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EMISSION AND ACTIVITY OF MICROBIAL CORROSION CENOSI S OF TRANSPORTED WATER
“ASTRAKHAN-MANGYSHLAK” ON THE REGION OF SETTLEMENT  BEYNEU (652 KM)
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By the number and composition of microorganisms wagiven estimation to microbiocenosis of water
in water source of river Kigach and transported waer conduit “Astrakhan-Mangyshlak”, shown dependence
of microorganisms number from seasonal factors andnthropogenic stages. Evaluated saprophytic bactexi
as environmental indicators of water quality on thebasis of one-time comprehensive definition of therat
different points in conduit “Astrakhan-Mangyshlak”, differing from each other by fouling factor and
character of polluting, as well as hydro biologicategime.
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TPAHCIIOPTUPYEMOM BOJIbl <ACTPAXAHb-MAHT BILIJIAK» HA YYACTKE IL.LBEMHEY (652kMm)
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ITo ynC/IEHHOCTH M COCTABY MUKPOOPraHU3MOB JaHA OLEHKAa MUKPOOHOLIEHO3Y BOABI BOAOHCTOYHHKA
p.Kurau u TpaHcmopTHpyeMoii Boabl BOA0BOAa «AcTpaxaHb — MaHIBIILIAK», MOKA3aHA 3aBHCHMOCTD
YUCJIEHHOCTH MUKPOOPTaHU3MOB OT CE30HHBIX (pAKTOPOB M TEXHOTeHHBIX cTaauii. OueHeHbI canpoguTHbIE
0GaKTepuH KaK JKOJIOrMYecKoil MoKa3aTejd KadyecTBa BOAbI HA OCHOBE OJHOMOMEHTHOI0 KOMIIJIEKCHOIO
omnpeesieHUs UX B Pa3JIMYHBIX TOYKAX BOAOBOAA «AcTpaxaH-MaHIbIIIAKY, OTJIMYAIOIIHNXCS APYT OT Apyra
CTeNeHbI0 U XapaKTepoM 3arpsi3HeHHs, a TaKKe T’HAPOOHOIOTHYeCKHM PeKHMOM.

KnroueBble crnoBa: MI/IKp06I/IOHCHO3, Ka4y€CTBO BOJHI, CaHpO(i)I/ITHI)IC 6aKTCpI/II/I.

Nowadays consumers of Volga water are: oil commamial ways stations, gas companies, settlements o
Mangystau and Atyrau regions, situated along thim m@nduit “Astrakhan-Mangyshlak”.

Building of water line was started in 1986. In Dexteer 1987, with implementation into exploitation af
temporary water line capacity of circadian regolatipumping station of second lifting, linear paftthe initial
section up to 499 km, and water treatment facdliiie the village Kulsary was started commenced atjmer of
complex conduit.

Due to demand of consumers (oil-production compgrieere is a need to increase the volume of waterped

from the current 4%°/day thousand to 120 thousamiiday. Natural water from surface sources of Kigelshnnel
in the delta of Volga is supplies to the region dpnduit “Astrakhan-Mangyshlak”. Volume of Volga wed
supplied by conduit is 12,5% of the total consundeieshking water by the population of the region. on@uit
“Astrakhan-Mangyshlak” is on the territory of BeyneMangystau, and Karakiyanoe regions, has totajtle 1100
km. Volga water provides an average of 52,3% of gbpulation of the above areas, including: Beyn&o8
(Beyneu village, Borankul, Zhangeldino, Syngyrl&iset, Tolep). Cleaning up the Volga water for appete
quality, meeting the requirements of state standsaditarian rules and norms "Drinking Water",nplemented by
equipment of "Degremon (France).

The problem of microbial damage is relevant, bubim country it is still not received sufficientexttion.
The seriousness of this problem requires the dpwedmt of new physical and chemical methods for ribats
corrosion damage. Information about role of micobdigical factor in industrial materials damage avalate,
compiled and calculated losses inflicted on ecogomi

Purpose of this investigation — study microbial aga of water, transported through conduit “Aslak-
Mangyshlak”, that are water quality criteria, adlvas micro-organisms involved in the processarfasion inside
the conduit on the area of village Beyneu (652 km).

Materials and Methods of investigations

Total microbial number (TMN) was defined by quantdf colony former in the nutrient medium. The
resulting value is called the general microbial bem For separating bacteria and count total numtiemobial was
used method of filtering through the membrane.
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According to this method of water analysis defirjteantity of water passed through special membvétie
the pore size about 0.45 micrometers. As a relselstirface of membrane has all bacteria found ierwAfter that
membrane with bacteria was put for definite timeneat infusion agar with temperature 3037
During this period called incubation, bacteria abde to multiply and form clearly distinguishablelanies, which
are easy to count.

Determination of iron bacteria. Direct microscogyiron bacteria, concentrated on the filter membraa
one of the most simple and rapid methods for asspshe qualitative composition and concentratidniron
bacteria in natural and drinking waters, sedimemntd fouling of water supplies. For this purposesduboiled
filtration membranes "Vladipor" of marks MFA-M&e 5, 6, 7 and 8 / 1.

Volume of investigate sample depended on the cdrat@n of its iron bacteria and other suspensibra (
1000 cm3).

After finishing filtrating, membrane was dewatewrat signed. If necessary, we colored iron baxtdiembranes
in whole or in separate segments were mountedglasa slide. For clearing membrane was used ligefcblatum.
After that was microscopy of iron bacteria.

To excretion sulfate-reducing bacteria was usedienit medium of Postgate B, containing as carbon
sources of energy and carbon, calcium lactate aadtyextract. The growth of bacteria was carriedimsealed
vials, at a ratio of medium and gas phase is 12.th gas phase was used argon or a mixture ofcoiate
hydrogen - 95% and SO - 5% (19:1).

The growth of bacteria estimated by increasing tjtyaaf protein and hydrogen sulfide samples takén
the initial point of cultivation bacteria servedamtrol.

In order to allocate ray fungus seeding was caroigdon Casein and amylaceous medium. Crops were
incubated at 32 ° C in an incubator. Was carriedaodifferential count of colony forming units nuer(CFU) of
actinomycetes. For this purpose used an opticalasiope.

Results of investigations

The problem of quality water supply to populatienpiarticularly acute in relation with contaminatioh
water sources, deterioration of sanitary and epidegical situation, absence in some cases, waigplg systems.
The quality of water used by population for drinkimnd household needs is characterized by orgaiwlep
characteristics, chemical composition and the atessehdisease and the number of saprophytic migesosms.

The quality of water supplied to the populatiorténms of microbiological indicators in the wholegien
by the share of contaminated samples was 2.5%rdingao chemical indicators was 27,3%.

As a criterion for bacteriological contaminatioruat the total number of colony forming bacterialiml
of water. The total bacterial count normalized @C5U (Sanitarian rules and norms).

We investigated total number of microbial cellsliml of water transported to the area of villageyiau
(652 km). As seen on the picture 1 and table &) tofcrobial number in t winter period reaches 4o03cells / ml.
Such small quantity of microorganisms is apparemtlye to the fact that the negative average mondily
temperature observed, mainly in December and Fepinanorthern regions in November-March, the fifrststs
often begins in October, the last in April. The &st/temperature observed during the second hdlimiary, when
the column of thermometer drops to 25-30 °C.

Table 1. Content microorganisms of transported miatthe area of village Beyneu (652 km).

Season of the year
Types of microorganisms Winter Spring | Summer | Autumn
Quantity of microorganisms, cells / ml
Total number of microorganisms 34 1624 174 53
Iron oxidizing bacteria 102 104 103 102
Sulfate-reducing bacterium 105 106 105 102
Microscopic fungi 0 83,5 610 118
Actinomycetes 0 295 400 53

Average temperature in January ranges from 2,0-8id the west and south-west to 8,1-12,80 °Chén t
north and north-east (Duken, Sam), area is chaiaeteby winter thaw, ice and snowstorms.
Spring in this regions comes fast, continues onatm@arch — on the south and April on the norfje to this
fact the high microbial number is observed durimg $pring season. The total bacterial number sttitime is up to
1624 cells / ml, indicating that the overall baitegical contamination of water supplies and altbet probability
of presence pathogenic microorganisms (Pic.1)



Total number of water microorganisms of conduit “Astrakhan-
Mangyshlak” on the region of settlement Beyneu (652 km)
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Picture 1

Climate of Beyneu village is sharply continentddaacterized by hot and dry summer. Maximum average
monthly temperature of air is in July (23,3-28,80; in this month in some days is fixed the hot{d8:470 C). In
this context, probably in the summer season thebeurof total microbial number sharply decreasethéolevel of
174 cells / ml. Autumn is characterized by shoansitional seasons. Also by low air humidity andlight, but
highly variable number of outliers in different foets of precipitation, as well as greater stabitifywind and high
solar radiation.

Average annual air temperature on the territorthefregion changes from 9,7 till 12,50.n this period
of year quantity of total microbial number in watdrconduit “Astrakhan-Mangyshlak” on the regionsafttlement
Beyneu is 53,0 cells /ml (pic.1).

Also, we studied the bacteria involved in corrosmmcesses and the processes occurring under ftberice of
microorganisms life activity, which differ in widgread occurrence and diversity of conditions andrenments in
which they occur. Pathogens are aerobic corrosimmé and iron bacteria.

Among lithotrophic bacteria most commonly associatdgth metal corrosion activity: sulfate-reducingdteria
(SRB) sort of Desulfovibrio and Desulfotomasulund dhiobacteria sort of Tiobacillus, oxidizing sulfand sulfur
compounds to sulfuric acid, iron bacteria of Sakiba and Sperotilus, oxidizing soar iron to ferds seen from
table 1, quantity of iron oxidizing bacteria in wén period of the year is 102 cells /ml. This

This figure in the spring increases twice larged #meir number reaches to 104 cells / ml. In Suminer
observed slump of their number to 103 cells / ml,Autumn number of iron oxidizing bacteria reactibe
minimum number - 102 cells / ml (pic. 2).

As a result of life activity of thiobacteria aggses corrosive environment created by the accunaulaif
sulfuric acid - the end products of their metabolisThus, the type of aggressive environment, whias the
corrosion process can be biocorrision. In this @agdation of iron (ll), catalyzed iron oxidizingabteria proceeds
by the formula: 4Fe2++02+6H20=4FeO(OH)+8H+.

The resulting goethite FeO (OH) covers the wallavafer line as a characteristic yellow-orange ptaqu

As we know, the restoration of microorganisms catgdy or partially oxidized sulfur compounds of the
mineral sulfur in anaerobic conditions due to tikiation of organic substance or hydrogen calledrotiial sulfate
reduction.

Sulfate-reducing bacteria can cause corrosion dalnmilvert structures of conduit. As a result i |
activity of sulfate-reducing bacteria is formed fygen sulfide - a toxic substance and a strongcatedt, the
oxidation of which in water and silt deposits oxyges absorbed, and in stagnation conditions arelymed
anaerobic zone. This leads to depression of befahita.

Purpose of the next investigation is to determinmiper of sulfate-reducing microorganisms in theewat
conduit “Astrakhan-Mangyshlak” on the region oftleshent Beyneu (652 km), participated in the cdmosf
conduit.

It should be noted that the sulfate-reducing bé&cter sufficient quantities found in all taken wasamples. Their
number in winter is up to 105 cells/ml. This figunespring rises to one rate higher - 106 cellsfult in summer
there is gradual reduction of their number to 18fsd ml and in autumn decreases to 102 cells(pml2).



The content of the iron in the water conduit "Aktran-Mangyshlak" on the site
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Picture 2

Thus, the main causative agents of anaerobic dorras sulfate-reducing bacteria are sulfate-redgci
bacteria responsible for the reduction of sulfatelsydrogen sulfide and related to the sort of Ifesumaculum.

A number of aquatic microscopic fungi are an esakmbmponent of fouling surface and submarine
building, causing biodegradation of different mestist

Due to this fact we considered it necessary to @&m number of aquatic microscopic fungi livingtlre

water conduit “Astrakhan-Mangyshlak” on the regminsettlement Beyneu (652 km). As far as we knompag
the fungi that live in aquatic ecosystems, them t@avo large categories: permanent inhabitants ef auatic
environment and immigrants appearing in ponds paradly, with confined to specific seasons or withd.

Fungi of the first group (zoospore, aquatic hyphoetgs) the whole life cycle is carried out in thatev
and plays a significant role in the trophic netwofkvater reservoirs. Fungi of the second grougrifienous - not
homogeneous in their adaptation to survival inafeatic environment, some of them are inactive $mlisappears
with time, and active.

As seen from pic.4 and table 1, microscopic fumgiwinter period are missing. However, in the sprin
their number reaches to the maximum (83.5 cellsl)/ hen, in summer and autumn period, the number o
microscopic fungi is reduced to 3,5 and 4.5 cellsfespectively.

The content of sulfate-reducing bacteriain the water conduit
“Astrakhan-Mangyshlak” on the region of settlement Beyneu (652 km)
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Picture 3
Thus, the action of microorganisms on metals canlifferent. First of all, the corrosion of metalanc
cause aggressive exometabolites of microorganismiseral and organic acids and foundations, ferpetot They
create a corrosive environment in which in the @nes of water, corrosion occurs by the usual lafvs o
electrochemistry. Colonies of microorganisms caata nodes and pellicle of the mycelium or mucuthermetal
surface, to which may develop peptic ulcer (piftingrrosion due to the difference in electricalgmdial in different
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parts of the metal surface and the assimilatiomefal ions by the microorganisms. Biological coiwasof metals
can cause different kinds of microscopic fungi.

In the water conduit “Astrakhan-Mangyshlak” wittetparticipation of microorganisms there are coristan
processes of destruction organic substance of latliogic and allochthonic origin. In the result @anéinuously
supported processes of bioproducts, there is angptself-cleaning of water in conduit.

Participation of each physiological group of miamanisms and each bacteria is inseparable from each
other and and proceeds in the complex.

For better understanding the structure and functgrof the microbial community in conduit, it is
necessary to investigate the role of its individuambers. In this connection it is undoubted irgete investigate
the biology and ecology of actinomycetes inhabitimg waters of conduit “Astrakhan-Mangyshlak”.

The purpose of this investigation was separatiath @efinition number of actinomycetes from water in
conduit “Astrakhan-Mangyshlak”.

The received data during investigation of actinoetgs in the water conduit are shown in the pictuead table 1.
The results of investigations show  that actinomgset were missing in winter.

The content of microscopic fungi in the water conduit of “Astrakhan-
Mangyshlak” on the region of settlement Beyneu (652 km)
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Picture 4

With the coming of spring, the number of actinontgsencreases dramatically and reached to 2959/cel
ml, while in summer their number increased to 4@@ils / ml. In the autumn period, the number direenycetes
in water decreased to 53.0 cells / ml (Table 1tuPec5).

The content of actinomycetes in water conduit “Astrakhan-
Mangyshlak” on the region of settlement Beyneu (652 km)
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Picture 5
Thus, we observe that for the growth and developnodénactinomycetes temperature factor is very

important.
With coming of spring and summer population of rathycetes adequately increased.
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Word corrosion is come from Latioorrodere, that means — corrode. Corrosion caused by oxidati
reduction reactions in which metal is a resultrd&raction with any substance from its environnestomes an
unwanted connection. One of the most famous obs@n processes is the rusting of iron.

Object for the next investigation was metallic ptabf mark ST, which were subjected to corrosioarin
environment with an association of sulfate-redu@nd iron oxidizing bacteria.

We should form a representation of biological csiwa in terms of redox processes; show the impoetan
of biocorrosion for the national economy, and ttalkksh a causal connection between the structutlepaoperties
of metals.

For this purpose, iron steel plate ST-4 was put iwater environment supplemented with cultures of
sulfate-reducing bacteria and iron bacteria.

The experiment was performed in three variantsphate was not subject to processing (controb pate
was subject to processing in the environment withibacteria; C - plate was subject to processinghia
environment with microorganisms. In the pictureré shown the final results after eight-week proicgssf steel
plates.

Pitting

A B C
Picture 6.

As we can see from picture 6, the corrosion of mmataused by sulfate-reducing and iron bacteriititabit the
water conduit "Astrakhan-Mangyshlak” on the regafnsettlement Beyneu (652 km) is continuous andlloAt
pic.5 B we can observe continuous corrosion, wigchot particular threat to structures, especiallgases where
the loss of metals do not exceed the technicakbgthanorms. Its effects can be relatively easilysmared.

On the pic.6 C is clearly seen spot (point) coopsiwhich represents a significant threat, althotighmetal loss
here can be small. Pitting is one of the most damgetypes of local corrosion. It is the formatimincross-cutting
lesions that is in the formation of cavities pcitihe so-called pittings. As it shown on the pi€,docal corrosion is
favorable for the sulfate-reducing and iron baetefihe danger of local corrosion is consistinghiait reducing the
strength of individual parts; it dramatically re@gche reliability of the water conduit.

So, microbiological corrosion can be different: doethe direct effects of metabolic products of marganisms
(CO2, H2S, NHS3, organic and inorganic acids) oel€8T-4); through the formation of organic prodyecting as
a depolarizer or catalysts of corrosion reactiassyell as same subject, when corrosion reactiena aeparate part
of the metabolic cycle of bacteria.
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