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Introduction

Electrochemical disinfection is an alternative for conventional drinking water treatment, which is
receiving increasing attention from drinking water production industry. With this approach oxidants
are produced from electrolysis of water molecules and some of dissolved chemical compounds (O-,
OH-, H,0,, 05, MnO?, S,05) which are normally present in drinking water. Thus, this method does not
require addition of reagents; therefore it is easy to automate and simple to use. In the presence of
chlorine ions after being exposed to electrolysis, several species with high disinfection potential,
namely, hypochlorous acid and hypochlorites (HCIO, ClO") [1, 2] are formed. These species have
residual disinfection effect; therefore their presence is particularly useful for drinking water as they
allow to secure water quality in long water distribution networks.

The efficiency of electrolytic process is affected by many factors including the type of electrodes. At
the moment electrodes containing Pt, Ti/Sb-doped SnO,, IrO,, Pt-Ir, RuO,, MnO,, Ti/boron-doped
diamond (BDD), as well as graphite are widely used [3]. Titanium oxide-based ceramic electrode (viz.
Ti,0,,.1 where n is between 4 and 10) has not been used before in low concentration chlorine solutions,
however they appear to be potentially applicable because of their relatively low cost and durability.
The potential application of electrolysis for drinking water disinfection has been investigated.
However, until now the studies were limited to analyses on culturability of bacteria [4, 5] whereas
other metabolic states in which pathogenic bacteria may occur in drinking water have not been
investigated. It has been described that many microorganisms when subjected to stresses such as
disinfection can enter “active but nonculturable (ABNC) state” [6], sometimes referred to as “viable
but nonculturable” (VBNC) [7], where cells show no potential to divide, they cannot be grown to
detectable levels in vitro on traditionally used agars but with certain vitality assays show activity [6].
Thus, in addition to traditionally used culture methods several molecular techniques such as Direct
Viable Count (DVC) [8] in combination with Fluorescence in situ hybridization (FISH) and CTC (5-
cyano-2,3-ditolyl tetrazolium chloride) staining [9, 10] could provide more detailed information about
changes of viability of microorganisms during disinfection. DVC method is based on the incubation of
samples with antimicrobial agents (nalidixic acid for E. coli) and nutrients, where nalidixic acid acts as
a specific inhibitor of DNA synthesis and prevents cell division without affecting other cellular
metabolic activities and causes the formation of long filamentous cells [11]. CTC method is based on
incubation of cells with redox dye (CTC) which in the presence of functioning electron transport chain
acts as an artificial electron acceptor, resulting in formation of fluorescent insoluble formazan crystals
(CTF) inside metabolically active cells [12, 9, 10].

The aim of this study was to estimate the effect of electrolysis with Ti,0,, | containing ceramic anode
on viability of bacteria in drinking water. The experiments were carried out in laboratory scale using
Escherichia coli as a model organism for disinfection experiments. The anode was synthesized in the
Riga biomaterials innovation and development centre [13].
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Materials and methods

Bacterial strains and culture conditions. Escherichia coli ATCC 25922 grown on R2A agar
(Scharlau, Spain) was inoculated into prefiltered, liquid Luria-Bertrani (LB) media (tryptone 10 g/L,
yeast extract 5 g/, NaCl 10 g/L) and incubated with constant shaking (150 rpm) overnight at 37°C.

Sample preparation. Overnight culture of E. coli was centrifuged at 6000 rpm (2500g) for 2 min.
Then the pellet was washed twice with sterile phosphate buffered saline (7 mM Na,HPO,, 3 mM
NaH,PO,, 130 mM NaCl, pH 7.2) and resuspended in sterile distilled water. In order to determine the
number of cells in suspension, a small volume of suspension (0.1 — 1 pl) was filtered on 25-mm-
diameter 0.2-pm-pore-size filters (Anodisc; Whatman plc) and fixed with 3-4% formaldehyde for 15
minutes, washed with sterile distilled water, air-dried and stained with 10 ug/mL DAPI (4°,6-
diamidino-2-phenylindole, Merck) for 5 minutes. Cell numbers were determined by epifluorescence
microscopy by counting 20 random fields of view (Ex: 545 + 30 nm; Em. 610 £ 75 nm, dichromatic
mirror 565 nm, Leica DM, LB). Then a known concentration of cells was added to 0.5 L of sterile
synthetic E. coli-free water (0.039 M NaH,PO,, 0.061 M Na,HPO, and different concentrations of
SO,* or CI, pH ~7). Maximum concentration of chlorine ions was chosen in order not to exceed the
maximum allowable concentration of chlorine ions in drinking water [14]. All samples were analyzed
in triple.

Experimental procedure. Water treatment with electrolysis was performed in a specially made
electrolytic cell consisting of Ti,0,,.; containing ceramic anode with an area 12.1 cm’ and a cathode
made of stainless steel, with a total surface area of 18 cm® The cathode consisted of two identical
plates placed in parallel on either side of the anode, 5 mm away from it [15]. All control samples were
left untreated. The amount of released chlorine in the water was determined according to the standard
titration method [16].

Power to the electrochemical reactor was supplied by BCA-5A-K (0 — 65V, 0 — 12 A) direct current
rectifier. Electrolysis process was carried out at current intensity 0.1 A, temperature 23 + 2°C and pH
7 with intensive stirring during 15 min. The influence of the sulphate ions and buffer solution on the
disinfection process and distributed chlorine variation after electrolysis were investigated. Also the
influence of the electrolysis process current intensity and duration time on the disinfection processes,
and changes of the extracted chlorine in electrolysis process were investigated.

After the treatment approximately 100 ml of sample were collected in sterile bottles and brought for
further processing. To cease the disinfection reaction enough of sodium thiosulphate was added.

Staining of samples with CTC. 0.1 mL of all samples were stained with CTC in accordance with a
modification of the procedure described by Rodriguez et al [9]. To 0.1 mL of sample 0.01 mL of 10
times concentrated LB broth and 0.011 mL of CTC (5-cyano-2,3-ditolyl tetrazolium chloride, Fluka,
BioChemika) with a final concentration of 4 mM was added. The mixture was continuously stirred for
2 hours in the dark at room temperature (about 20°C). After incubation the sample was filtered
through 25-mm-diameter 0.2-um-pore-size filter, air-dried, fixed with 3-4% formaldehyde for 15
minutes, washed with sterile distilled water and stained with 10 pg/mL DAPI. Actively respiring and
non-respiring cell numbers were determined with epifluorescence microscope (Leica DMLB)
equipped with a 50-W power supply, mercury lamp, filter sets for DAPI (Ex: 545 + 30 nm; Em. 610 £
75 nm) and for fluorescent formazan crystals (Ex: 340/380 nm;. Em: >425 nm or the same channel as
for DAPI in order to avoid the counting of any extracellulary fluorescing units) and a camera
(CoolSNAP Pro, Media Cybernetics, Inc, USA). For image processing Image Pro Plus 4.5.1. software
(Media Cybernetic Inc., Silver Spring, MD) was used.

DVC-FISH procedure. Cell viability was determined by modified DVC method by Kogure et. al.
[17] and combined with FISH. To 1 mL of each sample 1 mL of Tryptone Soya broth (Oxoid Ltd.,
UK) and 10 pg/mL Nalidixic acid mix were added. Then all samples were incubated for 6 h at 30°C.
After incubation the samples were centrifuged at 6000 rpm (2500g) for 2 min, supernatant was poured
off and replaced with sterile distilled water. Then all samples were fixed with formaldehyde (final
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concentration 3-4%) for at least 20 minutes. After fixation the samples were filtered through 25-mm-
diameter 0.2-pm-pore-size filter. To remove extra formaldehyde, samples were washed with sterile
distilled water. After washing filters were removed from filtering device and air-dried. Then 20 - 30
pL of PNA hybridization mix consisting of hybridization buffer (50 mM Tris-HCl, 10% w/v 50%
dextran sulphate, 0.1 mM of NaCl, 30% v/v formamide, 30% v/v tetra-sodium pyrophosphate, 0.2%
w/v polyvinylpyrrolidone, 0.2% w/v Ficoll 400, 5 mM Na,EDTA, 0.1% v/v Triton X-100) and 200
nM of fluorescently labeled ECOLIFILM PNA probe (TCA ATG AGC AAA GGT [18] labeled with
CY3 (Ex: 550, Em: 570)) were applied to the filter and covered with cover glass. The samples were
incubated in a tight humidified vessel for 60 minutes at 57°C. After hybridization samples were
washed with plenty of sterile distilled water and air-dried. Samples were visualized with
epifluorescence microscope for detection of E. coli with ECOLIFILM probe, a narrow range Y3 filter
(Ex: 340/380 nm;. Em: >425 nm, dichromatic mirror 565 nm) was used. For image processing Image
Pro Plus 4.5.1. software was used. Cells were counted DVC positive if they were > 1.5 times longer
than average length of cells with no DVC treatment (DAPI stained).

Statistical analysis. For CTC assay the enumeration of bacteria was done with direct microscopic
counting of 20 random fields of view for each sample. Both respiring and non-respiring bacteria were
enumerated in each field of view. For DVC assay at least 20 random pictures were taken from each
sample and length measurements of at least 300 cells were done with Image Pro Plus 4.5.1. software.
For non-elongated cell length determination DAPI stained samples were analyzed as described above.

Results and discussion

Although Escherichia coli, compared to other waterborne pathogens such as Cryptosporidium, is not
particularly resistant to disinfection, still this bacterium is used as an indicator of hygienic quality of
drinking water, therefore it is of interest for water industry. During the last decade especially VBNC
forms of bacteria have received attention as they are suspected as “hidden sources” of infection in
drinking water.

In order to investigate whether other chemical compounds than chlorine are producing disinfection
effect during expose to electricity the changes of viability of Escherichia coli were determined by
addition of different concentrations of sulphate ions (SO,”) to distilled water. All samples were treated
for 15 minutes with low current (I — 0.1 A, pH 7 £+ 0.2, t° = 23 + 2°C) except the control which was
untreated. Results showed that the effect of sulphate ions on viability of E. coli is minor (Fig. 1). A
minor decrease in cultivability and potential for dividing was observed only in samples without
sulphate ions or in samples with low sulphate ion concentration. The latter phenomenon should be
investigated further.

To test the formation of active chorine from chlorine ions, KCl salt in concentrations similar to those
in drinking water was added to water. The solution was electrolyzed using permanent process
parameters (I — 0.1 A, pH 7 + 0.2, t° = 25°C, t = 15 min) while stirring intensively. To observe the
formation of chlorine during electrolysis, samples with different KCI concentrations but without cells
were treated (see Fig. 2). Results clearly showed that residual chlorine concentration increases with the
increase of chlorine ion concentration in solution. In typical surface waters concentration of chlorine
ions is less than 10 mg/L, however, in areas subjected to seawater intrusion, the chorine levels can be
much higher. Chlorine can be corrosive to steel pipes at levels of 50 mg/L, whereas at levels above
250 mg/L it causes an objectionable salty taste. From Fig. 2 it can be concluded that at even relatively
low energy input (0.5 — 2.5 kWh/m’, depending on water conductivity) in water samples below 50
mg/L of chlorine Ti,0,, | ceramic electrodes generated active chlorine in the range of 0.5-3.5 mgCl,/L,
which is the level of chorine used for drinking water disinfection.
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Figure 1. Percent of metabolically active — respiring (white), culturable (grey) and DVC positive —
with potential for dividing (black) Escherichia coli cells. Standard deviation represents the dispersion
of the results of three separate experiments. 100% represents the total population.
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Figure 2. Amount of chlorine formed in samples with different initial concentrations of chlorine ions.
Electrolysis was carried out in 0.5 L of solution (I-0.1 A, pH 7 £ 0.2, t°=23 £ 2°C, t = 15 min).

The results also confirmed that disinfection effect is a result of generation of oxidant species from
chlorine rather than effect of electricity per se, formation of radicals in water.

Effect of chlorine ion concentration on disinfection efficiency of E. coli is presented in Fig. 3. Results
clearly showed that at level of about 7 mg/L E. coli is not culturable and not VBNC (respiring and
able to divide). This concentration is within the range of chloride ion concentration in pristine surface
waters and groundwaters.

Effect of current intensity was studied by exposing E. coli for 15 minutes at chlorine concentration of
6.8 mg/L (Fig. 4). Results showed that increase of current above 0.02 A was sufficient to inactivate
both cultivable and VBNC E. coli. Notably, the cell ability to divide (DVC positive) was lost more
rapidly than the ability to respire.
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Figure 3. Effect of chlorine ion concentration on disinfection efficiency of E. coli. Results represented
as percent of metabolically active — respiring (black), cultivable (grey) and DVC positive — with
potential for dividing (white) Escherichia coli cells. Standard deviation represents the dispersion of the
results of three separate experiments. 100% represents the total population. For control samples
treatment was not used.
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Figure 4. Effect of current intensity on disinfection efficiency of E. coli. Results represented as
percent of metabolically active — respiring (black), cultivable (grey) and DVC positive — with potential
for dividing (white) Escherichia coli cells. Standard deviation represents the dispersion of the results
of three separate experiments. 100% represents the total population. For control samples no treatment
was used.

Kinetics of disinfection was studied in water samples which were treated with 0.02 A at chlorine ion
concentration of 6.8 mg/L (Fig.5). Previous experiments (Fig.2) showed that approximate level of
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active chlorine formed is around 0.5 mg Cl,/L. After the sample was exposed to this concentration, E.
coli concentration decreased rapidly following exponential decay rate (viz. first-order rate constant).
The rate of decrease was similar for both cultivable and able-to-divide (DVC-FISH) E. coli. After
about 15 minutes of expose no cultivable or able-to-divide E. coli was detected in the sample.
However, respiration ability of E. coli decreased with different trend: more rapidly at the beginning
and nearly stopped after 3 minutes of test. This phenomenon, should be investigated further.
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—aA— able to divide
500,000
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Figure 5. Effect of treatment time on disinfection efficiency (concentrations of chlorine ions 6.8
mg/L, current intensity 0.002 A, pH 7 £ 0.2, t° =23 + 2°C).

Conclusions

1.

The potential application of electrolysis for drinking water disinfection has been investigated.
Water treatment with electrolysis was performed in a specially made electrolytic cell with Ti,0,,

containing ceramic anode and using Escherichia coli as a model organism for disinfection
experiments.

2. Using the Ti,0,,; electrode in the electrolysis process with the presence of chloride ions, in
concentration range which is common in raw waters, a level of active chlorine can be created that
kills more than 99% of E. coli within 15 minutes.
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L. Mezule, M. Reimanis, J. Malers, J. Ozolins, T. Juhna. Application of electrolysis with Ti, 0, ; ceramic
electrodes for disinfection of drinking water. The potential application of electrolysis for drinking water
disinfection has been investigated. Water treatment with electrolysis was performed in a specially made
electrolytic cell consisting of Ti,0,,.; containing ceramic anode and Escherichia coli was used as a model
organism for disinfection experiments.

The influence of the sulphate ion and buffer solution on the disinfection process and distributed chlorine
variation after electrolysis, the influence of the electrolysis process current intensity and duration time on the
disinfection processes, and changes of the extracted chlorine in electrolysis process were investigated.

Cell viability was determined by cultivation on culture media, by modified Direct Viable Count (DVC) method
combined with Fluorescence in situ hybridization (FISH) and cell activity was determined by staining with redox
dye 5-cyano-2,3-ditolyl tetrazolium chloride (CTC).

Results showed that the effect of sulphate ions on viability of E. coli is minor. A minor decrease in cultivability
and potential for dividing were observed only in samples without sulphate ions or in samples with low sulphate
ion concentration.

To test the formation of active chorine from chlorine ions, KCI salt in concentrations similar to those in drinking
water was added to water. The solution was electrolyzed using permanent process parameters (I — 0.1 A, pH 7 +
0.2, t* = 25°C, t = 15 min) while stirring intensively.

It can be concluded that at even relatively low energy input (0.5 — 2.5 kWh/m’, depending on water conductivity)
in water samples below 50 mg/L of chlorine Ti,0,,.; ceramic electrodes generated active chlorine in the range of
0.5-3.5 mgClyL, which is the level of chorine used for drinking water disinfection. The results also confirmed
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that disinfection effect is a result of generation of oxidant species from chlorine rather than effect of electricity
per se, formation of radicals in water. Results clearly showed that at level of chlorine ions concentration about 7
mg/L E. coli is not culturable, not respiring and not able to divide.

Results showed that increase of current above 0.02 A at chlorine ion concentration of 6.8 mg/L was sufficient to
inactivate both culturable and VBNC E. coli. Notably, the ability to divide (DVC positive) was lost more rapidly
than the ability to respire

Kinetics of disinfection was studied in water sample which was treated with 0.02 A at chlorine ion concentration
of 6.8 mg/L. After about 15 minutes of exposure no culturable or able-to-divide E. coli was detected in the
sample. Respiration ability of E. coli decreased with different trend: more rapidly at the beginning and nearly
stopped after 3 minutes of test. This phenomenon should be investigated further.

Using the Ti,0,,.; electrode in the electrolysis process with the presence of chloride ions, in concentration range
which is common in raw waters a level of active chlorine can be created that kills more than 99% of E. coli
within 15 minutes.

L. MeZule, M. Reimanis, J. Malers, J. Ozoliys, T. Juhna. Dzerama iidens elektrolitiska dezinfekcija ar Ti,0,,.
1 keramikas elektrodiem. Darba pétitas dzerama iidens dezinfekcijas iespéjas ar izmantojot elektrolizi. Udens
apstrade ar elektrolizi veikta speciali izveidota elektrolizes Sind, izmantojot Ti,O,,.; saturosus keramikas
elektrodus. Dezinfekcijas efektivitate noteikta, izmantojot Escherichia coli bakterijas. Tika pétita sulfata jonu un
buferskiduma, elektrolizes procesa izdalita hlora daudzuma, ka art stravas stipruma un elektrolizes ilguma
ietekme uz iidens dezinfekciju. Siinu dzivotspéja noteikta, izmantojot klasisko mikroorganismu kultivéSanas
metodi, uzlabotu tiesas dzivotspéjas skaitiSanas (DVC) metodi apvienotu ar fluorescento in situ hibridizaciju
(FISH,) ka ari, veicot parauga iekrdsoSanu, ar oksidéejosu-reducéjosu krasu 5-cian-2,3-ditoliyl tetrazolija
hloridu (CTC), lai noteiktu elpojosas sinas.

legiitie rezultati parada, ka sulfata jonu ietekme uz E. coli dzivotspéju ir nieciga. Nedaudz samazinats E. coli
kultivésanas potencials tika noveérots skidumos bez sulfata joniem un mazas to koncentrdcijas.

Lai noteiktu hlora veidosanos no hlorida joniem, elektrolizé izmantotajam paraugam tika pievienots KCI
koncentracijas, kadas sastopamas dzeramaja iident. Udens Skiduma elektrolize tika veikta saglabajot nemainigus
parametrus (I—0,1 A, pH7 0,2, ° = 25°C, t = 15 min), to intensivi maisot.

legiitie rezultati liecina, ka elektrolizes laika no iidens skidumiem ar hlora koncentraciju mazaku par 50 mg/L,
izdalas briva hlora koncentracijas robezas no 0,5 — 0,3 mg ClL,/L , kas atbilst koncentracijai, ko izmanto dzerama
idens dezinfekcijai, patéréjot salidzinosi mazu energijas daudzumu (0.5 — 2.5 kWh/m’, atkariba no idens
elektrovaditspéjas).

Rezultati apstiprina, ka tidens dezinfekciju nodrosina oksidanti, nevis caurpliistosa strava vai elektrolizes laika
izveidojusies radikali. No rezultatiem redzams, ka pie dotajiem procesa parametriem iidens Skidumos ar hlorida
jonu koncentraciju lielaku par 7 mg/L E. coli baktérijas nav kultivejamas, tas neelpo un nav spéjigas dalities.
Palielinot stravas stiprumu virs 0,02 A, iidens Skidumam ar hlora jonu koncentraciju 6,8 mg/L ir pietiekami, lai
E. coli kliitu nekultivéjamas. Apstrades laika E. coli bakterijas spéja dalities samazindjas atrak neka elposana.
Dezinfekcijas kinétika tika skatita iidens paraugam ar hlora jonu koncentraciju 6,8 mg/L, elektrolizéjot to pie
0,02 A stipras stravas. Apstradajot paraugu 15 miniites, parauga nekonstateja dzivotspejigas bakterijas.
Eksperimenta laika E. coli elpoSanas spéja samazindjas nevienmérigi, sakuma straujak, bet jau péc 3 miniitem
gandriz nemainijas. Sis fenomens biitu japéta talakos eksperimentos.

Ti,0,,.; elektrods var tikt izmantots dezinfekcijas procesam iuidens skidumos, kuros hlorida jonu koncentracija ir
diapazona, kas satopama neapstradata udent, jo spéj izdalit tadu daudzumu aktiva hloru, lai nogalinatu vairak
par 99% no E. coli baktérijam 15 miniisu laika.

JI. Mesyne, M. Peitmanuc, 0. Manepc, I0. O3onunvw, T. IOxna. Dnekmponumuueckas oOe3uHpexyus
RNUMbEBOU 600bl ¢ HOMOWBIO KepaMUYeCKUX 3I1eKmpooos, cooepiyicauwux Ti,0,;. B pabome 6wviiu
uUccned0B8anvl  BO3MONCHOCMU — Oe3uHeKyuu  Numvegou  600bl  NYMEM  NeKmpoau3a.  IAeKmMpous
0Opabamvieaemoll 800bl NPOU3BOOULCS 8 CHEeYUATbHO CO30AHHOU daeKkmpoaustou aueike, ucnoavsysa 1i,0,,.;
codepacawyue Kepamuueckue 371eKkmpoovl. Dpgexmusnocms Oe3ungexyuu onpedensiniacs no Oaxmepusm
Escherichia Coli. Bvino uzyueno énusinue uoHog cyivgpama u 6ygeprozo pacmeopa, KoIuuecmsa 6bl0eNeHHO20
Xn0pa 6 npoyecce SIeKMpOIU3A, 4 MAK Jice CUNbl MOKA U OJUMENbHOCTU NPOYecca 31eKmponu3d Ha
Oesungexyuro 600bl. JKU3HeCnOCOOHOCMb KIemKU ONpedeisiiach ¢ NOMOWbI) MOOUDUYUDOBAHHO2O Memood
npamozo noocuéma dxcuznecnocoornocmu 6axkmepuii (DVC),6 kombunayuu ¢ eubpumusayuu fluorescenco in situ
(FISH), a makoice npouszeo0s nookpawueanue oopazya pedokc Kpacumenem Xaiopuoom S-yuano-2,3-0umonun
mempaszonus (CTC), 0ns oyenku Koauuecmeo Obluaujux Kiemox.

o pesynremamam 6uono, umo Oeticmeue UOHO8 cyibpama Ha dcuznecnocobnocms E. coli nesnauumenvho.
Hebonvwoe ymenvuenue nomenyuana paseedenus oaxmepuii E. Coli 6110 3ameueno npu omcymcmeuu u npu
MANEHbKUX KOHYEHMPAYUsX UOHO8 CYbpama.
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Ymobwul onpederumsv 00paszosanue Xiopa u3 UOHO8 XIA0pudd, 8 npoyecce INEKMPOIUIA K UCNOTbIYEMOMY
obpasyy npubasnaica KCl 6 xonyemmpayusx, ecmpeyarowuxcsi 6 Numvesou 6ooe. INeKMponus 600HO20
pacmeopa npouzeoouncs npu nocmosuuvlx napamempax (I — 0,1 A, pH 7 + 0,2, t* = 25°C, t = 15 min),
UHMEHCUBHO NePEMEULUBASL.

IHonyuennvie pesyromamol NOKA3bIEAIOM, YMO U3 600HBIX PACMEOPOS C KOHYeHmpayuell Xiopa menvuie yem 50
mg/L 6 npoyecce snekmpoausa gvloensiemcs c60000Hbll X10p 8 npedenax kouyeumpayuu om 0,5 — 0,3 mg Cly/L,
KOMOPbIL COOMBEMCMEYem KOHYEHMpAayuu UCnOIb3YeMol 015 Oe3uH@exyuu numveou 600bl, NOMped.ss
cpasnumenvho manenvkoe Konuuecmeo snepeuu (0.5 — 2.5 kWh/m’, 6 sasucumocmu om snexkmponposoonocmu
600b1).

Peszynomamer noomeepoicoarom, umo dezungexyuro 600vl obecneyusaem oKUCIUMeNb, 00paA3yIOWUIC U3 X10pd,
a He npomexalowull MoK UL 80 8peMsi INEKMPOaU3a obpasyrowuecs paduxansl. M3 pe3yibmamos 6uoHo, ymo
npu OGHHBIX NAPAMEMPAX NPOYECca 8 60OHBIX PACMEOPAX ¢ KOHYeHmpayuel uoHos xiopua bonvuie vem 7 mg/L
baxmepuu E. coli He pazeodsmcsi, oHu He cCnOCOOHbI ObLUAMb U QeTUMNbCS .

Yeenuuue cuny moka sviue 0,02 A, konyenmpayuu uonos xiopa 6,8 mg/L 6 600HOM pacmeope 00CmMAamoyHo,
umobwl unaxmueuposams cnocoonocmv 6axmepuil E. Coli pazeooumvcs. Bo épems 0opabomxu cnocoonocms
oaxmepuu E. coli oenumvcs ymenvuiaemes dvicmpee, uem cnocoOHOCHb Oblamb.

bBoina paccmompena xunemuxa Oesungexyuu obpasya 800vl ¢ KowyeHmpayueu xaiopa 6,8 mg/L, npouzeoos
21eKmpoau3 800bl npu cuie moxa paswou 0,02 A. Obpabamwvisas obpazey 15 munym, 6 HEM He KOHCIMAMUPOBATU
oaxmepuu E. coli, komopvie cnocobuvt Oviwams u deaumvcs. Bo epems onvima cnocodonocms 6axmepuii E.
coli Oviwiams yMeHbUANAC, HEPABHOMEPHO, GHAYANE PE3KO, HO yice yepe3 3 Mumymvl NOYMU He MEHSNACH.
Dmom ¢henomen Hado uccied08amy 6 OANbHEUUUX IKCHEPUMEHMAX.

Ti,0,.; 31eKkmpo0 modHcem 6vbimsb UCNOIB308AH 8 NPOYecce Oe3UHPEKYUU 800bl, KOHYESHMPAYUsi UOHO8 XI0puod 8
KOMOpOU  HAXo0umcs 8 OuanasoHe KOHYEHMpAayuil 8CMpedaiowuxcs 6 HeobpabamanHeol 600e, MAK Kax
CROCObeH GbloenUumb MaKoe KOIUYeCm80 AKMUSHO20 XJIopd, Komopoe 6yoem cnocobno 3a 15 munym yboumo
boavue yem 99% oaxmepuil E. coli.



