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INFLUENCE OF BIOCIDES ON GROWTH AND DEVELOPMENT
OF CORROSIVE-DANGEROUS MICROFLORA

Abstract. The problem of protection of buildings and constructions from aggressive chemical and biological
impacts of the environment becomes very urgent now. Microbiological corrosion is the important factor influencing
reliability and durability of steel concrete designs. In this connection, the problem of protecting building construc-
tions and structures from aggressive biological influences is of great urgency. The aim of the research was to study
the effect of biocides based on copolymers and copper sulfate on the development of corrosive microorganisms. It
has been established that copper sulfate possessed the least effective inhibitory effect on thione and sulfate-reducing
bacteria (SRB). When it was added, the growth of the investigated bacteria was suppressed at a concentration of 1%.
Copolymers with different mole composition were more active. Their effect on the inhibition of thiobacteria and
SRB occurred at concentrations of 0.1-0.5%. The most sensitive to their effects were 7. ferrooxidans and SRB. On
heterotrophic bacteria and fungi, the compounds tested had a bactericidal effect only at a concentration of 1%.
Copper sulfate was more effective with respect to micromycetes and yeast, while inhibition of their growth occurred
at concentrations of 1% and 0.5%, respectively.

Keywords: biocorrosion, corrosive-dangerous microorganisms, thione and sulfate-reducing bacteria, hetero-
trophic microorganisms, biocides.

Introduction. Biological corrosion are the processes of damage to metals, metal structures and other
building materials caused by the products of vital activity of living organisms that settle on the surface of
building structures. Significant role in biocorrosion is played by such microscopic organisms as bacteria
and microscopic fungi, for the development and reproduction of which under certain conditions of
operation of buildings and structures a favorable environment is created [1].

Information on the role of the microbiological factor in the corrosion of metals and other materials is
accumulated every year, generalized, and losses are calculated for the economy. Numerous species of
microbial corrosion testifies to the unusually wide spread of this phenomenon in various spheres of human
activity [2-5]. The activity of microorganisms, according to several authors, can be caused by 50 to 80%
of corrosion damage [6-9].

Microbiological corrosion can proceed independently and accompany electrochemical, soil,
atmospheric and other types of corrosion of metals. The action of microorganisms on metals can occur
differently. First of all, corrosive metabolites of microorganisms can cause corrosion: mineral and organic
acids and bases, enzymes and others. They create a corrosive medium in which corrosion occurs in the
presence of water according to the usual laws of electrochemistry. Colonies of microorganisms can create
on the surface of metals growths and films of mycelium or mucus, under which ulcerative (pitting)
corrosion can develop [10-13].

The problem of protecting building constructions, buildings and structures from aggressive chemical
and biological influences of the environment is of great importance. In public buildings and structures, in
particular in subways, in areas with high humidity and certain climatic conditions, microbiological
corrosion becomes an important factor affecting the reliability and durability of structures made of metal,
concrete and reinforced concrete.
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To protect reinforced concrete structures from biological corrosion, an effective and basic method is
surface treatment with bactericidal agents. These include synthetic biocides, as well as substances
containing metal ions that penetrate into the cells inhibit respiratory chain enzymes and disrupt oxidative
phosphorylation processes, resulting in the cell killing. In addition, with their action, cytoplasmic proteins
can be coagulated [14-16].

The purpose of this work is to study the effect of biocides based on copolymers and copper sulfate on
the development of corrosive-dangerous microorganisms.

Materials and methods. The bactericidal properties of copper sulfate and N, N-dimethyl-N,
N-diallyl ammonium chloride copolymers (DMDAAC) with N, N-dimethylacrylamide (DMAA) with
respect to thiobacteria and SRB, as well as heterotrophic microorganisms have been studied. Copolymers
were synthesized and provided by Doctor of Chemistry, associate professor of JSC “Kazakh-British
Technical University” K.Zh. Abdiyev.

For cultivation of Thiobacillusthioparus bacteria, the Bayerink’s medium were used, Thiobacillus-
thiooxidans — Waxman’s medium, Thiobacillusferrooxidans — medium 9K, Thiobacillusdenitrificans —
Baalsrud’s medium. Sulfate-reducing bacteria (SRB) were grown on Postgate's medium [17]. To study the
effect of biocides on the development of these bacteria, they were cultured on appropriate selective media
into which the biocides investigated were added in various concentrations: 0.01-1.0%. Their impact was
assessed by the presence or absence of growth of microorganisms.

The effect of biocides on the growth of heterotrophic bacteria, fungi and yeast was verified by
diffusion into agar from wells on solid nutrient media (nutrient agar, potato-dextrose agar and glucose-
peptone agar) at concentrations of 0.01-1%. Their effect was judged by the zones of suppression of the
growth of these microorganisms.

Research results and discussion. Thionic and sulfate-reducing bacteria, as well as heterotrophic
microorganisms, were isolated from the damaged sites of reinforced concrete structures. The bactericidal
properties of copper sulfate and N, N-dimethyl-N, N-diallyl ammonium chloride copolymers (DMDAAC)
with N, N-dimethylacrylamide (DMAA) with respect to isolated microflora. Copolymers with different
mole composition were used:

1) DMDAAC :DMAA —95:5 (B1)

2) DMDAAC :DMAA —80:20 (B2)

3) DMDAAC :DMAA - 75:25 (B3).

The results of the study showed that the development of Thiobacillusthiooxidans bacteria was noted
at concentrations of synthetic biocides and copper sulfate 0.01-0.5%, higher concentration of 1% inhibited
the growth of these bacteria (Table 1).

Table 1 — Influence of the biocides under study on bacterial growth T. thiooxidans

o Concentration of biocides, %

Biocides
0,01 0,05 0,1 0,5 1,0

Bl + + + + -
B2 + + + + -
B3 + + + + -
CuSO, + + + + -

Note. «+» - marked growth, «—» - growth is absent.

The development of 7. ferrooxidans was inhibited even at lower concentrations of the test com-
pounds. Thus, under the influence of copolymers B1, B2 and B3, their growth was not observed at con-
centration of 0.1% (Table 2). When biocide B3 was used at concentration of 0.05%, a slight growth of
these bacteria was noted. Less effective was copper sulfate, which inhibited their growth at concentration
of 1%.

For bacteria T. thioparus and T. denitrificans, inhibition of growth occurred at concentration of
synthetic compounds of 0.5%. CuSO, suppressed the growth of these bacteria at concentration of 1%
(Table 3, 4).
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Table 2 — Influence of the biocides under study on bacterial growth 7. ferrooxidans

Biocides Concentration of biocides, %
0,01 0,05 0,1 0,5 1,0
Bl + + _ _ _
B2 + + _ _ _
B3 + + - - -
CuSO, + + + + -
Note. «+» - marked growth, «—» - growth is absent.
Table 3 — Influence of biocides under study on bacterial growth T. thioparus
Biocides Concentration of biocides, %
0,01 0,05 0,1 0,5 1,0
B1 + + - _
B2 + + + — -
B3 + + + - _
CuSO, + + + + -
Note. «+» - marked growth, «—» - growth is absent.
Table 4 — Influence of biocides under study on bacterial growth 7. denitrificans
Biocides Concentration of biocides, %
0,01 0,05 0,1 0,5 1,0
B1 + + - _
B2 + + + _ —
B3 + + + - _
CuSO, + + + + -
Note. «+» - marked growth, «—» - growth is absent.

SRB reacted to the addition of copolymers of DMDAAC and DMAA starting at concentration of
0.1%. Copper sulfate inhibited the growth of bacteria, starting at concentration of 0.5% (Table 5).

Table 5 — Effect of biocides under study on the growth of sulfate-reducing bacteria

o Concentration of biocides, %

Biocides
0,01 0,05 0,1 0,5 1,0

Bl + + - - -
B2 + + - - -
B3 + + - - -
CuSO, + + + - -

Note. «+» - marked growth, «—» - growth is absent.

The study of the effect of biocides on the heterotrophic microflora showed that at concentration of
0.01-0.5% they did not exert an inhibitory effect on bacteria and fungi. Their effect on the growth of

microorganisms occurred at concentration of 1% (Table 6, 7).

—— 4 ——
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Table 6 — Influence of biocides under study on the growth of heterotrophic bacteria

Culture Zones of growth suppression under the action of biocides, mm
B1 B2 B3 CuSO,
A2-1 14,7+0,6 14,3+0,6 - 12,7+0,6
A2-2 14,3+0,6 14,7+0,6 - 14,3+0,6
A2-4 15,3%1,5 15,3%0,6 - 15,342,1
A2-6 14,0£1,0 15,741,2 - 16,0+1,0
AS5-1 13,7+0,6 16,0+0,6 11,040 14,3+0,6
A5-2 16,0+5,2 17,040 11,040 73+1,2
A5-3 13,7+0,6 17,0+0 11,3+0,6 15,3+0,6
G2-1 15,0+0 16,3+0,6 12,3+0,6 17,3+0,6
G2-2 14,7+0,6 16,7+0,6 13,3+1,5 18,0+1,0
G2-3 7,740,6 17,0+1,0 11,340,6 16,7+0,6
G2-6 14,740,6 15,7+0,6 - 16,0+1,0
G2-7 15,3+1,5 14,7+0,6 - 14,0+£1,0
G5-1 13,7+0,6 15,7+0,6 11,040 17,7+0,6
G5-2 13,7+0,6 14,3+0,6 - 13,3412
Note. Significance level p<0,05.

It can be seen from the table that under the influence of biocide B1, the areas of inhibition of
bacterial growth were 7.7-16.0 mm. The G2-3 culture was less sensitive to this compound. Biocide B2
also affected all the bacterial cultures under study, while the clarification zones were 14.3-17.0 mm. B3
was less effective among synthetic biocides, using which growth inhibition zones were observed only in
seven cultures and amounted to 11.0-13.3 mm.

All investigated bacteria reacted on CuSO,. The largest zone of enlightenment was noted in the G2-2
culture, which was 18 mm. The culture A5-2 was less sensitive to the action of copper sulfate (7.3 mm).

Virtually the same effect studied biocides had on funfi. Under the influence of biocides B1 and B2,
the areas of suppression of fungal growth were 14.3-18.3 mm. The culture Penicilliumchrysogenum
17GM was the most sensitive to these compounds. The growth of this culture was also suppressed by
biocide B3, whereas it did not exert a depressing effect on other cultures of fungi. The culture Aspergillus
sp. 1GM was resistant to the influence of copolymers.

Table 7 — Influence of biocides under investigation on the growth of mycelial fungi

Culture Zones of growth suppression under the action of biocides, mm
Bl B2 B3 CuSOq4

1GM - - - 21,3412
2GM 14,3406 15,742,1 - 22,740,6
SGM 15,0+0,1 15,3£2,5 - 15,0+1,7
10GM 14,642,1 14,7412 - 16,3%1,5
11GM 14,3+0,6 16,1+1,5 - 14,5+0,6
14GM 15,742,1 16,4+0,6 - 27,0+1,7
17GM 18,342,5 17,6+1,2 8,3£1,5 26,742,9

Note. Significance level p<0,05.

1% solution of copper sulfate suppressed the growth of all fungi studied. The largest enlightenment
zones were recorded for 14GM and 17GM cultures, which were 27 mm and 26.7 mm, respectively. The
strains 11GM, 8GM and 10GM were less sensitive to the action of copper sulfate.
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Yeasts were more sensitive to the action of the test compounds. Thus, the biocides B1 and B2 had a
depressing effect on them already at a concentration of 0.1% (Table 8). With increasing concentration the
zone of bleaching on solid nutrient media increased. The culture Exophiala sp. 6gA was more stable.

Table 8 — Effect of biocides under study on yeast growth

L Concentration Zones of growth suppression, mm
Biocides o, ’
1gA SgA 6gA
0,1 11,3+0,6 10,7+0,6 -
Bl 0,5 15,3+1,5 15,7+1,2 11,7+1,5
1,0 16,00 16,0£1,0 13,3+0,6
0,1 13,30,6 11,7+0,6 10,7+1,2
B2 0,5 15,340,6 12,342,1 11,0+1,0
1,0 16,7+0,6 17,342,1 14,0+3,5
0,1 - - -
B3 0,5 - - -
1,0 - - -
0,1 - - -
CuSO, 0,5 8,3£1,2 10,7+2,5 -
1,0 31,7+1,5 23,042,6 19,7+1,5
Note. Significance level p<0,05.

Copolymer B3 did not suppress the development of the yeast cultures studied. Copper sulfate began
to affect the growth of yeast 1gA and 5gA at a concentration of 0.5%. An increase in the concentration of
up to 1% led to a significant increase in the bleaching zones. The strain Erythrobasidium clade sp. 1gA
was more sensitive.

Conclusions. Thus, the conducted studies showed that copper sulfate possessed the lowest bacte-
ricidal action with respect to thionic and sulfate-reducing bacteria. When it was added, the growth of the
studied bacteria was suppressed at a concentration of 1%, and only for SRB, their development was not
observed at a lower concentration of 0.5%. The copolymers of N, N-dimethyl-N, N-diallyl ammonium
chloride (DMDAAC) and N, N-dimethylacrylamide (DMAA) with different mole composition exhibited
a more active effect. Their effect on the inhibition of thionic and sulfate-reducing bacteria occurred at
concentrations of 0.1-0.5%. T. ferrooxidans and SRB were the most sensitive to their effects.

On heterotrophic bacteria and fungi, the compounds tested had a bactericidal effect only at a
concentration of 1%. Biocides B1 and B2 had approximately the same activity, while copolymer B3 sup-
pressed the growth of only 7 bacterial cultures and 1 fungus culture. Copolymers B1 and B2 inhibited the
development of yeast starting at a concentration of 0.1%. Biocide B3 did not exert a suppressive effect on
all yeasts. Copper sulfate was more effective with respect to fungi and yeast, while inhibition of their
growth occurred at concentrations of 1% and 0.5%, respectively.

Source of research funding. Ministry of Education and Science of the Republic of Kazakhstan
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KP BfM FK «MukpoOunosorus oHe BUPYCOJIOTHS HHCTUTYTE, Anmatsl, Kasakcran

KOPPO3UAJIBIK-KAYIITI MUKPO®JIOPAHBIH
OCIII-OHYI MEH JAMYBIHA BUOIIMATEPAIH 9CEPI

Annoranust. Ka3ipri Tana FumMaparTap MEH KYPbUIBICTap bl KOpIIaFaH OPTaHbIH arpecCUBTI XUMUSUTBIK KOHE
OMOJIOTHSIIBIK 9CEPIHEH KOpFay Maceleci oTe ©3eKTi 0okl Keleni. MUKpOOHONOTHSIIBIK KOPPO3Hs TeMipOeToH
KOHCTPYKIUMSUIAPBIHBIH CEHIMJIUIIIT MEH y3aK Mep3iMAUIIriHe BIKIAJl €TeTiH MaHbI3Abl (hakTop 00BN TaObLIAbI.
OcbIFal 0aiiylaHbICTBI, KYPBUIBICTAP KOHCTPYKLMUSCHI MEH FUMapaTTap/ bl arpecCHBTI OHOJIOTHSUIBIK SCEpACH KOpFay
Mocelieci Te ©3eKTi. 3epTTeyaiH MaKCaThl KOPPO3USIBIK-KAYIlTI MUKPOOPTaHU3MACPIiH AaMyblHA COMOJIMMEpIICD
MEH MbIC CyJb(aTTapbIHbIH HEri3iHIer1 OHOLMATEPIIH dCcepiH 3epTTey 00l TadbLIa bl. MBIC Cynb(aThl THOH/IBI
KoHe cynbdarpenyuupieyii Oakrepusiapasl (CPB) azaiityra Kapchl eH a3 THIMII MHTMOUTODJIBIK OpPEKETKE He
SKEHJIIr aHBIKTAIABL. 1% KOHIICHTpAIMs KOCBUIFaH Ke3/e 3ePTTEIreH OaKTepUsUIapIbIH OCyi Oasynaabl. OpTypii
MOJISIPJIBIK, KypaMIbl COMOJMMEpJIEp aHarypibiM OenceHninik kepcerti. Onapapiy CPB jkoHe THOHIBI OakTepwsi-
napjsl Oasynaty acepi 0,1-0,5% koHIEHTpausChiHaa OpbiH amabl. OnapabiH ocepine eH cesimran 1. ferrooxidans
xoHe CPB Gonppl. ['ereporpodThl OakTepusuiap MeH JKIMIIYMaKThl CaHbIPAYKYJIaKTap/ia ChIHAIFaH KOCBUIBICTAP TEK
1% xoHIeHTpanusaa OAKTEPUITUATIK dcepre ue 00ibl. MbIC Cynb(aThl MUKPOMHUIIETTEP MEH alllbITKbUIAPFa KaThIC-
TBI THIMI1 OOJIFaHBIMEH, OJIApABbIH 6CcyiHiH Oasynaysl Tuicinme 1% >xoHe 0,5% KOHIEHTpalus Ke3iHae OanKanpl.

Tyiiin ce3aep: OMOKOPPO3HsI, KOPPOIUSUIBIK-KAYINTI MUKPOOPTaHU3M/IEP, THOHIBI J)KOHE CYJIb(aTperynupiey-
111 6akTepusiap, rerepoTpoPThl MUKPOOPTaHU3MIEP, OHoLUATED.
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PI'TI «MuaCcTHTYT MUKpOOHONoruu u Bupycoiorun» KH MOH PK, Anmvatsl, Kazaxcran

BJIMAAHUE BUOILINJ10OB HA POCT
M PA3BUTHUE KOPPO3MOHHO-ONMACHOM MUKPO®JIOPHI

Annotanus. [IpoGnema 3ammTel 371aHUH U COOPY)KEHHH OT arpecCHUBHBIX XMMHUYECKHX M OMOJOTHYECKUX
BO3/ICICTBUI OKpy»Karollel cpenbl B HAcTOsIIEe BpeMs CTAaHOBUTCS BEChbMa aKTyaJdbHOW. MuKpoOHoioruueckas
KOppO3Usl SIBJISICTCS BaXXHBIM (DaKTOPOM, BIMSIOIIMM Ha HaJeKHOCTb M JIOJTOBEYHOCThH JKENIE300€TOHHBIX KOH-
CTpYKLHMHA. B cBs3M ¢ 3TUM OOMBIIYIO aKTYaJIbHOCTD MPEACTABISAET MIPpobIeMa 3alUThl CTPOUTEIBHBIX KOHCTPYKIIUH
WU COOPY)KECHHH OT arpecCHBHBIX OHMOJIOTMUECKHX BO3IcHCTBHMA. llenbio mcciaenoBaHui OBLIIO M3YUYCHHE BIIHSTHHS
O6MonMIOB HAa OCHOBE COIOJIMMEPOB M MEJHOTO KyIOpoca Ha Pa3BHTHE KOPPO3HOHHO-OMACHBIX MHUKPOOPIaHM3MOB.
VYcraHoBI€HO, 4TO HauMeHee 3P (EeKTHBHBIM MHIHOUPYIOIUM ASHCTBHEM II0 OTHOIICHUIO K THOHOBBIM U cyib(a-
TpenyuupytomuM 6axreprsiM (CPB) o6magan menusit kymopoc. [Tpu ero mo6aBieHnN poCT UCCIIEAYEMBIX OaKTepHid
MOJABIUICS TpH KoHUeHTpanuu 1%. Bonee akThBHOE NEHCTBHME MPOSIBISUIM COMOJMMEPBI C Pa3HBIM MOJbHBIM
cocTaBoM. Mx Bo3neicTBHE 10 MHrMOMPOBaHHIO THOHOBBIX Oaktepuil 1 CPB mpoucxonuno mpu KOHIEHTpauusix
0,1-0,5%. CaMbIMu 4YyBCTBHUTENBHBIMH K HMX Bo3aeictButo Obuin 1. ferrooxidans m CPB. Ha rereporpodmbie
OakTepuy M MHIETHaJIbHbIE I'PUOBI HCCIIEyeMble COSIMHEHMs] OKa3blBaIN OaKTEPUIMIHOE JEHCTBHE TOJBKO IPH
KoHUeHTpauuu 1%. Mennsiit Kyrnopoc 6611 60siee 3¢pheKTHBEH MO OTHOLIEHHIO K MUKPOMHIIETAM H JIPO3OKaM, MpH
5TOM MHrHOMpPOBaHKE X POCTA MPOUCXOIMIIO TP KOHLEHTparuax 1% u 0,5% cooTBeTCTBEHHO.

KiroueBble cioBa: OMOKOPPO3Hs, KOPPO3NOHHO-OIACHBIE MHUKPOOPTaHU3MBI, THOHOBBIE U CyIb(aTpeayLy-
pyrome OakTepun, TeTepoTPO(HBIE MUKPOOPTaHIU3MBI, OHOIIUIEI.
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