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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.
Keywords: oil products, soil, oil pollution, earthworms, biotechnology, vermi-compost.

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 activities 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 biohumus 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/kr), oil (1 g/kg). Initial numbers of worms in soil — 150 individuals
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By visual observation it was found increase of soil structure and its porosity due to biohumus and
worms provided in soil. This should increase aeration and improve soil water regime, thereby contributing
to physical, chemical and microbiological process of destruction of oil.

The process of disintegration of oil products was observed in substrates while adding biohumus
without presence of worms. With increase of added mass of biohumus into soil up to 0.30 g/kg, there was
a gradual reduction of oil in contaminated soil (Figure 2). These results show that except worms, addi-
tional contribute in destructing of oil product in some extend make microorganisms living in biohumus.
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Figure 2 — Dependence of the residual concentration of oil in the soil to the amount of biohumus
(duration of the experiment) = 4 months; m (soil) = 1 kg; C (oil) = 1g/kg

By the end of study it became clear that adding worms to soil and biohumus greatly intensifies the
process of dissolution of oil in samples. According to comparative data it was presented a significant
reduction of oil content under the influence of Californian red worms and biohumus. If at the beginning of
experiment 1 kg of soil was contaminated with 1 g of oil (0,1%), at the end of experiment 1 kg of soil of
contaminated soil with oil turned to 0,68 g (32%), in the treated soil with biohumus without worms 0,51 g
(49%) oil, and in soil treated with worms and biohumus oil content was reduced to 0,32 g (68%).

Contaminated oil was cleaned from oil product by 68% in the result of elimination process activation
(Table).

The degree of soil purification from oil product

Ne The content of test sample Oil residue in soil, g/kg The degree of soil purification from oil product, %
1 Control 0,68 32,0 £0,5

2 Soil + biohumus 0,51 49,1+0,5

3 Soil + biohumus + worms 0,32 68,1 £0,5

Conclusion. The results of these experiments suggest the possibility of using earthworms and
biohumus for detoxification of soil from oil products. It was shown good rate of studied Californian
worms and preservation of their producing activities in the oil contaminated soil substrates and they can be
used for contaminated soil remediation.

—— Y4 ——



ISSN 1991-3494 Ne5.2016

REFERENCES

[1] Akbasova A.D., Duambekov M.S., Sainova G.A. Soil protection : Textbook . Astana: Folio, 2008. 296 p.

[2] Pikovsky Y.I. The problem diagnostics and regulation of soil contamination with oil and petroleum products /
Y .I.Pikovsky , A.N.Gennadiev, S.S.Chernyansky , G.N.Saharov // Soil science. 2003. N 9. P. 1132-1140 .

[3] Aytkeldieva S.K., Baygonusova Zh.A., Kurmanbaev A.A.// Oil and gas. 2009. N 5. P. 129-135.

[4] Workshop on microbiology and virology Textbook / Zh.K.Tulemisova , G.T.Kasenova ; Kazakh National Agrarian
University . Almaty: Nur -Print, 2008. 166 p.

[5] Determination of the parameters of oil contamination of soil by optical spectroscopy / A.l. Polyakov, M.I. Bitenbaev //
Oil and gas. 2011. N 1. P. 74-80.

[6] Recovery of oil-contaminated soil ecosystems / Under red. M. A. Glazkovskoy. M.: Nauka, 1988. 264 p.

[7] Abrosimov A.A. Environmental processing of hydrocarbon systems / Ed. M. Y.U Dolomatova , E.G. Telyasheva. M.:
Chemistry, 2002. 608 p.

[8] Bocharnikova E.D. The impact of oil pollution on properties of gray- brown soils of Absheron and gray forest soils of
Bashkortostan / ED Bocharnikova // Author. dis . ... cand. biol. nauk. M., 1990. 16 p.

[9] Veljko V.V. bioremediation; principles, problems, approaches / VV Veljko // Biotehnologiya. 1995. N 3-4. P. 20-27.

[10] Goldberg V.M. waters technogenic pollution of hydrocarbons and its environmental impacts / V.M. Goldberg, V.P.
Zverev, A.l. Arbuzov and others. M.: Science, 2001. 125 p.

[11] Davydov S.L. Oil as a fuel resource and pollutants / S.L. Davydov , V.I. Tagasov. M.: Publishing House of the Peoples'
Friendship University, 2004. 131 p.

JUTEPATYPA

[1] Ax6acoBa A./l., llyambexoB M.C., CannoBa I'.A. Oxpana nouB: YueOuuk. — Acrana: ®onnant, 2008. — 296 c.

[2] Tukosckuii FO.U. IIpoGiema AMATHOCTHKMA M PETYJIUPOBAHUS 3arpsA3HHBIX HeThiO M HEPTEHPOAYKTaMH MOYB /
Y .I.Pikovsky, A.N.Gennadiev, S.S.Chernyansky, G.N.Saharov // TlouBoenenue. 2003. — Ne 9. — C. 1132-1140.

[3] AiitkennueBa C.K., Baiironycosa JXK.A., Kypman6aeB A.A. // Hedtb 1 raz. —2009. — Ne 5. —P. 129-135.

[4] Ipaxtumkym mo wmukpoOmomormu W Bupycojormn YueOHuk / JK.K.Tynmemmcosa, I'.T.KacenoBa. — Kazaxckuit
HallMOHAJIBbHBIN arpapHblil yHUBepcuTeT. — Anmatsl: Hyp-IIpunr, 2008. — 166 c.

[5] Onpenenenue napameTpoB HeTIHOTO 3arps3HEHHS MOYBHI C MOMOINBIO onTHYeckor criekrpockormu / A.W.Ilonsakos,
M.U.Butentaes // Hedrb nraz. —2011. — Ne 1.

[6] BoccTanoBneHue HedTe3arpsa3HEHHBIX MOYBCHHBIX 9KocucTeM / [lox pen. M.A.I'naskosckuit. M.: Hayka, 1988. 264 c.

[7] A6pocumoBa A.A. Dxomnoruueckas nepepadoTka yriaeBogoponssix cucreM / [lox pen. M. lonomarosa, E.I'. Tensmesa.
— M:. Xumus, 2002. — 608 c.

[8] Bouapuukosa E.D. Biusinue HedTsIHOrO 3arps3HEHHs Ha CBOMCTBA CEPO3EMHBIX M0YB AOILIEpPOHA U CEPhIX JIECHBIX MI0YB
Bamkoprocrana / [Ton pex bouapHukoBa: ABTOp. AHMC. ... KaHA. Onor. Hayk. — M., 1990. — 16 c.

[9] Benmsko B.B. bruopemenuanus: mpuHIMITEL, TPoOIeMbl, moaxoas! / buorexnonorus. —1995. — Ne 3-4. — C. 20-27.

[10] FombrGepr B.M. TexHoreHHOE 3arps3HEHHE BOIHBIX CHCTEM YIJTIEBOJOPOJAMH M HX BO3JEHCTBH Ha OKPYXAIOIIYIO
cpeny / B.M. T'oms6epr, B. I1. 3Bepes, A. 1. ApGy3oBa u ap. — M:. Hayka, 2001. — 125 c.

[11] JaBbimoBa C.JI. Hedth B kauecTBe TOIIMBa pecypca u 3arpsisustomue Bemmectsa / C.JI. lasbinos, B.M.Taracos. — M:.
UznarensctBo Poccuiickoro yauBepcuteta apyx0b1 Hapoaos, 2004, — 131 c.

I'. A. CaunoBa, b. A. BaiiceutoBa, C. K. Kyp6anusizoB

K. A. Slcaym aThIHIAFBI XaNbIKAPAIBIK Ka3aK-TYPiK YHHBEpCHTETI, TypkicTan, Ka3zakcran

MYHAWMEH JIACTAHFAH TOIIBIPAKTBI
KAJIM®OPHUSAJIBIK KYPTTAP KOMEI'TMEH TA3AJIAY 9ICI

AnHoTanus. Makaniaga MyHail @HIMICPIMEH JIaCTaHFaH TOIBIPAK JKYHECiH BEpPMUKOMITOCT koHe KamudopHus-
JIBIK KYPTTap KOMETIMEH KaJlllbIHa KEeNTIPY MYKIHIILIIrT KOpCEeTUIreH.

Tyiiin ce3mep: MyHail eHimuepi, TONbIpak, MyHaliMeH JlacTaHy, >KayblH KYpTTap, OMOTEXHOJIOTHS, BEPMH-
KOMIIOCT.

I'. A. CaunoBa, b. A. BaiiceutoBa, C. K. Kyp6anuszon
MexayHapoaHBIA Ka3aXCKO-Typelkuii yauBepcureT uM. X. A. fcasu, Typkecran, Kazaxcran
METO/] OYUCTKH 3ATPSI3HEHHBIX HE®THIO IIOUB KAJTM®OPHUICKMUMU YEPBSIMHU

AnHoTanusi. B cratbe mnokasaHa BO3MOKHOCTb BOCCTAHOBIICHHSI 3arpsi3HEHHBIX He(TENpOAyKTaMH II0YB
BepMHUKOMIIOCTOM U KannhopHUICKIMYU KpaCHBIMH YEPBSIMU.

Ki1roueBble cioBa: He(TEIIPOMYKTHI, [I0YBA, 3arpsi3HEHUE HEPTHIO, 3EMIITHBIE YePBH, OMOTEXHOJIOTHS, BEPMH-
KOMIIOCT.
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