7T4+1 | 1344 | 2345 | 6442
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IIpumeuanne: *Copepxanue HE(TSIHBIX YIIEBOAOPOAOB B
KOHTPOJIBHBIX 00pa3ax COOTBETCTBOBAJIO YPOBHIO HCXOIHOTO
3arpsA3HEHUS Ha BCEM NPOTHKCHUN DKCIICPUMEHTA
The remediation efficacy of biocompositions
was additionally analyzed on natural soil samples: the
oil-contaminated soil of LUKOIL AZS gasoline ser-
vice station and broken stone from an iron and steel
plant (Tables 4 and 5, respectively). The initial content
of oil products in the soils under study equaled to
130003000 and 14000+3000 mg/kg, which was typi-
cal for contamination level V (very high).

Table 4
Biodegradation (%) of petroleum hydrocarbons in the
samples of contaminated soil from LUKOIL AZS gaso-
line service station in the presence of different biocom-

positions
Taonuya 4. buogerpanauus (%) HepTAHBIX YIJIeBOA0-
PoaoB B o0pa3uax 3arpsi3HeHHO# MOYBbI C ABTO3aMpa-
BouHoii cranuuu «A3C JIYKOWM.JI» B npucyTcTBHm
PA3JIHYHBIX 6I/IOKOMH03I/IIII/I171

Biocomposition 5 days 7 days 14 days
HAR. X5 30+1 36+1 68 +£2
HAR. S67 32+3 38+3 69+3

HAR. X5 R. S67 40+2 5242 83+3

HA Ps. NF142 32+1 42+ 1 52+2

HA R. X5R. S67 Ps.
NFE142 44 £3 58+2 92+3

Note: The content of petroleum hydrocarbons in the control
samples corresponded to the level of initial contamination dur-
ing the whole period of experiment

IIpumeuanne: Coneprkanue HEPTIHBIX YIIIEBOIOPOIOB B KOH-
TPOJIBHBIX 00pa3liaXx COOTBETCTBOBAIO YPOBHIO HCXOJHOTO 3a-
TPA3HEHUA Ha BCEM IPOTSHKECHUU SKCIEPUMEHTA

As one can see from Table 4, the greatest ef-
fectiveness in respect of oil contamination of natural
soil was exhibited by the biocomposition based on the
association of three strains of microorganisms: the con-
tent of petroleum hydrocarbons in the soil decreased by
92+3% by the end of the experiment. Application of
the biocomposition based on two strains of microor-
ganisms - HAR. X5 R. S67 — was less effective. The
content of petroleum hydrocarbons in the soil de-
creased by 83+3% by the end of the experiment.

It is known [18-21] that Rhodococcus effi-
ciently degrades light petroleum hydrocarbons — n-al-
kanes with varying length of their carbon chain while
Pseudomonas degrades hydrocarbons contained both
in the benzene and benzene alcohol fractions, includ-
ing mono- and polyaromatic hydrocarbons. Since only
aromatic hydrocarbons are involved in the formation
of analytical signal in the fluorometric assay, the find-
ings illustrate bacteria’s selective capability of biode-
grading particular petroleum fractions and this should
be taken into consideration while selecting degrading
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microorganisms for biocompositions. Hence, it seems
reasonable to use associations based both on Rhodo-
coccus strain and Pseudomonas strain.

It should be noted that the preliminary experi-
ments for the evaluation of biodegrading activity of bi-
ocompositions in respect of natural oil contamination
of the iron and steel plant’s broken stone have not pro-
duced the expected result. In case of application of the
biocomposition based on the association of R. X5 R.
S67 and Ps. NF142 strains, on day 7 the biodegradation
amounted to 26+1% for broken stone fraction 5-30 mm
and 29+2% for fraction 35-50 mm. The findings seem
to be explained by both the high initial content of oil
products in the samples of broken stone and high po-
rosity of the latter. Taking the above into consideration,
further experiments were carried out using a double
dose of the suspension of microorganisms in preparing
a biocomposition, the HA: microorganisms ratio being =
= 7:3 (by volume). The results of the remedial efforts
are given in Table 5.

Table 5
Biodegradation (%) of petroleum hydrocarbons in the
samples of natural contaminated broke stone of varying
fractional make-up from the motive-power depot of the
iron and steel plant in the presence of biocompositions
Tabnuua 5. buonerpanauus (%) HepTAHBIX YIJIE€BOI0-
poaoB B oﬁpaauax HATYPHOI'0 3arpsi3HEHHOI'O ]]IeﬁHf[
PA3JIMYHOr0 (PPAKLUMOHHOIO COCTABA JIOKOMOTHBHOIO
JIeM0 METAJIyPru4€ecKoro npeanpusaTus B IpUcyT-
CTBHHM OMOKOMIIO3M LM

Fraction 5-30 mm | Fraction 35-50 mm

Biocom-position

3 days|5 days|7 days|3 days|5 days|7 days
HA R. X5 1245 | 2342 | 44+1 | 1442 | 21+2 | 45+3
HA R. S67 1243 | 24+3 | 46+3 | 1444 | 24+4 | 45+1

HAR. X5 R. S67| 164 | 29+1 | 53+2 | 2043 | 2742 | 4942

HA Ps. NF142 | 13+1 | 2442 | 4442 | 14+1 | 19+1 | 4342

HA R. X5R. S67
Ps. NF142 1941 | 2841 | 561 | 2742 | 4742 | 772

Note: The content of petroleum hydrocarbons in the control
samples corresponded to the level of initial contamination dur-
ing the whole period of experiment

HpHMeanMe: Coz[ep)xaHI/Ie He(bTHHLIX YrjaeBogopoa0B B KOH-
TPOJIBHBIX 06pa3uax COOTBETCTBOBAJIO YPOBHIO UCXOJJHOI'O 3a-
TPA3HEHUA Ha BCEM IPOTSHXKEHUU SKCIIEPUMEHTA

As one can see from Table 5, all biocomposi-
tions are characterized by quite high degrading efficacy
in respect of petroleum hydrocarbons: within 7 days the
content of oil products in the samples decreased by
50% on average. A better efficacy was demonstrated
by the biocomposition based on three strains of micro-
organisms — HA R. X5 R. S67 Ps. NF142»: by the end
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of the experiment, biodegradation reached 77+2% for
the coarse broken stone fraction featuring a very high
level of contamination.

CONCLUSION

Thus, the experiments performed have deliv-
ered data characterizing the biodegrading capability of
biocompositions in respect of oil contamination in dif-
ferent soils. Biocompositions are potent bioprepara-
tions rendering a comprehensive effect, which can be
used in situ in the biotechnological remediation of soil
media characterized by various levels of contamination
and high toxicity. It has been shown that among all
the systems studied, the biocomposition based on three
strains of microorganisms - HA R. X5 R. S67 Ps.
NF142 — possessed the highest capability of degrading
petroleum hydrocarbons. Upon addition of this bio-
composition, biodegradation of petroleum hydrocar-
bons varied between 62 and 82% depending on the
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type of oil-contaminated soil, the level of contamina-
tion being very high. Monobacterial biocomposition
'HA Ps.NF 142’ has been shown to be promising for re-
mediation of oil-contaminated soil ecosystems with a
high and very high level of contamination. The en-
hanced biodegradation of oil contamination of soils is
explained by the comprehensive action of humic acids
including both a stimulating effect of humic acids on
the biocomposition component microorganisms and
indigenous soil microflora and the detoxifying effect
rendered by HA on oil contaminations of soils.
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