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A METHOD OF PURIFICATION OF OIL CONTAMINATED SOIL
WITH THE HELP OF CALIFORNIAN WORMS

Abstract. In this paper, the possibility of recovery of oil contaminated soil through the application of vermi-
compost and Californian red worms is presented.
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Introduction. Soil landscape is a component of biosphere which assumes major “ecological press™.
Contaminants are emitted into the atmosphere, water sources eventually will deposit into soil system. In
this regard, soil degradation has become major environmental problem. Soil degradation is a result of
various natural and man made causes, taking the form of chemical pollution, desertification, bogginess,
etc. Anthropogenic degradation is either result of immediate human impact (mechanical, chemical), or
reasons connected with natural supergene or soil-forming process. As a result, separate combinations of
adverse soil properties are developed and reduction of biological productivity of landscape occurred.

We can identify oil and gas industry activitics among the anthropogenic factors leading to soil degra-
dation. Especially biggest damage to nature caused by accidents on the oil and gas pipeline. Thus in one
oil pipeline leak there is in average 2 tons of discharging oil which pollute 1000 m® of land and as a result
of accident at gas condensate pipeline there will be discharged at an average 2 millions of tons of oil
product to the ground per year [1].

Currently, solution of environmental problems regarding soil cover of Kazakhstan requires urgent
actions. Even today about 60% of soil cover of the republic apply in varying degrees to degraded,
depending on the characteristics of natural environment and their national economic use. Kazakhstan is
occupying the 9" position in the world by area and is already at risk to become a zone of ecological disas-
ter in near future. In many respects the cause of created dismal environmental situation is a human factor.
Progressive increase of anthropogenic load of soil will hardly complicate the environmental situation of
oil producing regions.

There is high soil pollution with oil and oil products on the area of 1.5 millions of hectares. The most
of the soil and environmental pollution is occurring in the following areas: Atyrau — 59%, Aktobe — 19%,
Western Kazakhstan region — 13% and Mangystau — 9% [3].

Oil spill on land causes significant, at times irreversible changes to its features such as forming of
bituminous salt marsh, tarring, cementation, etc. These changes result in vegetation damage and biological
productivity of land.

As far as it known for dissolution of oil in soil, decisively influence functional activity of complex of soil
microorganisms which provide full mineralization of oil and oil product into carbon dioxide and water [4].

In the first stage, changes of soil biota is characterized by mass mortality of meso and micro faunas;
in the second stage — “boom”™ of microbiological activity of specialized microorganisms and subsequent
gradual evolution of the ecological community correlating with the constantly changing geochemical
situation of soil.

Oil pollution significantly changes the structure of soil actinomycentes, reducing their number and
impoverishing the species composition. In addition to oil contaminated soil, the number of phytotoxic
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species of microfungus increases. The development of phytotoxic form of microfungus can enhance the
negative impact of oil pollution [5]. Initially, in the interval of concentration corresponding to zone of
homeostasis (1 ml/kg), the oil does not have a significant influence on soil microbiota, it acts as biological
stimulant. A higher dose of oil (zone of stress 1-30 ml/kg) leads to irreversible changes in the micro-
biological properties of the soil and to the disturbance of its water-air regime in the future.

Oil pollution differs from other human impacts with its “immediate” load to environment, causing a
rapid response. In assessing the effects of such pollution, we cannot always surely state if the ecosystem
will return to a steady state or continue irreversible degradation. Self healing and land restoration are inse-
parable biogeochemical processes. The natural self-purification of natural objects from oil pollution is a
lengthy process. Existing mechanical, thermal, physical and chemical methods of purification of oil
pollution of soil are expensive and only effective at a certain level of pollution (usually not less than 1 %
of the oil in the ground) and often associated with adding more contamination and do not provide com-
pleteness of purification. In this regard the development of methods for cleaning soil from pollution of
petroleum hydrocarbons is an urgent task.

The aim of this paper is to find out the possibilities of using biotechnological approach for land
restoration of oil polluted soil.

Research methods. We studied the effect of earthworms and biochumus to change the content of
petroleum products in contaminated soils at laboratory conditions. For the study we used a hybrid red
Californian earthworm Eisenia foetida.

Experiments were carried out in box of 500 mm x 300 mm x 250 mm. We used cerozem, artificially
contaminated with oil additives from Kumkoil oilfield in Kyzylorda region (the rate of 1 g of oil per 1 kg
of soil). For the experiment we used same age worms about 60-70 mm in length by 150 individuals. As a
control there was oil contaminated soil without additives of biohumus.

Research results and discussion. Providing worms in soil significantly stepped up the process of
dissolution of oil in the samples. On the basis of experimental data it was found that to reduce oil content
in contaminated soil, impacts various factors (duration of experiment, the concentration of biohumus,
etc.). Namely, there was a gradual reduction of oil in soil in substrates with Californian red worms and
biohumus with increasing duration of experiment. Experiment results are given in Figure 1.
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Figure 1 — Dependence of oil content from the duration of experiment.

Substrate: gray soil (5 kg): biohumus (0,25 r/xr), oil (1 g/kg). Initial numbers of worms in soil — 150 individuals







