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Abstract. Use of the TinO2n-1 electrode for water electrolysis process promotes the destruction of
organic matter as shown by the changes in permanganate index different values of electrolysed and non
electrolysed solution.

Using the TinO2n-1 electrode in the electrolysis process with the presence of chlorine and bromine ions can create
a lasting disinfectant effect that was demonstrated by the sharp decrease in the number of bacterial colony forming
units in electrolysed solutions.

Using the TinO2n-1 electrode in the electrolysis process with the presence of iodine ions can create a
bacteriostatic effect which was maintained for at least 10 days in electrolysed solutions
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levads
Jebkura Gidens sistéma attistas mikroorganismi, kuri palielina organisko vielu daudzumu tident un
uz tdensvadu sist€mas materialu virsmas veido biopléves [1]. Bioplévju attistiba Gidens padeves
sist€tmas var izraisit Gdens krasas, smarzas un garSas izmainas, caurulu materiala koroziju,
siltumvaditsp€jas samazinaSanos, iidens padeves sist€émas aizaugSanu.
Eksiste dazadas tdens apstrades metodes mikroorganismu apkaroSanai. Plasi pétita ir Gidens
ozon&$ana vai apstrade ar UV starojumu, taCu maz ir zinams par mikroorganismu attistibu péc
tdens elektrokimiskas apstrades, kura tiek uzskatita par efektivu un videi draudzigu metodi [2;
3].
Elektrolizes procesa radusies oksidanti (O-, OH-, HCIO, CIO" , H,0,, Os, MnO?, S,0g), kas
noarda fident esosSas organiskas vielas un iznicina mikroorganismus, darbojas antimikrobiali un
kavé mikroorganismu talaku vairo$anos.
Elektrolizes procesa efektivitati ietekmé pielietoto elektrodu veids. Viens no elektroda
efektivitates raditajiem ir sp&ja izdalit ieveérojamos daudzumos dezinfic&josus savienojumus
(piem., O-, OH-, HCIO, CIO) no atskaiditiem Skidumiem. Plasi tiek izmantoti elektrodi, kas satur
Pt, PbO,, Ti/SnO; ar Sh,0s piejaukumu, IrO,, Pt-Ir, RuO,, MnO,, Ti/dimants ar bora piejaukumu,
ka art grafita elektrodi [4].
Par loti perspektiviem uzskata elektrodus, kas satur nestehiometrisku titana oksidu ar kop€jo
formulu Ti,On.1, kur n ir skaitlis no 4 Iidz 10. Mainoties titana un skabekla attiecibai, ka ari
izgatavoSanas apstakliem, butiski mainas arT materiala IpaSibas un ta pielietojums. Ti,Ozn-1 ir liela
izturiba pret koroziju, kura ir lielaka neka tiram titanam un titana dioksidam (rutils, anatazs),
mazs absorbcijas koeficents un laba mehaniska izturiba. TinO2pn.1 atSkiriba no anataza un rutila,
kuri darbojas ka izolgjoSie materiali, uzrada pusvaditaja un pat pusmetaliskas Tpasibas.
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Tai pasa laika titana oksidu saturoSu keramikas elektrodu darbibas mehanisms un atsevisku
tehnologisko parametru ietekme uz elektrolizes procesa efektivitati nav pilniba noskaidrota.
Darba meérkis bija noskaidrot, ka mainas kopgjais izdalita halogéna daudzums elektrolizes
procesa laika un mikroorganismu vairo$anas intensitate péc tidens Skiduma elektrolizes atkariba
no taja izSkidusajam vielam (anjoniem) un to koncentracijas. Elektrolizei tika izmantots Ti,Ozp-1
saturoSs keramikas anods, kurs sintezéts Rigas Biomaterialu inovaciju un attistibas centra [5].

Materiali un metodes
Petijumu veikSanai tika izveidota elektrolizes Stna, kas sastav no TinOg,.1 saturoSa keramikas
anoda ar laukumu 12,1 cm? un katoda, kas izgatavots no neriisgjoda terauda, ar kopgjo virsmas
laukumu 18 cm? (skat. 1.att.). Katods izveidots no divam vienadam plaksnitém, kuras novietotas
paral€li abas pus€s anodam 5 mm attaluma no ta. Elektrolizi veic 0,5 L Skiduma.

1.att. Elektrolizes iekarta un elektrolizes $iina

1- termostats, 2— elektrolizes §iina, 3— magnéts, 4— lidzstravas avots ar kontrolgjamu spriegumu un stravas
stiprumu, 5— magnétiskais maisitajs, 6— katods, 7— anods, 8— epoksida sveki, 9— elektribas vadi

Organisko vielu daudzums tdeni un to izmainas elektrolizes procesa tika vertétas ar
permanganata indeksu (Imn), mg O/L. Iy, noteikSana tika veikta péc standarta metodes [6].
Izdalita halogéna daudzumu analiz€jama tidenT noteica, izmantojot spektrometru Jenway 6300 ar
kolorimetrisko metodi [7] un ar titréSanas metodi atbilstosi standartam [8] .

Mikroorganismu attistibas intensitates izmainas noteica péc bakteriju kolonijas veidojoSo vienibu
skaita (KVV). KVV vienibu daudzumu tdeni noteica, izmantojot R2A barotni (LAB M,
Lielbritanija) un inkubgjot 20 + 2°C temperatiira 10 dienas [9].

Lai novertétu elektrolizes procesa izdalita halogéna daudzumu, tika pagatavoti dazadas
koncentracijas jonu (CI°, Br, J)) $kidumi, neparsniedzot maksimalo koncentraciju 250 mg/L. Sada
maksimala koncentracija tika izvéleta, lai neparsniegtu dzeramaja tideni maksimali pielaujamo
hlora jonu koncentraciju [10].

Lai novertetu elektrolizes procesa dezinficgjoSo efektu un ta ietekmi uz mikroorganismu
vairoSanas intensitati tideni, tika izveidota modelsisttma (barotne), kura raditi apstakli
mikroorganismu attistibai. Vispirms tika pagatavots koncentréts baribas vielu skidums destiléta
tdeni ar sastavu: 4,55 g/L (NH4).SO4; 0,2 g/L KHPO4; 0,1 g/L MgSO47H,0; 0,1 g/L
CaCl,-2H,0; 0,1 g/L NaCl; 2,27 g/L CH3COONa-3H,0 [11]. Modelsistému ieguva, koncentratu
atSkaidot attieciba 1:40 ar destiletu Gideni un pievienojot Immol/L. dazadus kalija salus ar
atSkirigiem anjoniem (KCl, KBr, KJ, K2SOy).

Rezultati un to izvertejums
Ir zinams, ka halogéni (hlors, broms, jods) un to savienojumi ir iideni dezinficgjoSas vielas, kas
var sadalit organiskas vielas un kavét mikroorganismu attistibu [12; 13]. Halogéni un to
savienojumi var veidoties elektrolizes procesa no Skidumiem, kuri satur halogénu jonus (skat.
1.vienadojumu).
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2Hal" — Hal, + 2¢’, 1)
kur Hal — halogéns.
Elektrolizes procesa no tideni esosajiem hlora joniem (10-250 mg/L hlora joni praktiski vienmér
atrodas centralizétas Gidens apgades sistémas tideni) veidojas hlors un hlora savienojumi, kuri ir
specigi oksidétaji ar dezinfic€joSam ipasibam. No broma elektrolizes procesa var veidoties
bromati, kas nav pielaujami dzeramaja tident vairak par 10 ug/L [10]. Tacu tehnologiskos tidenos
elektrokimiski generéts broms varétu darboties aktivak par hloru — dezinfic&jot Gideni un kavéjot
talaku mikroorganismu attistibu.
Pievienojot tidenim dazadas koncentracijas halogéna jonus (CI°, Br, J) un elektroliz&jot iegtito
$kidumu pie procesa parametriem (j = 8,3 mA/cm?, pH 7+ 0,2, t° = 25°C), intensivi maisot, tika
noteikts izdalita halogéna daudzums, hlora jonu gadijuma skat. 2.att.
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2.att. Izdalita kopéja hlora daudzuma izmainas atkariba no elektrolizes laika pie dazadam

sakotnéja hlora jonu koncentracijam
1-17,72 mg/L; 2 - 35,45 mg/L; 3— 100 mg/L; 4 — 250 mg/L. Elektrolizi veic 0,5 L skiduma

Elektrolizgjot tidens Skidumus ar dazadu sakotn€jo hlora jonu koncentraciju, tika konstatéts, ka
izdalita hlora daudzums palielinas, palielinoties elektrolizes laikam un hlora jonu koncentracijai
Skiduma.

Lai noskaidrotu dazadu halogénu jonu ietekmi uz elektrolizes procesu, tika elektrolizéti dazadu
halogénu jonus saturo$i Skidumi ar sakotn€jo koncentraciju 1 mmol/L pie tadiem paSiem procesa
parametriem (skat. 3.att.).
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3.att. Izdalita kopeja halogena daudzuma izmainas atkariba no elektrolizes laika dazadu
hologénu jonus saturoSiem Skidumiem
1-CI; 2-Br; 3— J. Elektrolizi veic 0,5 L $kiduma ar hologénu jonu sakotng&jo koncentraciju 1 mmol/L

Halogéna daudzums, mmol
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Ka redzams 3.attéla, izdalita halogéna daudzums pieaug, palielinoties elektrolizes laikam.
Izmantojot vienadojumus (2) un (3) [14], tika noteikts izdalita halogéna daudzums no teor&tiski
iesp&jama péc stravas atkariba no elektrolizes procesa laika, dazadu halogénu jonus saturoSiem
Skidumiem ar sakotngjo koncentraciju I mmol/L (skat. 4.att.).

Wo%= 1 *100%, )

mt

kur W% — noteikta izdalita halogéna daudzums no teorctiski iesp&jama p&c izmantotas stravas
elektrolizes procesa laika;
m — elektrolizes procesa izdalita halogéna daudzums;
m; — teorétiski iesp&jamais halogéna daudzums péc stravas.

m; = I*t/n*F, 3
kur | — stravas stiprums, A;
t — laiks, s;
N — jona ladins;
F — Faradeja konstante, 96485 C/mol.
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4.att. Izdalita kopeja halogena daudzums % no teorétiska (pec stravas) atkariba no
elektrolizes laika dazadu halogénu jonus saturoSiem Skidumiem
1-CI'; 2-Br; 3-17J. Elektrolizi veic 0,5 L $kiduma ar halogénu jonu sakotn&jo koncentraciju 1 mmol/L

Ka redzam 4.attéla, izdalita halogéna daudzums no teorétiski iesp&jama pec stravas atkariba no
elektrolizes procesa laika ir no 8 1idz 12% un nedaudz samazinas, pieaugot laikam. Visvairak no
Skiduma esoSajiem halogéna joniem izdalas broms salidzinajuma ar citiem halogéniem.

Darba [15] tika konstatéta sakariba starp Iy, izmaindm un mikroorganismu attistibu
modelsistémas Skidumos. Iun palielinaSanas var€tu netiesi noradit uz mikroorganismu biomasas
un/vai mikroorganismu sintez€to organisko vielu koncentracijas pieaugumu. Lai noteiktu
elektrolizes iesp&jamo dezinficgjoSo iedarbibu, modelsistémas skidumus, kas satur CI, Br, I,
elektrolizgja pie pastavigiem procesa parametriem (j — 8,3 mA/cm?, pH 7+ 0,2, t° = 25°C, t = 15
min). lespgjamo stravas ietekmi uz mikroorganismu vairoSanos novertgja, pievienojot
modelsist€mai sulfata jonus (8042'), kas palielina Skiduma elektrovaditspéju un ir stabili
elektrolizes procesa. P&c tam tika uznemtas Iy, izmainas laika visiem Skidumiem (skat. 5.att.).
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5.att. Permanganata indeksa izmainas atkariba no izturésSanas laika elektrolizétiem un
neelektrolizétam Skidumiem
1 — neelektrolizets; 2 — elektroliz&ts hlora jonus satuross; 3 — elektrolizéts broma jonus satuross; 4 —
elektroliz&ts sulfata jonu satuross skidums. Elektrolizi veic 0,5 L $kiduma ar jonu sakotngjo koncentraciju
1 mmol/L

Ka redzams 5.attéla, izturot elektrolizétos Skidumus lidz 10 dienam, permanganata indekss
praktiski nepicaug, salidzinot ar neelektrolizétajiem modelsistémas Skidumiem. Tai pasa laika
jaatzim€, ka Iy, vertibas tikai dalgji raksturo iespgjamo mikoorganismu daudzumu sist€ma.
Mikroorganismu atistibas izmainas tika novertétas péc baktériju KVV skaita mL (skat. 6.att.).
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6.att. Mikroorganismu KVV/mL atkariba no izturéSanas laika elektrolizétajiem Skidumiem
un neelektrolizétam Skidumam
1 — neelektrolizets; 2 — elektroliz&ts hlora jonus satuross; 3 — elektrolizéts broma jonus satuross; 4 —
elektroliz€ts joda jonu satuross; 5 — elektroliz&ts sulfata jonus satuross $kidums. Elektrolizi veic 0,5 L
§kiduma ar jonu sakotngjo koncentraciju lmmol/L

Skidumos, kas saturja CI" un Br~ jonus, 10 diennaktis péc elektrolizes baktériju KVV nav
konstat€tas, kas liecina par dezinficgjosu efektu. Sulfatu jonu ietekme uz bakteriju KVV skaitu
péc Skiduma elektrolizes praktiski nav novérojama. Skidumam, kur§ saturja joda jonus, p&c
elektrolizes ir bakteriostatiska iedarbiba, kura saglabajas vismaz 10 dienas.

Secinajumi
1. TinOgn1 saturo$o keramikas elektrodu izmantoSana tdens elektrolizes procesa izsauc
organisko vielu noardiSanos, uz ko norada permanganata indeksa ly, atSkirigas vertibas
elektroliz€tam un neelektrolizétam skidumam.
2. Hlora un broma jonu klatbttné Ti,Opn.1 saturos$as keramikas elektrodi elektrolizes laika var
veicinat paliekoSa dezinficgjosa efekta raSanos, par ko liecina krasa bakteriju kolonijas
veidojoso vienibu skaita samazinasanas elektrolizétos skidumos.
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3. Joda jonu klatbuitné TinO2n1 saturosas keramikas elektrodi elektrolizes laika var veicinat
bakteriostatisko iedarbibu, kura elektrolizétos skidumos saglabajas vismaz 10 dienas.

Summary
The lifetime and effectiveness of a water system might deteriorate if the quantity of
microorganisms and organic matter increases. Electrochemical treatment methods are considered
an effective way to decrease such pollutants. Oxidants created by the electrolysis process destroy
the organic matter in the water, decrease the microbiological pollution and can act as
disinfectants to prevent further propagation of microorganisms.
Specially synthesized Ti,O2,.1 cOntaining ceramic electrode was used as an anode. The quantity
of organic matter in the water was given as permanganate index (lwn), mg OJ/L. Iy, was
performed by standard methods [6].
Distributed halogen volume in the water was determined according to the standard colorimetric
method [7] and titrated according to standard [8].
Development of microorganisms was determined by counting bacterial colony forming units
according to method [9].
To assess the extracted amount of halogen on the electrolysis process different concentrations of
ions (CI', Br, J) solutions up to a maximum concentration of 250 mg / L were prepared. This
maximum concentration was chosen in order not to exceed the maximum admissible
concentration of chlorine and sulphate ions in drinking water [10].
To assess the effect of electrolysis process disinfectant effect on microbial growth intensity in the
water a model system (medium) was made, which create the conditions for microbial growth.
In the electrolysis process with the parameters (j = 8.3 mA/cm?, pH 7 + 0.2, t° = 25°C) of water
solutions with different initial chlorine ion concentration was found that the extracted amount of
chlorine increases with electrolysis time and with chlorine ion concentration in solution.
To determine the effects of electrolysis process on the different halogen ions-containing solutions
with an initial concentration of 1 mmol/L electrolysis at the same process parameters was carried
out.
The extracted amount of halogen is growing increasing with electrolysis time.
Using equations 2 and 3 [14] theoretically possible amount of halogen by current used in
electrolysis process was estimated.
Theoretically possible extracted the amount of halogen in the electrolysis process from current is
approximately 8 to 12% and slightly decreasing with time. Compared with other halogens the
most released from used halogen ions solutions is bromine.
In [15] the relationship between the Iy, and the changes of microbial multiplication in model
solutions was found. Iy, increases could indirectly indicate the microbial biomass increases. To
determine the electrolysis influence of disinfection, model system solutions containing CI', Br’, I
was electrolysed at permanent process parameter (j - 8.3 mA/cm?, pH7+02,t°=25C, t=15
min). The possible impact of the current on the microorganism reproduction was determined by
addition of sulphate ions (SO4%) to model system solutions.
Permanganate index values of electrolysed solution up to 10 days, practically does not increase
compared to non-electrolysed solution. In solutions containing CI" and Br” ions after electrolysis
and aged up to 10 days bacterial colony forming units have not been identified. Sulphate ion
effect on the number of bacterial colony forming units in electrolysis process was practically not
observed.
Use of the Ti,O,n-1 electrode for water electrolysis process promotes the destruction of organic
matter as shown by the changes in permanganate index different values of electrolysed and non-
electrolysed solution.
Using the Ti,O2n.1 electrode in the electrolysis process with the presence of chlorine and bromine
ions can create a lasting disinfectant effect that was demonstrated by the sharp decrease in the
number of bacterial colony forming units in electrolysed solutions.
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Using the Ti,O2n.1 electrode in the electrolysis process with the presence of iodine ions can create
a bacteriostatic effect which was maintained for at least 10 days in electrolysed solutions.
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