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NMPUMEHEHMUE YJIbTPA3BYKOBbIX BOJIH U
HAHOMNY3bIPbKOB AJI1 AESAKTUBALIUA
ESCHERICHIA COLI B UE

Obpabomka una 6 OMUCMHBIX COOPYICCHUSX — OOHA U3 CAMbIX CAOICHBIX NPOOAEM KAK C MEXHUYECKOU, MaK U OpeaHu3a-
YUOHHOU mouek 3penus. Bajcnoil cmadueil seasemcs 0e3uH@eKyus 8 ce53U ¢ NOBblUCHUEM CIAHOAPMO8 30pasooXpaHeHuUs
u pacmyuieil 03a004eHHOCMU 3aeps3HeHUeM 800HbIX pecypcos. Xumuueckue memodst 0e3uH@eKyuu, maKue, KaK X10pupo-
8aHUe U 030HUPOBAHUE, HACMO He S8ASHOMCS IKON0UMECKU npuemMaembimu (eciedcmeaue 00pas08anus HEKOMOoPbIX Hexcena-
MeAbHbIX NOOOUHBIX NPOOYKMO08, KaK, HANpumep, mpuealomemanos), n03momy Heooxooumbl aibmepHamueHvle memoosl oe-
sunghexyuu. Taxum o6pazom, 3adaueii 3Mo2o uccare008anus 1643emcs onpedeeHue 6AUSHUSL YAbMpa3eyK08biX G0AH C HU3-
KOUL OAUHOLL 80HbL U 8bICOKUM YPOBHEM IHepeuU Ha nogvluienue ckopocmu ydanenus Escherichia coli uz unra u onpedenenus
ONMUMANbHBIX PAbOYUX NAPAMEMPOB YAbMPA38YK08020 Memooa. B amoil pabome nepemeHHbIMU NApaMempamu Obiay nAOM -
Hocmb yabmpaseykoeoeo oonyuenus (0,375; 0,75; 1; 1,3 u 2,5) Bm na 1 cm’® u epemsa (1; 5; 10; 15 u 30) mun. Kpome mo-
20, UCCNeD08AHO 6AUAHUE IMUX NepeMeHHbIX Ha deakmueayuio E. coli 6 une. Pe3yavmamol nokasanu cyulecmeeHHulil pocm
ckopocmu ymeHbvuleHus: koautecmea oaxmepuil E. coli npu yeeauuenuu naommocmu yaompazeyko6oeo oonyuenus om 0,375
00 2,5 Bm/cym’. Takxce nodobmuiii pocm ckopocmu ymenvuienus Koauwecmea 6axkmepuii E. coli nabaodancsa npu yeeauuenuu
npoooadcUmenbHoCmU YAbmpaseyko802o ooayuenus om 1 00 30 mun. IkcnepumeHmansHo yYCmaHo8AeHo, YmMo ONMUMants-
HbIMU padouUMyu napamempamu sA6As0mMes 8pemMs YAbmpaszgykoeoeo ooayuerus 30 Mun, naomHOCMb YAbMPa38yKo802o 00-
ayuenus 2,5 Bm/cm? npu wacmome 20 kl[y. Yposens dezaxmueauuu E. coli 6 smux ycaoeusx cocmaensnn 99,43%, umo 601v-
ue uem 8060¢e npesvluiaem aoeapupmuueckull yposens. Ha ocnose nosyuennvix peayibmamoe coenam 6vl800, 4mo npu Hu3-
KOYACMOMHOM YAbMPA38yKOE0M 00AYHEHUU 8bICOKOU MOUSHOCTNU MOJICHO YOAAUMb NPAKMUYECKU 8CI0 NONYAAUUIO OaKkmepuil
E. coli, dezunghuyuposamo un u noswvicums cKkopocms e2o 0opabomxu.

Karwuesvie caosa: 6akmepuu Escherichia coli, ua, kasumauus, yampaseykosnvie 601Hbl, HAHONY3bIPbKU, 0e3aKMUBALUSL.

BBEJEHME uieyHas najnouka Escherichia coli, s KOTOpOii
KMIIEYHMK YeJI0BeKa U XKMBOTHOrO — HauboJjee

OnHuM u3 Haubosiee OMACHBIX TUIOB OakTe- | pacIpocTpaHeHHas cpena obutanus. Hanuuue
puii, HaxoosAWMXcs B (eKanusax, ABISETCS KU- | KUIIEYHOW MaJlOYKU B BOIE CBUIETEIBCTBYET O
3arpsI3HEHNN CTOYHBIX BOJ WJIM OTXONOB XXKUBOT-
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3ACTOCYBAHHA VJIBTPASBYKOBUX XBUJIb I HAHOBYJILGAILIOK JJIA
NE3AKTUBALIT ESCHERICHIA COLI B MYJII

O0pobKa MyIy B OUMCHUX CIIOPyAaX — OAHA 3 HaWCKJIaAHIIINX Npo0JieM K 3 TeXHIYHOI, TaK i opraHizamiiiHoi

TOYOK 30py. [e3iHdek1lis € cKIaafHUM aclIeKTOM 00poOKM BOAY Yepe3 IIBUIKE MiABUIIEHHS CTaHAaPTiB OXOPOHU
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3I0pOB's Ta 3pOCTalOue 3aHEIMOKOEHHS 11010 3a0pYAHEHUX BOMHUX pecypciB. XiMiuHi MeToau ae3iHdek1iii, Taki, sk
XJIOpYBaHHS$ Ta 030HYBaHHsI, YaCTO HE € €KOJIOTIYHO MPUMHSATHUMMU (Uepe3 yTBOPEHHS IesIKMX HebaxKkaHUX TT00iu-
HUX MPOAYKTIiB, SIK, HAMPUKJIA, TPUraJoMeTaHu), TOMY HEOOXiIHi aJibTepHaTUBHI MeTOoAM Ae3iHdekilii. OTxe 3a-
BIAHHSIM LIbOT'0 JIOCTiI)KEeHHSI € BU3HAYEHHSI BIUIMBY YJIBTPa3ByKOBUX XBUJIb 3 HU3bKOIO JOBXMHOI XBHUJIi Ta BUCO-
KUM piBHEM eHeprii Ha MiIBUIIEHH S BUAKOCTI BuaaieHHs E. coli 3 MyJly Ta BUBHAYEHHSI ONITUMAJIbHUX pOOOYMX
napameTpiB yJIbTpa3ByKoBOro Metony. B naniit po6oTi 3MiHHUMU napaMeTpamMu OyJu TYCTUHA YJIbTPa3ByKOBOTO
onpominenns (0,375; 0,75; 1; 1,3ta2,5) Brua 1 cm?, tavac (1; 5; 10; 15 ta 30) xB. KpiM TOT0, MOCTiI3KEHO BILIUB IIMX
3MiHHMX Ha Ae3aKTuBamiio £. coli B myni. Pe3ynbprat moka3aan icTOTHE 3pOCTaHH S IIBUAKOCTI 3MEHIIIEHH ST KiJlb-
KocTi 6akTepiit E. coli ipu 36iJbIlIEHHI TYCTUHU YIBTPa3ByKOBOTO onipoMiHeHHs Big 0,375 no 2,5 Br/cm?. [TonioHe
3pOCTaHHS CTYIIeHSI 3MEHIIEHHsI KiJIbKOCTi 60akTepiil E. coli cmocTepiraioch mpu 30iJIbIICHHI yIBTPa3ByKOBOIO
ornpoMiHeHHs Bif 1 mo 30 xB. EkcneprMeHTaIbHO BU3HAUEHO, 1110 ONITUMAJbHUMU POOOYMMHU MapaMeTpaMu € 4ac
YIBTPa3BYyKOBOTO ompoMiHeHHsI 30 XBMJIMH, T'YCTHMHA YJIbTPa3BYKOBOTO OompoMiHeHHs 2,5 Br/cm® mpu uacrori
20 xI'u. PiBeHns ae3aktuBaii E. coli B X yMoBax cTaHOBUB 99,43%, 1110 OiJbllie HiX BABIYi MepeBUILYE Jorapud-
MiYHUU piBeHb. Ha 0CHOBiI OTpuMaHUX pe3yJbTaTiB 3p00JEeHO BUCHOBOK, 110 P HU3bKOYACTOTHOMY YJbTPa3By-
KOBOMY ONIPOMiHEHH1 BUCOKOI MOTYXXHOCTi MOXXHO BUAAJIMTU MPAKTUUYHO BCIO MOMNYJIsiito 6akTepiit E. coli, ne3iH-
(ikyBaTu MyJ i TiABULIMTH IBUAKICTb HOr0 0OPOOKH.

Kawuoesi caoea: baxmepii Escherichia coli, mya, kasimauis, yirempa3gykosi xeuni, HaHoOyavoauiku, de3axmu-
eauis.
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APPLICATION OF ULTRASOUND WAVES AND NANOBUBBLES FOR
INACTIVATION OF ESCHERICHIA COLI IN SLUDGE

Sludge treatment in wastewater treatment plants is one of the most difficult challenges for professionals and officials.
Disinfection has become a challenging aspect of treatment because of the rapid elevation of health standards and the
growing concern for pollution-free water resources. Chemical disinfection methods, like chlorination and ozonation,
are often not environmental friendly (because of production of some undesirable by-products such as trihalomethanes)
so alternative methods for disinfection are needed and the objective of this study is to determine the effect of ultrasonic
waves with low wavelength and the high level of energy to improve removal rate of Escherichia coli in sludge and deter-
mine the optimum operating parameters of the ultrasonic method. In this research, variables include ultrasound den-
sity (0.375; 0.75; 1; 1.3 and 2.5) W per 1 mL and time (1; 5; 10; 15 and 30) min. Furthermore, the impact of these vari-
ables on the E. coli inactivation in sludge is measured. The results shows a significant increase in rate of E. coli bacteria
reduction by increase of ultrasound density from 0.375 to 2.5 W/mL. By increasing of sonication time from 1 min to
30 min, the similar increase in rate of E. coli bacteria reduction was observed. The experiments determined that the
optimum operating parameters be sonification time of 30 min, ultrasound density of 2.5 W/mL in the frequency of
20 kHz. Inactivation rate of E. coli in these circumstances was 99.43% that is more than 2 logs. Based on the results of
this research, high power and low-frequency ultrasound waves are capable of eliminating nearly all the E. coli bacteria
population at relatively short irradiation time and they could remove E. coli and disinfect the sludge hence could in-
crease the treatment rate.

Keywords: Escherichia coli, sludge, cavitation, ultrasonic waves, nanobubbles, inactivation.
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