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OINPEJIEJIEHUE KOPPO3UMHO-ONMACHON MUKPO®JIOPHI B TPYHTAX
OKOJIOTPYBHOI'O ITPOCTPAHCTBA HE®TEIIPOBOJA «KAPAKOUH-
IIBIMKEHT»

AHHOTALIMSA

[TpoBeneH cpaBHUTENBHBI MHUKPOOHMONIOTHUECKUI aHaln3 oOpa3loB TpyHTa, OTOOpPaHHBIX B 6
TOYKax Ha mpoTsbkeHun HedrenpoBoma «KapakowH-LIbIMKEHT» € LENbIO OMpEAeNeHUsT KOPPO3HIMHO-
OmacHOW MHKpOQUIOpEl  (CymbhaTpeqynupyronme, IeHUTPUPUINPYIOIIAE, JKEIe30- W MapraHel-
OKHCIISIIOIIME U THOHOBBIE OakTepuu). B oOpasue rpyHTa, 0TOOpaHHOTO BO3Jie TPYObI ¢ HapylIEHHEM
W30JISIIIMOHHOTO MOKPHITUS (yuacTok No2), HaOmoaaeTcs yBeanueHHE KOJIMIECTBa JCHUTPUDUITHPYIOIINX
MHKPOOPTaHU3MOB M IMPEACTaBUTENCH poaa THOHOBBIX Oaktepuii Thiobacillusferrooxidans, uro moxer
CBHICTENLCTBOBATH O  Hayajge MpomeccoB  Kopposun. OTMEYEHO  BBICOKOE  COJCpIKaHHE
Cynb(haTpeIyIUPYIONIUNX U MapraHel-OKUCISIONIMX OakTepuil Ha ydacTtke Ne 6.

KialoueBble  cioBa:  Koppos3usi, OHMOKOppo3us,  TpyOOIpoBOA,  KOPPO3MHHO-OMACHBIE
MHKPOOPTaHH3MBI.

buokoppo3usi HAHOCUT OTPOMHBIN yIIEpO HAPOJAHOMY XO3SIHCTBY, B YaCTHOCTH, HE(TSIHOU
NPOMBIIIJICHHOCTH B Pe3yJibTaTe 0€3BO3BPATHBIX MOTEPh METalIa, MPEKACBPEMEHHOTO BBIXO0/1a
U3 CTpos OOOpYAOBaHMS W KOMMYHUKAlMH, a TakXe aBapuiHBIX BHIOPOCOB HEPTH U
HePTENpOAYKTOB. M3BECTHBI ciydaW pa3pylIieHHs OT OHOKOPpPO3HHM OCH3WHOBHIX HACOCOB,
OEH3MHOBBIX M HE(TAHBIX pe3epByapoB. J[esTeTbHOCThI0O MUKPOOPIaHU3MOB, 110 MHEHUIO psizia
aBTOpOB, MOXeT ObITh o00ycioBieHo OT 50 no0 80% KOPPO3HOHHBIX MOBPEXKIECHUN
TpybonpoBojoB [1,2]. Haubonee yacto KOppO3WI0 METAJJIOB CBA3BIBAIOT C JAEATEIbHOCTHIO
cynabdarpenynupyromux Oakrepuii  (CPB) pomos Desulfovibrio u  Desulfotomaculum,
MOBBIIIAIONIMX arpPECCUBHOCTh T'PYHTa M TPYHTOBBIX BOJ B pe3yibTaTe mpoaylupoBanus HjS,
THOHOBBIX OakTepuii poma Tiobacillus, okucisromux cepy W ee COEAMHEHHS 10 CepHOM
KUCIIOTHI, xkere3o0akrepuit ponos Callionella n Sperotilus, OKUCISIFOIIMX 3aKUCHOE JKENe30 JI0
OKHCHOTO, a Takke ACHUTPUDUIUPYIOMUX OakTepuid, KOTOpble B pe3yibTaTe CBOEH
xu3HenesaTensHoctd npoayuupyor CO;, NH; u  opraHuueckue KHUCIOTBHI, BbI3BIBAIOLIME
NMEKTPOXUMHUUECKYI0 Koppo3uio. [3-5].

[lenpio uccnenoBaHMs SBISUICS aHAJIM3 OOpaA3LOB IPYHTA OKOJIOTPYOHOTO MPOCTpaHCTBA
HedrenpoBoaa «Kapakous-11IsiMKeHT» Ha HaATMYUE KOPPOZHIMHO-OMACHON MHUKPOQIIOPHI.

MarepuaJibl 1 METObI

OObekTamMH HCCIENOBaHUN CIYXHIU 00pas3ibl rpyHTa, OTOOpaHHBIE C 6 Y4acTKOB Ha
MPOTSHKEHUH MaructpaibHoro Hedrenposoaa «Kapakoun-llIeivkenT» B Toukax: 1 - 1284 km; 2
- 1554,2 xm; 3 - 1554,7 xm; 4 - 1556,5 xm; 5 - 1582 xm; 6 — 1617 xm. TpyOsl HedTenpoBoa
BoimonHeHsl u3 crtamu 171'1C. Todeunsie mpoObl O0TOMpaNM MOYBEHHBIM OypoM Ha MPOOHOI
IUIONIAJIKE MO TOPU30HTaM MeToJIoM KoHBepTa. OOBbEAMHEHHYIO NMPoOy COCTABIISIIM IYTEM
CMENIUBAHUS MATH TOUYCYHBIX P00, OTOOPAHHBIX HA OJTHOM IJIOMIA/KE.

Cynbsdarpeayuupyromniue 0akTepun BoiAensiid Ha cpeae [loctreiita B, neautpudukaropsl
— Ha cpene [mnbras, *KeNe300KUCISIONINE U MapraHel] OKUCISIONINEe MUKPOOPTaHU3MBI — HA
cpene 3axaposoii-ITapdenosoit, Thiobacillus thioparus — na cpene Beitepunka, Thiobacillus
thiooxidans — na cpene Bakcmana, Thiobacillus ferrooxidans — na cpene 9K [6,7].
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Pe3yabTaThl M 00Cy:KIeHHE

B pesynbTare nccnenoBanus 0OTOOpaHHBIX MPOO TPYHTA OBLIO OMPEACTICHO HATUYNE TAKHX
KOPPO3UIHHO-0MACHBIX TPYII MHUKPOOPTraHU3MOB, Kak NeHUTpuduuupyrommue, TuoHossie, CPBb,
JKEJIE300KUCHSIONNEe W Mapraneuokucisionie. [lomydeHHble pe3yiabTaTbl MPUBEACHBI B
Ta0JIHLIE.

Cynbdarpenynupyronue OaKTepUU BBI3BIBAIOT KOPPO3WIO B TIpOIeccax KaTOAHON
JENOJSpU3aMK JKeie3a, KOTopasi yBEIMYMBACT €ro pacTBOPUMOCTh. 3HAYMTENbHAs KOPPO3Us
(6osee 200 r/M2 MeTasuia 3a 2 HEIETN) MOXKET MPOUCXOIUTH TOT/Ia, KOT/1a KOJIMYECTBO OaKTepHid
coctaBisier 1000-10000 ki/mim, mpu 3TOM MOBpEXIACHUS MeTauia, Bei3biBaeMbie CPb, nmmeror
Bua riybokux naryH [8,9]. Ilo mosydeHHBIM JaHHBIM MOXXHO CKa3aTb, YTO B OCHOBHOM
konudecTtBo CPb B uccienyembix obpasmnax ucuucisercs aecsatkamu. B oOpasme Ne 1 cynbdar
PEAYKTOPEI HE OOHAPYKEHBI, a B 00pa3ie No 6 uxX KoJudecTBO cocTaBuio 9500 KiI/T MOYBHL.

Tabmuua - KonmdyecTBeHHBIN ydeT KOPPO3UITHO-OMTaCHBIX MUKPOOPTaHU3MOB B 00pas3iax rpyHra
C pa3inMyHbIX yuyacTKoB HeprenpoBoa «Kapakonn-1LIIbIMKeHT»

I'pynmsr Enunn KonndaecTBoO MUKPOOPTaHU3MOB B Pa3IMIHBIX 00pa3nax rpyHTa
MHKpOOpra- na
HHU3MOB n3Me- 1 2 3 4 5 6
penus
Henurpudu- HBY
LHpYOLLHE K/ 2,5%10° 1,3x10* 2,5%10° 2,5%10° 6,0x10° 6,0x10°
Thiobacillus | HBicr |5 oyt | p5x10t | 2,5%102 . 2,5%10* .
thioparus /r
Thiobacillus | HBYxr 2,510 ) 2.5%10° ) ) )
thiooxidans /r
Thiobacillus | HBYxkn
ferrooxidans I - 2,5%10° 2,5%10° - 2,5%10° -
CPb Iif’/f - 45x100 | 4.5x10" 4,5%10* 45%10° | 9.5%10°
Keneso- KOE/r | (2,90+0,7) | (1,76+0,56) | (3,87+2,6) | (1,71+0,55)x | (2,60+0,7) ]
OKMCIISIOIIHE x102 10° x10? 10° x10°
Mapranern- KOE/r | (1,2640,1) | (6,02+1,0)x1 | (7,95+1,2) | (3,45+0,8)x1 | (7,45%1,2) | (1,15%0,1)
OKHCJISIOIIIE x10° 0® x10° 0® x10* x10*

Koppozupyromas cnocoOHOCTh JEHUTPUPUITUPYIOIINX MUKPOOPTAHU3MOB B PSIJIE CITy4aeB
MoxeT ObITh Bbille, yeM CPb. 3naunrtenbHas koppo3us 000pyIOBaHHS HPOMCXOTUT TOTAA,
KOrJla KOJMYECTBO JAeHUTpUHUIMpyromux Oakrepuil coctaBiser or 1000 mo 10000 xi/mu.
Pazpymatecss moxetr Gonee 330 r/M* Meramna 3a 2 Hexemu [8]. ITo momyueHHBIM IAHHBIM,
JEHUTPUDULIHPYIOLIUX MUKPOOPraHu3MoB Oosblie Bcero B oopasie Ne 2 - 13000 ki1/1T moyBHI.
A HamMmeHblee ux koaudecTBo (250 ki/1r mouBsl) oTMedeHO B oOpasiie Nel.

[IpencraBuTennn THOHOBBIX OakTepWil SIBISIOTCS AKTUBHBIMH areHTaMH MHKPOOHOM
KOpPpPO3MM METAJIOB. YuacTHe OJTUX OakTepui 3akioyaercs B MeTa00IMYEeCKOM
MPOyLIUPOBAHNU H30bITKa MOHOB BOJOpOJA, T.. co3AaHuM KHcibIX cped [9,10]. Onnako posb
THOHOBBIX OakTepuii, Kak (pakTopa KOppO3HHM, 3aKIIOYAETCs HE TOJBKO B 0Opa30BaHHU CEPHOM
KUCJIOTBI, sIBJISIOIICHCS 3ekTpoiuToM. K mpumepy, T.ferrooxidan SokuciseT 3akMcHOE Kene3o
JI0 OKHCBHOTO, KOTOpOE SIBJIIETCSI OYEHb ArpeCCUBHBIM IO OTHOIICHUIO K METAJUTMYECKHM
COOPYEHHSAM, MOCKOJBKY BBICTYMAET KaK aKTHUBHbIA okuciutenb [11]. B xome mpoBegeHHbBIX
UCCIIeJOBAaHHU BBISBICHO, YTO MpencTaBuTenn poaa Thiobacillus B He3HaYUTEIEHOM KOJIHYECTBE
BCTPEYAIOTCS BO BCeX 0Opasiax, kpome oopasioB Ne 4 u 6. Ognako B oopasie Ne 2 ormedaercs
3HAYMTENIbHOE yBEIWYCHUE KoimuecTBa kietok Thiobacillus ferrooxidans - mo 250000xin/1r
MOYBBI.
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Bnaronaps pocty xkene300akTepuii Ha TOBEPXHOCTH TPYObl 00pa3yroTcs KaBepHbl U TAKHM
o0Opa3om co3aaTcs Aud@epeHIupoOBaHHO a’puUpyeMble slUEHKH, B KOTOPBIX BEHTUJIMPYEMbIE
YYaCTKH UMEIOT 00Jiee BHICOKHIA MOTEHIHAN U (DYHKIIMOHUPYIOT KaK KaTo/a; MEHee adpupyemble
Y4aCTKU TOJ KaBEpHOIl AeHCTBYIOT Kak aHoA. OUeBHUIHO, UTO B KOPPO3HOHHOH IEsITeNbHOCTU
xKene300akTepuil HEMaJOBaXHA TaKXKe MX KaTaja3Has aKTHMBHOCTb W YBEJIHUYEHHE CKOPOCTHU
KOPPO3WH 3a CU€T MpoayKTa MeTaboiusma — mepekucu Bojopoxa. [12,13]. Tlo pesynapratam,
NPUBEJCHHBIM B TaOJHIIE, MOXHO CKa3aTh, YTO BO BCEX 00paslax MPUCYTCTBYIOT MapraHell-
OKHCJISIIOIINE MHUKPOOPTaHu3Mbl M HauOosbinee ux kommuecTtBo (126000ki/1r mousbl) - B
obpasziie Nel. JKene300KHCHSIONIME MHKPOOPTaHM3MBI HE BBIABICHBI B oOpasne Ne 6, B
OCTJIBHBIX 00pa3iax ux KoiuuecTBo BapbupoBasio oT 290kn/1r mouBsiB o6pasme Nel mo 26008
obpasie Ne 5.

TakuM 00pa3oM, Ha OCHOBAaHUM IOJIYUEHHBIX PE3yJIbTaTOB, MOXKHO CJIENaTh BBIBOJ 00
YBEIMYCHUU KOJHMYECTBA JCHUTPH(PUIMPYIOMNX MHUKPOOPTAaHU3MOB M IPEICTaBHTENCH poja
THOHOBBIX OakTepmii Thiobacillus ferrooxidans na ywactke Ne 2, riae oOHapyXeHO HapylIeHHE
[IEJIOCTHOCTH OOMOTKH. DTH JaHHBIE MOTYT CBHJETEIILCTBOBATH O Hayaje KOPPO3MOHHBIX
MPOLIECCOB Ha JaHHOM yuacTke. Taxke, MpuUHUMas BO BHUMaHUe BbIcOkoe cojnepkanue CPb u
MapraHel-OKUCIIomuX OakTepuii Ha ydactke Ne 6, MOXXHO cKa3aTh, 4TO TPH CO3AaHUU
OTIpe/ICNIEHHBIX YCIOBHM BHICOKA BEPOSITHOCTh AKTUBHBIX KOPPO3UHHBIX MPOIIECCOB.
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PMK «Muxkpobuosorus xone Bupyconorust UHcTuTyTb» KP BEFMEK, Anmarsl K.

«KAPAKOUBIH-IIIBIMKEHT» MYHAWKYBbIP KEHICTITTHIH KYSEBIP MAHBI
TOIIBIPAFBIHIAT'BI KOPPO3UAJIBIK KAYIITI MUKPO®JIOPAHBI AHBIKTAY

Kopposusneik-kayinTi Mukpodmopassl (Cymb(arpeaysiiaynisl, ACHATPHPUINIAYIIB, TeMip
JKOHE MapraHel] TOTHIKTBIPYIIBI >KOHE THOH OakKTepusulapbl) aHbIKTAay MakcaTbiHga «Kapakoibia-
IIpiMkeHT» MyHaWKyOblp OOHBIHAH 6 HYKTeAE aJblHFAH TOMBIPAK YJATIJIEpiHE CaJbICTHIPMAIIBI
MUKPOOHONIOTHSUIBIK  Taliiay OKYPri3unmi. MBonsmusuielK KaOBIHABICHL OY3bUTFaH KYOBIp MaHBIHAH
aNbIHFaH TombIpaK yoaricinae (Ne2 Oemimine) AeHUTPHDUIUSIAYIIBI MHKPOOPTaHWU3MAED MEH THOH
6akrepustiap Thiobacillus ferrooxidans typi exingepiHiH CaHBIHBIH apTKaHIBIFbI OalKaJbII, KOPPO3US
YpIiciHiH OacTtanraHAbIFbIHA fonen Ooma amansl. Ne6 Oemimmiene cynb(arpemaylusuiaymibl SKOHE
MapraHel] TOTBIKTBIPFBIIT OaKTepUsITapAbIH KOFAPhl MOIIIEPi OeNTiIeH .

KinT ce3aepi: kopposus,0M0KOppO3Ust,KYOBIP, KOPPO3USITBIK-KayiNTIMUKPOOPTraHU3MIEP

S.A. AITKELDIYEVA, L.G. TATARKINA, A A. KURMANBAYEV, G.B.
BAIMAKHANOVA, A M. NURMUHANBETOVA

Institute of Microbiology and Virology CS MES RK, Almaty

DETERMINATION OF CORROSION-HAZARDOUS MICROFLORA IN
GROUND OF NEAR-PIPE SPACE OF THE “KARAKOIN-SHYMKENT” PIPELINE

Summary

A comparative microbiological analysis of ground samples taken in 6 points along the “Karakoin-
Shymkent” pipeline was carried out to determine the corrosion-hazardous microflora (sulfate-reducing,
denitrifying, iron- and manganese-oxidizing and thiobacteria). In the soil sample taken near the pipe with
insulation coating disturbance (segment No. 2), an increase in the number of denitrifying microorganisms
and Thiobacillus ferrooxidans, members of the genus Thiobacillus, was observed, which may indicate the
beginning of the corrosion processes. The high content of sulfate-reducingand manganese-oxidizing
bacteria in the segment No. 6 was recorded.

Key words: corrosion, biocorrosion, pipeline, corrosion-hazardous microorganisms.

Biocorrosion causes great damage to the national economy, particularly, the oil industry, as
a result of irrecoverable metal losses, premature failure of equipment and communications, as
well as accidental releases of oil and oil products. There are cases of biocorrosion damage of
gasoline pumps, petrol and oil tanks. According to some authors [1, 2], from 50 to 80 % of
pipeline corrosion damage may be due to the microorganism activity. Metal corrosion is most
commonly associated with the activity of sulfate-reducing bacteria (SRB) of genera
Desulfovibrio and Desulfotomasulum that increase the aggressiveness of the ground and
groundwater as a result of H,S production, thiobacteria of the genus Tiobacillus, oxidizing sulfur
and its compounds to sulfuric acid, and iron bacteria of genera Sallionella and Sperotilus,
oxidizing ferrous iron to the ferric form, as well as denitrifying bacteria which as a result of their
vital activity produce CO,, NHs, and organic acids provoking electrochemical corrosion. [3-5].

The aim of this study was to analyze ground samples of near-pipe space of the “Karakoin-
Shymkent” pipeline for the presence of corrosion-hazardous microflora.
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Materials and Methods

Obijects of study were ground samples taken from 6 segments along the oil-trunk pipeline
“Karakoin-Shymkent” in points: 1 — 1,284 km; 2 - 1,554.2 km; 3 — 1,554.7 km; 4 — 1,556.5 km;
5-1,582 km; 6 — 1,617 km. Pipes of the pipeline are made of steel 17G1C. Point samples were
taken using the soil corer in the sample plot along the horizons by the envelope method. The
combined sample was composed by mixing five point samples taken from the same area.

Sulfate-reducing bacteria were isolated on Postgate medium B, denitrifiers - on Guilty
medium, iron- and manganese-oxidizing microorganisms - on Zakharova-Parfionova medium,
Thiobacillus thioparus - on Beijerinck medium, Thiobacillus thiooxidans — on Waxman medium,
Thiobacillus ferrooxidans - on 9K medium [6, 7].

Results and Discussion

As a result of studying selected ground samples, the presence of corrosion-hazardous
groups of microorganisms was established, including denitrifying, thiobacteria, SRB, and iron-
and manganese-oxidizing. The results are shown in the Table.

Sulfate-reducing bacteria cause corrosion in the processes of cathodic depolarization of
iron, which increases its solubility. Significant corrosion (more than 200 g/m? of metal per 2
weeks) may occur when the bacterial count comes to 1,000-10,000 cells/ml, at that a metal
damage caused by SRB have a form of deep lagoons [8, 9]. From the data obtained we can say
that in general, the number of SRB in the investigated samples is estimated by tens. In the
sample 1, sulfate reducers were not found, and in the sample 6 their number made up 9,500 cells
per 1 g of soil.

Table - Quantitative calculation of the corrosion - dangerous microorganisms in the samples soil
from the different segments oil-trunk pipeline “Karakoin-Shymkent”

Group of the | Unit of Quantity of the microorganisms in the different samples soil
micro- measur

organisms ement 1 2 3 4 > 6
Denitrifying (':gﬁ/\é 2,5%102 1,3x10° 2,5%103 2,5%10° 6,010 | 6,0x10°
Thiobacillus MPVEl 5 sxiot 2,5%10" 2,5%10? - 2,5%10" -
thioparus cell/g
Thlobe_xcnlus MPV 2,510 ) 2.5%102 ) ) )
thiooxidans cell/g
Thiobacillus MPV s . .
ferrooxidans cell/g - 2,5x10 2,5x10 - 2,5x10 -
Sulfate- MPV ; 45x100 | 45x10" 4,5%10" 4,5%100 | 9,5x10°
reducing cell/g
Iron-oxidizing | CFU/g | (2,90+0,7) | (1,76+0,56)x | (3,87+2,6) | (1,71+£0.55)x | (2,60+0,7) i

x10° 10° x10° 10° x10°

Manganese- CFU/g | (1,26+0,1) | (6,02+1,0)x1 | (7,95+1,2) | (3,45+0,8)x1 | (7,45+1,2) | (1,15+0,1)
oxidizing x10° 0} x10° 0’ x10" x10*

Corrosive ability of denitrifying microorganisms in a number of cases may be higher than
that of SRB. Significant equipment corrosion occurs when the number of denitrifying bacteria is
from 1,000 to 10,000 cells/mL. More than 330 g/m? of metal may be damaged within 2 weeks
[8]. The obtained results revealed that the most number of denitrifying microorganisms was
recorded in the sample 2 — 13,000 cells per 1 g of soil. And the minimum number (250 cells per
1 g of soil) was observed in the sample 1.

The members of thiobacteria are active agents of microbial metal corrosion. The involvement
of these bacteria consists in the metabolic production of excess of hydrogen ions, i.e. creating acidic
environment [9, 10]. However, the role of thiobacteria as a corrosion factor is not only in the
formation of sulfuric acid, which is an electrolyte. For example, T. ferrooxidans oxidizes ferrous iron
to ferric form, which is very aggressive in relation to metallic structures, since acts as an active
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oxidizing agent [11]. During the studies it was revealed that members of the genus Thiobacillus are
found in minute quantity in all samples except samples 4 and 6. However, in the sample 2 a
significant increase in the cell number of Thiobacillus ferrooxidans up to 250,000 cells per 1 g of soil
was recorded.

Due to the growth of iron bacteria, on the pipe surface the cavities are formed, and thus
differentially aerated cells emerge in which the ventilated areas have a higher potential and function
as a cathode; less aerated areas under the cavity operate as an anode. It is obvious that in the
corrosion activity of iron bacteria of no small importance is their catalase activity and increase in the
corrosion rate owing to metabolic product - hydrogen peroxide [12, 13]. According to the results
given in the Table, it may be said that all the samples contain manganese-oxidizing microorganisms,
and their maximum number (126,000 cells per 1 g of soil) was found in the sample 1. Iron-oxidizing
microorganisms were not identified in the sample 6, in the others their number ranged from 290 per 1
g of soil in the sample 1 to 2,600 per 1g of soil in the sample 5.

Therefore, on the basis of the results obtained, the conclusion can be drawn about increase in
the number of denitrifying microorganisms and Thiobacillus ferrooxidans, members of the genus
Thiobacillus, in the segment No. 2, where the disturbance of the coating integrity was observed.
These data may indicate the beginning of corrosion processes in this area. Also, taking into account
the high levels of SRB and manganese-oxidizing bacteria in the segment No. 6, we could say that
under the arrangement of certain conditions, the feasibility of active corrosion processes is high.
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