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Nikolay Maksimovich®, Olga Meshcheriakova®,

and Vadim Khmurchik

Abstract

Rocks and groundwater of karst areas are weakly
protected from any pollution. The most common pollu-
tants within them are oil hydrocarbons. Microbial pop-
ulations of karst rocks and groundwater are able to
degrade a large number of contaminants under the
existing redox conditions, often used in biotechnological
methods of remediation. The authors investigated oil
polluted karst territories of the Perm region (Russian
Federation) to develop methods of remediation. Two sites
of karst rocks and groundwater with different redox
conditions and impacted by oil and oil-products were
studied. Aerobic hydrocarbon-oxidizing bacterial pro-
cesses occured in the first site, and this paper describes
the complex method of mechanical and microbiological
cleaning to achieve complete oil removal. Anaerobic
degradation of oil hydrocarbons during sulfate reduction
process was detected in the second place. One of the
products of this process, hydrogen sulfide, is very toxic to
water fauna but readily oxidative in air. The authors
recommend constructing special oxidizing and precipi-
tating ponds to improve the environment.
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1 Introduction

Karst rocks, such as limestone and gypsum, are well
developed on the Earth and occupy its vast territories (ap-
prox. 31.5% or 47,000,000 kmz). Rocks and groundwater of
karst areas are weakly protected from any pollution, and the
remediation of them is difficult and costly. The most com-
mon pollutants of groundwater are hydrocarbons and other
compounds of oil and oil products. Microbial populations of
groundwater are active in situ and able to degrade a large
number of contaminants under the existing redox conditions.
The presence of sufficient electron acceptors is a principal
factor in the degradation of organic contaminants. There are
two main biotechnological methods of oil polluted natural
habitats remediation: the first one is stimulation of natural
microbial hydrocarbon-degrading populations by nutrient
supplies (especially N and P), and the second method is
introduction of active hydrocarbon-degrading bacteria (and
nutrient supplies) into polluted environments in regions of
cold and temperate climate, where the warm season is not
long (Koronelli 1996). It is known that bacterial populations
can utilise oil and oil products both in aerobic and anaerobic
conditions. The capability of some bacteria to metabolize
hydrocarbons in the absence of molecular oxygen was first
recognized about 20 years ago. Since then, the number of
hydrocarbon compounds shown to be catabolized anaero-
bically by bacterial cultures has been steadily increasing.
Anaerobic degradation of oil and oil products proceeded
during nitrate-reducing (Callaghan et al. 2009), denitrifying
(Rabus et al. 2001), iron-reducing (Dawn et al. 2011),
sulphate-reducing (Dorota and Borkowski 2007), and
methanogenic (Aitken et al. 2013) bacterial processes. So,
mentioned bacterial groups could be used to remediate oil
polluted natural habitats. However, some products of these
bacterial processes are environmentally toxic, i.e. hydrogen
sulphide, the product of sulfate reduction process, therefore
thorough study of conditions and environmental engineering
of additional measures is needed.
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The aim of our study was to research oil polluted karst
territories of the Perm region (Russian Federation) and to
develop methods of remediation.

2 General Characteristics of the Region Karst

Karst rocks such as limestone, gypsum and salt occur within
vast areas of the Western Urals (Russian Federation).
Modern and ancient karst is widespread there. Three geo-
logical structures are presented in this area: the eastern
margin of the East European Platform, the CisUrals Fore-
deep and the Urals’ Folded Zone. Sulphate karst and to a
lesser extent carbonate karst occur mainly on the Platform.
Salt and gypsum karst developed in the CisUrals Foredeep,
whereas dolomite and limestone karst, and somewhere
marble karst, are registered in the Urals’ Folded Zone. Karst
rocks are covered by eluvial and deluvial deposits, and
overlapped in river valleys by alluvial deposits or
non-karstic rocks of a relatively small thickness. Seldom
karst rock remains uncovered.

The territory of the Western Urals undergoes strong
technogenic impact, which alters significantly the conditions
and factors of karst development due to irreversible trans-
formation of relief and rocks, pollution of surface and
groundwater, and vegetation degradation.

The Perm region occupies an area of about 160,000 km?.
The karstified rocks, i.e., paleozoic limestones, dolomites,
gypsums, anhydrites, and rock salts, are either exposed or lie
close to the surface in the area of about 30,000 km?. The
Perm region is one of the areas where oil deposits are
development also—oil deposits are distributed in a large part
of its territory. A considerable number of oil deposits are
located on the catchment area of the Kama River and it
tributaries (see Fig. 1). In this area, the groundwater is
poorly protected from oil and oil products pollution due to
the intense karst development. Karst regions have some
features, creating peculiar conditions of oil pollution distri-
bution due to rock fracturing and permeability of rocks,
vertical zonality of water exchange rate. Lithological com-
position of karst rocks have an indirect impact on oil pol-
lution—it mainly determines the chemical type and
mineralization of groundwater, which in turn both influence
on migration capability of oil products and determine the
distribution conditions and the scale of pollution (for
example, an increase in water salinity decreases the solu-
bility of oil in water). Contaminated karst groundwater dis-
charges to rivers which results in pollution of the river and
adjacent areas.
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We studied two sites of karst rocks and groundwater
polluted with oil and oil products and differed in redox
conditions.

3 Aerobic Oxidation of the Qil in Karst Rocks

The first studied site is situated in the Polazninskiy karst area
of gypsum and carbonate-gypsum karst in central part of the
Perm region. This area encloses the left coastal side of the
Kama water reservoir. Karst development in the region was
promoted by the formation of the Kama water reservoir in
1954, which induced the water level rise of 20-22 m.
1691 karst forms are found on the area of 28.1 km?, 97% of
them are sinkholes. Other karst forms, such as karrs, karst
trenches, hollows, gullies, dry river channels and lakes also
occur within this area. The relative average density of karst
forms reach 60 per km” The existing karst forms are
renewed and new ones appear. The bulk of karst cavities
occur within the zone of seasonal fluctuation of
fractural-karst water, where dissolution of rocks develop
most intensely (Milanovic 2000; Pecherkin 1969).

There are oil deposits beneath the banks of the Kama water
reservoir. During a 50-year period of oil deposit exploration
the oil lens (thickness up to 2-3 m) was formed within karst
rocks on the surface of the water table and became a source of
pollution of the Kama water reservoir. Investigations revealed
that the most probable and basic source of formed oil lens
were spills and discharges of oil on the ground surface during
initial stages of deposit exploitation.

There is a direct connection between the karstic ground-
water water table and the Kama water reservoir level: fluc-
tuations of water level in the Kama water reservoir induce
the karstic groundwater movement into rock massif and
backward in the reservoir, that is favourable to maintain
aerobic redox conditions in groundwater. Oxidative weath-
ering and bacterial degradation of lens’ hydrocarbons as well
as the fluctuation of water table within karst massif led to the
formation of bituminous film on the walls of the lens con-
taining cavity, which prevents the direct flow of lens’
hydrocarbons to the Kama water reservoir. Water-dissolved
oil products discharge as springs to the reservoir freely. The
intensity of discharge is controlled by the level of water in
the Kama water reservoir (see Fig. 2).

To improve the ecological situation the technology of
mechanical and microbiological cleaning of polluted waters
was utilized, consisting of the pumping oil out of the lens
using a special technique and the biochemical destruction of
oil using the natural biodegradation based on activation of
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Fig. 1 Karst territories in Perm
Region
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aerobic oil-degrading bacteria in groundwater. The work
consisted of several stages: the isolation of active
hydrocarbon-oxidizing bacteria from karstic groundwater
and the study of their oil degrading capability; the devel-
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hydrocarbon-oxidizing bacteria; the stimulation of ground-
water hydrocarbon-oxidizing microflora with inorganic
nutrients supplies; and the introduction of developed bacte-
rial preparation into groundwater to achieve complete oil
removal (Maximovich and Khmurchik 2009).
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Fig. 2 Mechanism of pollution
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4 Anaerobic Oxidation of the Oil in Karst
Rocks

The second studied site is situated in the Irensky karst dis-
trict in the south part of the Perm region. Forms of karst in
the district are diverse. Karst depressions concentrate surface
runoff and feed karst groundwater, which in turn discharges
to rivers. Karst rivers are typical to the Irensky karst district,
most of them are tributaries of the Iren river. Effluents of
these rivers are represented by the karst springs arising at the
foot of the gypsum rocks (Gorbunova et al. 1992). The
Turaevka and the Kamenka karst rivers flow on the territory
of the Irensky karst district. Part of the riverbeds are
underground and discharge as karst springs. The Kokuys-
koye oil deposit occupies part of the territory of the Irensky
karst district, its oil-producing wells are located in the
catchment area of the Turaevka and the Kamenka rivers.
Until the 1990s the water in the rivers was clean and used
as potable. Numerous accidental spills of oil and technical
fluids on the surface and leaks of oil through broken sides of
oil-producing wells led to pollution of karstified rocks with
oil and oil products. Now water of the Turaevka and the
Kamenka rivers contains saturated and unsaturated hydro-
carbons, hydrocarbon acids, ethers, alcohols, and halo-
genated derivatives. The bottom of the rivers are covered
with a thin layer of dark brown oil tar for tens of meters
downstream from their discharges from the rocks, and sub-
aqual springs in the riverbeds periodically discharge.

A strong smell of hydrogen sulfide comes from the water of
these rivers, as well as the deposition of elemental sulfur
covers the underwater part of the river plants.

In our opinion, these features indicate the development of
bacterial sulfate-reducing process where oil hydrocarbons
serve as carbon and energy sources to bacteria. So, there is
natural bioremediation process developed under anaerobic
environmental conditions. These conditions established in
the underground part of riverbeds after the depletion of
water-dissolved oxygen in oxidative processes. The product
of bacterial sulfate-reducing process, hydrogen sulphide, is
very toxic to river fauna, but readily oxidizable on air. The
product of hydrogen sulphide oxidation is elementary sul-
phur undissolved in water. Therefore we recommended
construction of oxidizing and precipitating ponds down-
stream of the rivers’ discharges from the rocks to improve
the environment.

5 Conclusion

Karst territories occupy approximately one third of the Earth
surface. Karst rocks and water are weakly protected from
any pollution, including from the surface. The remediation
of Kkarst territories is often technically difficult and
expensive.

Karst rocks and water contain natural bacterial popula-
tions, which could degrade a great number of various
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pollutants. The most common pollutants of karst rocks and
water are hydrocarbons and other compounds of oil espe-
cially in oil industry regions.

As natural bacterial populations can degrade oil and oil
products both in aerobic and anaerobic conditions, envi-
ronment oil pollution of any origin—natural, man-made or
both—could cause the activation of aerobic or anaerobic
microflora of water and rocks. So, this capability of natural
bacteria could be used in bioremediation technologies.
However, some products of these bacterial processes could
be environmentally toxic, therefore thorough study of
environment conditions and engineering of additional mea-
sures could be needed.

Authors studied two sites of oil polluted karst territories
of the Perm region (the Western Urals, Russian Federation).
Aerobic bacterial degradation of oil products occurred at the
first studied site and anaerobic one at the second site. The
complex method of mechanical and biotechnological reme-
diation of the first site was elaborated: a bulk of oil was
eliminated with pumping; natural hydrocarbon-oxidizing
bacterial populations were stimulated with inorganic nutri-
ents supplies; hydrocarbon-oxidizing bacteria were isolated
and bacterial preparation was made and applied to achieve
complete oil removal. Recommendations on engineering of
additional constructions were made to improve the envi-
ronment at the second studied site.

Acknowledgements Work was financially supported by the RFBR
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