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1 UvoD

Néktera Spatné pfistupna mista v potravinafskych provo-
zech mohou mnohdy zplsobit masivni kontaminaci na celém
useku vyroby, pficemz vyhledavani ohniska kontaminace
a jeho likvidace si vyZzaduje nemalého usili a odbornych zna-
losti.

Novou revoluéni dezinfekéni metodou se jevi moznost po-
vrchové aplikace ochranného filmu s obsahem krystalického
TiO,, ktery funguje jako fotokatalyzator a pfi ozafeni svétlem
o vinovych délkach odpovidajicich viditelnému spektru emi-
tuje do okoli volné hydroxylové radikaly. Jejich bakteriosta-
ticky a baktericidni u¢inek dezinfikuje povrchy a okolni pro-
stfedi bez pouZiti jinych chemickych agens.

Ultrajemny TiO, je znam jako fotokatalyzator, ktery se svou
vysokou antibakterialni schopnosti jevi jako ekonomictéjsi
a ekologictéjsi alternativa k takovym uzZivanym prostfedkim,
jako je chlor, kyselina chlorna, UV zafeni nebo ozon.

TiO, je pevné vazan v naneseném povrchovém filmu a do
okolniho prostfedi se neuvolfiuje. PFi této metodé nepfichazi
v Uvahu nebezpeéi nedostate¢né likvidace rezidui chemic-
kych latek pouzitych k sanitaci. Nedochazi k pfimému oza-
feni vlastniho vyrobku ani meziproduktu vyroby UV zafenim.
TiO, miZe byt nanagen na rovné i drsné povrchy, s vyhodou
Ize pouzit nanaseni na povrchy balotin o velmi malém pri-
meru.

2 PRINCIP METODY

Podstatou efektu je nasledujici heterogenni fotokatalyticka
reakce:

Nejprve absorpci fotona ¢asticemi polovodi¢e-fotokataly-
zatoru vznika dvojice nosi¢l naboju:

T0,= " e

pficemz:

e je elektron ve vodivostnim pasu

h* je ,dira“ ve valenénim pasu, pfedstavuje volné pohyb-
livy néboj

hv = energie fotonu dopadajiciho zareni

h = Planckova konstanta (h = 6,626 x 103 Js)

v = frekvence zafeni (s)

Pozitivné nabité diry svym vysokym oxida¢nim potencia-
lem umoznuiji oxidaci 1 elektronu molekuly vody za vzniku
velmi oxidativniho hydroxylového radikalu:

H,O0+ h* —» OH" + H*
Rozpustény kyslik je akcepto- ~
rem elektron(l a jeho redukci vzni-
kaji dalsi volné hydroxylové radi-
kaly:

0, +3e +3H*— OH + H,0

Reakci vzniklych volnych hyd-
roxylovych radikal( dochazi k de-

Obr. 1/Fig. 1 Schéma heterogenni fotokatalytické reakce /
Diagram of heterogenic photocatalytic reaction

Keywords: titanium dioxide, disinfection, photo-catalysis,
bactericidal effect

1 INTRODUCTION

Some poorly accessible places in food industry plants can
sometimes bring about a massive contamination of the whole
production sector; localization of the contamination focus and
its elimination usually required intensive effort and deep pro-
fessional knowledge.

A novel revolutionary disinfection method is the possibility
of surface application of a protective film containing TiO5,
which functions as a photocatalyst and, on illumination with
visible light, emits into the environment free hydroxyl radicals.
Owing to their bacteriostatic and bactericidal effect, these ra-
dicals disinfect surfaces and the environment without the need
of using other chemical agents.

The use of the ultrafine TiO, as a photocatalyst with a high
antibacterial affect appears to be more economical and envi-
ronmentally friendly than the application of chemicals such
as chlorine, hypochlorous acid, UV light or ozone.

TiO; is firmly bound in the surface film coating and is not
released into the environment. The method is free of the risk
of insufficient liquidation of residual chemicals used for sani-
tation. Neither the final food products not their intermediates
are directly UV-irradiated. TiO, can be applied on both rough
and smooth surfaces, and a convenient modality of its use is
its coating of very small glass beads.

2 PRINCIPLE OF THE METHOD

The antibacterial effect is based on the following hetero-
geneous photocatalytic reaction:

Particles of the semiconductor-photocatalyst first absorb
photons to give rise to a pair of charge carriers:

Tio, = s he s e

where

e is an electron in conduction band

h* is a hole in the valence band representing in fact a fre-
ely mobile charge

hv is the energy of a photon of the impinging radiation

h is the Planck constant (h = 6.626 x 1034 Js),

v is the frequency of the radiation (s™)

Owing to their high oxidation potential, positively charged ho-
les promote a one-electron oxidation of a water molecule that
gives rise to a highly reactive pro-oxidant, the hydroxyl radical:

H;O+ h* — OH" + H*

Dissolved oxygen is an elec-
0 tron acceptor and its reduction
yields again hydroxyl radicals:

vrstva anatasu/ anatase layer 0.+3e +3H— OH +H,0

The reaction of the hydroxyl
radicals so generated with orga-
nic substances causes their de-
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gradaci molekul organickych latek. Katalytické ucinky vyuzi-
vajici energii svétla trvaji omezenou dobu — pusobi pouze bé-
hem osvitu.

Velmi zjednodu$ené by bylo moZno cely prubéh reakce
znazornit schematickou kresbou na obr. 1.

3 PRIPRAVA NOSICU FOTOKATALYTICKYCH VRSTEV

Oxid titani¢ity obecné krystalizuje ve tfech polymorfnich
formach — jako brookit, anatas €i rutil, pfipadné ve smési krys-
talickych forem, pficemz nejvys$si fotoaktivitu vykazuje ana-
tas. Zminéné krystalické formy mohou byt pfipravovany riz-
nymi technologickymi postupy ve formé prasku, poviaka na
vhodnych substratech, ¢i tenkych vrstev vzniklych povrcho-
vou krystalizaci skel.

V roce 2000 byl autorim ¢élanku udélen patent [1] na zpU-
sob sanitace a dezinfekce pevnych povrchi pomoci bakteri-
ostatického a baktericidniho ucinku oxidu titanic¢itého. Pfi jeho
piihlasce bylo vychazeno z vysledki zkousek provadénych
s fotokatalyticky upravenymi materialy ceské provenience vy-
vinutymi firmou LASAK. Uprava povrchu byla provedena za
podpory GA CR v ramci projektu €. 106/00/1527.

K pfipravé povlakd pevnych nosi¢l tenkymi anatasovymi
filmy bylo pouzito tzv. metody sol-gel [2, 3]. Jako prekurzor k pfi-
praveé titandioxidovych materidl( byl pouZit tetraethyloxid, resp.
tetraisopropyloxid titanu a vlastnim vychozim médiem k pota-
hovani nosiél pak byl roztok kyseliny tetraisopropylesteru ky-
seliny tetrahydrogentitanicité (Merck) o koncentraci 0,06 mol/l.

Jako pevné nosice byly zvoleny rizné typy substratt — mik-
roskopicka podlozni sklicka, tabulové sklo, keramické dlaz-
dice, kiemenné trubice, sklenéné balotiny rlznych pramér(
atd. Tloustka vrstvy povlaku byla regulovana rychlosti poma-
Iého a rovnomérného taZeni potahovaného sklenéného sub-
stratu z titanového roztoku pfipraveného piesné definovanym
zpusobem. Identifikace z hlediska obsahu anatasové faze
byla potvrzena difrakéni RTG analyzou.

Biologicka uc¢innost praskovitého TiO,, podloznich mikro-
skopickych skel, balotin a keramickych dlazdic povrchové
oSetfenych jeho vrstvou byla kontrolovana v mikrobiologické
laboratofi VUPS, a.s.

4 POUZITE KMENY A PUDY

Jako testovaci kmeny byly pouZivany: kulturni kvasinka
Saccharomyces cerevisiae var. uvarum ssp. carlsbergensis
¢. 95 Sbirky pivovarskych kvasinek VUPS, a.s. a G-bakterie
Escherichia coli DH 5. ze sbirky Laboratofe enzymovych
technologii MBU AV CR. Pfi jednom testu byl rovnéz s klad-
nym vysledkem pouZit Lactobacillus brevis — identifikovany
izolat z piva [4]. Pfi dalsich pokusech jiz nebyl vyuzivan pro
dlouhou dobu rustu.

Tyto mikroorganismy byly zvoleny ke zkouskam z hlediska
potfeb napojového, a pfedevaim pivovarského priamysiu.

Kvasinky byly péstovany na sladinovém agaru (Wort agar
— Merck) s pfidavkem tetracyklinu a Escherichia coli DH 5o.
na Chromocult coliformen agaru (Merck). Kultivace izolatu
Lactobacillus brevis byla provedena na MRS agaru s pfidav-
kem actidionu a p-phenylethanolu [5].

Pfi vSech testech byla sou¢asné provadéna kontrola za
pouziti nosice stejného typu bez povrchoveé Upravy titanem.

5 PRACOVNI POSTUP

Podle typu zkou$eného nosi¢e byl vysev provadén stérem
(podlozni sklicka, dlazdice, trubi¢ky z kfemenného skla) nebo
oplachem (balotiny, nepravidelné Castice).

1 g balotin potazenych vrstvou TiO, byl vioZen na 10 min
do mikrobialni suspenze o znamé koncentraci kontaminace,
ktera byla pfipravena pomoci stupnice McFarlanda [6] a kon-
trolovana vysevem na misky se selektivni pevnou agarovou
pudou. Po této dobé byly balotiny vyjmuty ze suspenze a na
Petriho misce byly po uréenou dobu podrobeny osvitu zafiv-
kou ve sterilnim laminarnim boxu. Intenzita osvitu byla

gradation. The catalytic effects driven by the light energy per-
sist for only a limited time, viz. during the illumination.

The overall reaction sequence can be schematically de-
picted as follows (Fig. 7).

3 PREPARATION OF PHOTOCATALYTIC FILM CARRIERS

Titanium dioxide generally crystallizes in three polymorp-
hic forms — as brookite, anatase or rutile, or in a mixture of
these crystalline forms. Out of them, anatase displays the hig-
hest activity. Individual crystalline forms can be prepared by
different technological procedures in the form of powders, co-
atings on suitable substrates or thin layers arising by surface
crystallization of glasses.

In 2000, the authors of this paper obtained a patent [1] for
the method of sanitation and disinfection of solid surfaces by
means of the bacteriostatic and bactericidal effect of titanium
dioxide. The patent application was based on the results of
tests performed with photocatalytically modified materials of
Czech provenance, developed in the LASAK Company. Pre-
paring of anatase layers was supported by GA CR.

The coating of solid carriers with thin anatase films was
accomplished by the so-called sol-gel method [2, 3]. The pre-
cursor used for preparing titanium dioxide materials was tita-
nium tetraethyl oxide or tetraisopropyl oxide, and the actual
starting medium for the carrier coating was 0.06 molar solu-
tion of tetraisopropylester of orthotitanic acid (Merck).

The solid carriers included various types of materials — mic-
roscopic slides, sheet glass, ceramic tiles, silica tubes, glass
beads of different diameters, etc. The thickness of the coating
film was regulated by the speed of a slow and uniform drawing
of the glass substrate to be coated through a titanium solution
prepared by an exactly defined technology. The content of the
anatase phase was confirmed by diffraction X-ray analysis.

The biological efficiency of powder TiO,, microscopic sli-
des, glass beads and ceramic tiles surface-coated with TiO,
layers was checked in the Laboratory for Microbiology, Re-
search Institute of Brewing and Malting, PLC.

4 STRAINS AND MEDIA

The following test strains were used: culture yeast Sac-
charomyces cerevisiae var. uvarum ssp. carlsbergensis, no.
95 in the Collection of Brewing Yeasts of the RIBM and the
G- bacterium Escherichia coli DH 5 from the collection of the
Laboratory of Enzyme Technologies, Institute of Microbiology,
Academy of Sciences of the Czech Republic. Lactobacillus
brevis — an identified isolate from beer — was also success-
fully used in one test [4], but was not used in subsequent tri-
als because of its slow growth.

These microorganisms were selected for the tests in view
of the needs of the beverage and especially food industry. The
yeast was cultured on wort agar (Merck) with an addition of
tetracycline, Escherichia coli DH 50. on Chromocult colifor-
men agar (Merck). The Lactobacillus brevis isolate was cul-
tured on MRS agar supplemented with actidione and B-phe-
nylethanol [5].

All tests were conducted with parallel controls including the
use of the same carrier without the titanium surface film.

5 PROCEDURE

Depending on the type of the carrier, the inoculation was
done by swabs (microscopic slides, tiles, silica tubes) or by
immersion (glass beads, irregularly shaped particles).

An amount of 1 g glass beads coated with TiO, layer was
placed for 10 min into a microbial suspension with known con-
taminant cell concentration, which was prepared by the pro-
cedure according to McFarland [6] and checked by plating on
a selective agar medium. After this interval the glass beads
were taken out of the suspension, placed on a Petri dish and
exposed for a given interval to an irradiation by an incandes-
cent lamp in a sterile laminar box. The radiant flux density/ul-
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4,1 W/cm?. Po uplynuti této doby byly prevedeny do steril-
niho fyziologického roztoku, kterym byly oplachnuty mikro-
organismy pfezivsi po osvitu. Po nasledné membranové filt-
raci byl filtr vioZzen na selektivni agarovou pldu, na niz byly
po uplynuti 24 h odeéteny poéty bun&énych kolonii, odpovi-
dajici jejich pocétu. Kontroly se provadély obdobné, pouze
k nim byly pouzity balotiny nepotazené vrstvou TiO,.

V pfipadé testovani mikrobiologické ucinnosti titanového
povlaku u rovnych povrcht bylo postupovano obdobné — na-
nesenim kontaminujici suspenze na povrch materialu, na-
slednym osvitem a kontrolou poétu pfeZivSich mikroorga-
nism metodou stérd.

6 VYSLEDKY A DISKUSE
Jako prvni probihaly zkousky t€innosti v asové zavislosti
— pocet prezivSich organisml v zavislosti na dobé& osvitu
(tab. 1).
V pfipadé v&ech zkouSenych mikroorganisml dochazelo
po 30 minutach osvitu ke sni-

luminance was 4.1 uW/cm?. After this irradiation they were
transferred into a sterile physiological saline to wash off the
microorganisms that have survived the irradiation. The resul-
ting microbial suspension was membrane-filtered and the fil-
ter was placed on a selective agar medium. The numbers of
colonies corresponding to the count of surviving microorga-
nisms were determined after 24 hours. Controls were done
analogously with glass beads without TiO, coating.

The tests of the microbicidal efficiency of titanium coating
of smooth surfaces were performed in an analogous manner.
The contaminating cell suspension was applied to the surface
of the material, the surface-contaminated material was then
iluminated and the number of surviving microorganisms was
checked by means of swabs.

6 RESULTS AND DISCUSSION
The first test concerned the efficiency of the treatment, i.e.
the counts of surviving microorganisms as a function of time
of illumination (Table 1).

Zeni vychozi kontaminace o 6
fadu, po hodinovém osvitu
pak byly vSechny testované
vzorky biologicky naprosto
Cisté. V pfipadé izolatu Lacto-
bacillus brevis s vychozi kon-
centraci 2.105/1 ml byly vy-
sledky obdobné.

V dalsi fazi zkousek byla
porovnavana ucinnost povr-
chového povlaku provede-
ného pfi rhznych vypalova-
cich teplotach v rozmezi od
300 do 800 °C (tab. 2). Pri
téchto zkouskach byla pou-
Zita doba osvitu 30 minut.

PFi vypalovaci teploté nizsi
nez 500 °C krystalizuje TiO;
ve formé anatasu, pfi vyssich
teplotdich se metastabilni
anatas méni na biologicky
meéné ucinny rutil, jehoz podil
pak v nanasené vrstvé
vzrusta. Tim je moZno vysvét-
lit vétsi mnozstvi prezivSich
mikroorganismua pfi vrstvach
pfipravenych za vysSich vy-
palovacich teplot.

Zkousky s rznym zastou-
penim oxidu titani¢itého byly
provadény pfimo s krystalic-
kym materialem. Jejich vy-
sledky vyjadiené v procen-
tech jsou uvedeny v tab. 3.

Dalsim dulezitym cinitelem
pro sledovani antibakterial-
niho Gcinku povrchové tita-
nové vrstvy byla jeji sila, resp.
tloustka, zavisla na dobé ta-
Zeni pfi pfipravé vrstvy. Ta byla
zkou$ena za pouZiti bakterie
Escherichia coli DH 50 a no-
sitem byla povrchové upra-
vena mikroskopicka podlozni
sklicka. Vychozi bakterialni
koncentrace se pohybovaly
od 5 x 10° do 5 x 10° bunék/1
ml. Souhrnné vysledky testu
jsou uvedeny v tab. 4.

Z uvedenych vysledkl je
patrné, Ze vytvofené povlaky

Tab. 1/ Table 1 Balotiny (Casova zavislost)/Glass beads (colony for-
ming units at different times of illumination)

Saccharomyces cerevisiae var. uvarum ssp. carlsbergensis sbirkové
¢. 95/ collection no. 95

Osvit/ Pocatecni
Illlumination 10 200 300 40 50 60 koncentrace/
Initial
concentration
Sarze KTJ/ [buriky/1 ml}/
Batch [CFU] [cells/1 mi]
1 NP/UA 500 O 0 0 0 5x10°
2 NP/UA 600 O 0 0 0 5x 108
3 NP/ UA 800 1 1 0 0 5x 108
4 NP/ UA 1800 0O 0 0 0 5x 108
5 24 0 2 0 0 0 5x 108
Kontrola/Control | NP/ UA - - - - NP/UA 5x108
Escherichia coli DH 5a
1 NP/ UA 600 4 5 1 0 2x 108
2 NP/ UA 1000 21 6 4 0 2x10°
Kontrola/Control NP/ UA - - - - NP/UA 2x10°

NP — nepocitatelné mnozstvi /UA — uncountable amount KTJ — kolo-
nie tvofici jednotky/ CFU — colony forming units

Tab. 2/Table 2 Vliv vypalovaci teploty poviaku TiO. na baktericidni uci-
nek vrstvy(mikroskopicka podiozni sklicka) /Effect of baking tempe-
rature of TiO; films on the bactericidal effect of the surface coating
(microscopic slides)

Vypalovaci teplota/ S. cerevisiae Pocatecni koncentrace/
Baking temperature (30 min) Initial concentration
[°C] [KTJ]/ [CFU] [buiky/1 ml] /[cells/1 mi]
300 1 5x 108
350 0 5x10°
400 3 5 x 10°
450 2 5x 108
500 4 5x 108
800 6 5x 10°
Bez povlaku/Without TiO, film | NP/ UA 5 x 106

NP — nepocitatelné mnozstvi/UA — uncountable amount KTJ — kolo-
nie tvofici jednotky/ CFU — colony forming units

Tab. 3/Table 3 Praskovity krystalicky preparét TiO. / Crystalline TiO,
powder. Saccharomyces cerevisiae var. uvarum ssp. carlsbergensis

% Ucinnosti vztazené ke kontrolnimu vzorku /
Percent efficiency relative to a control sample:

Zastoupeni krystalickych fazi

Proportion of crystalline forms polafter 20 min po/after 30 min
Anatas /Anatase 100 % 88,4 99,6
Anatas / Anatase 50 %

- rutil / rutile 50 % 784 80,8

With all microorganisms
under investigation, a 30-min
illumination brought about
a lowering of the initial con-
centration by six orders of
magnitude while a 60-min il-
lumination completely freed
all samples of microbial con-
tamination. The Lactobacillus
brevis isolate with an initial
cell concentration of 2 x 105/
1 ml gave similar results.

Another test run was de-
voted to comparing the effici-
ency of TiO, surface films for-
med at different baking
temperatures in the range of
300 to 800 °C (Table 2). The
illumination time was 30 min.

At baking temperatures
below 500 °C, TiO, crystalli-
zes in the form of anatase
whereas at higher tempera-
tures the metastable anatase
is converted into the biologi-
cally less potent rutile, whose
proportion in the film increa-
ses accordingly. This can ex-
plain the higher counts of sur-
viving colony forming units
found with TiO, films baked at
higher temperatures.

Table 3 shows the results
of efficiency tests performed
with titanium dioxide contai-
ning different proportions of
individual forms of TiO,. The
tests were carried out with
crystalline powder materials.

Another factor important
for the antibacterial effect of
the surface titanium dioxide
film was its thickness, which
depended on the time of dra-
wing during its preparation.
Its effect was monitored in
tests performed with the bac-
terium Escherichia coli DH 5
and with TiO,-coated micros-
copic slides as carriers. The
initial concentrations of the
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maji znaénou schopnost nicit
mikroorganismy. Vrstvy tenci
nez 0,04 um vykazovaly ve
zvoleném ¢asovém Useku
nizsi biologickou uéinnost. Vr-
stva o sile 0,15 um jiz byla pfi
mikroskopickém pozorovani
zna¢né popraskana v do-
sledku vysychani nanase-
ného gelu, pfi kterém dochazi
k velkému smrsténi. Méla
v8ak stejnou ucinnost jako

Tab. 4 / Table 4 Vliv tloustky TiO. vrstvy na jeji baktericidni ucinek /Ef-
fect of the TiO; film thickness on its antibacterial efficiency

Tloustka vrstvy / Rychlost tazeni / KTJ po 30 min. osvitu /
Film thickness Drawing speed CFU after 30-min
[um] [em/min] illumination
0,04 4 19
0,07 6 1
0,10 10 2
0,15 20 1
Kontrola / Control 0 NP / UA

NP — nepocitatelné mnozstvi/UA — uncountable amount KTJ — kolo-
nie tvofici jednotky / CFU — colony forming units

bacteria were in the range of
5x 10°to 5 x 109 1 ml. The
results are shown in Table 4.

The results show that the
surface films have a conside-
rable ability to kill microorga-
nisms. Films thinner than
0.04 um exhibited a lower bi-
ological activity after the gi-
ven illumination time. Micros-
copic examination of the film
with a thickness of 0.15 um
showed its considerable crac-

vrstvy neporusene.

7 ZAVER

Pfi porovnavani bakteriostatické a baktericidni G¢innosti fo-
tokatalyticky aktivnich vrstev krystalického oxidu titani¢itého
byly sledovany parametry tykajici se jejich pisobeni obecné
a odchylky v jejich ucinku vlivem zplsobu jejich pfipravy. K tes-
tovani byly vybrani zastupci mikroorganismud nezadoucich ve
vyrobcich napojového pramyslu. Z vysledki Ize usoudit, Ze
* v ¢asové zavislosti na plsobeni doby osvitu za 30 minut se

snizi pocet piezivsich jednotlivel nejméné o 4 fady a do 60
minut dojde k totalni destrukci vSech pfitomnych jedincu,

* (¢innost krystalické vrstvy oxidu titani€itého ve formé ana-
tasu je vyssi nezli ve formé rutilu,

* sila vrstvy od 0,07 do 0,15 um ma stejné antibakterialni
ucinky, pfi mensi tloustce vrstvy je tfeba zvolit del$i kontaktni
dobu.

Obecné je baktericidni uginnost téchto povlaki pfinej-
mensim srovnatelna s ostatnimi bézné pouzivanymi sanitac-
nimi a dezinfekénimi prostfedky a po pocateéni vyssi inves-
tici vyznamné minimalizuje dalsi provozni naklady na
dezinfekci provoznich prostor.
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king caused by the drying of
the applied gel accompanied by its substantial shrinkage. Ho-
wever, its efficiency was the same as that of intact films.

7 CONCLUSION

Bacteriostatic and bactericidal effécts of photocatalytically
active films of crystalline titanium dioxide were tested. The pa-
rameters studied concerned their general action and its chan-
ges caused by the method of preparation. The testing was
conducted with representative microorganisms undesirable in
the beverage industry. The results indicate that

* A 30-min illumination reduces the number of surviving mic-
robial cells by at least 4 orders of magnitude whereas a 60-
min illumination causes a complete destruction of all cells.

* The efficiency of the crystalline titanium dioxide film is hig-
her when it is in the form of anatase than when it is in the
form of rutile.

» Afilm thickness of 0.07 to 0.15 um has the same antibacte-
rial effects, a smaller thickness requiring the use of a lon-
ger contact time.

In general, the bactericidal efficiency of these films is at le-
ast comparable with that of other commonly used sanitation
and disinfection agents and the higher initial investment cost
is offset by minimized operating expenses for disinfection of
the plant premises.
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Hollerova, |. — Strnad, Z. — Pech, P. — Kosar, K.: Baktericidni G¢inky
oxidu titaniéitého. Kvasny Prum. 48, 2002, ¢. 1, s. 5-9.

TiO, ve své krystalické formé funguje jako fotokatalyzator a pfi oza-
feni svétlem o vinovych délkéch odpovidajicich viditelnému spektru
emituje do okoli volné radikaly kysliku. Jejich bakteriostaticky a bak-
tericidni Uéinek dezinfikuje povrchy a okolni prostfedi bez pouziti ji-
nych chemickych agens. Povrchova aplikace ochranného filmu s jeho
obsahem nabizi provedeni prosté sanitace bez pfidavkl razantnich
dezinfekénich ¢éinidel. Také i néktera Spatné pfistupna mista v potra-
vinafskych provozech, upravena timto zplsobem, Ize udrzet v biolo-
gické distoté pouhym svitem zafivkovych téles.

TiO, je pevné vazan v naneseném povrchovem filmu a do okolniho
prostfedi se neuvolfiuje. Pfi jeho pouZziti nepfichazi v uvahu nebez-
peéi nedostateéné likvidace rezidui chemickych latek pouzitych k sa-
nitaci. Nedochazi k pfimému ozafeni vlastniho vyrobku ani mezipro-
duktu vyroby UV zafenim. Jeho G¢innost je pfinejmensim srovnatelna
s ostatnimi bézné pouzivanymi sanitaénimi a dezinfekénimi pro-
stfedky a po pocateéni vyssi investici vyznamné minimalizuje dalsi
provozni naklady na dezinfekci provoznich prostor. Biologicka ugin-
nost takto osetfenych povrchi byla testovana mikrobiologickou labo-
ratofi VUPS, a.s..

Hollerova, I. — Strnad, Z. — Pech, P. — Kosa¥, K.: Bactericidal Ef-
fects of Titanium Dioxide. Kvasny Prum. 48, 2002, No. 1, s. 5-9.

Titanium dioxide in its crystalline form functions as photocatalyst. Surfa-
ces of solids treated by titanium dioxide emit oxygen free radicals into their
environment when illuminated by an appropriate wavelength of visible light.
Their bacteriostatic and bactericidal effects disinfect the surfaces without
the necessity to use any chemical agents. Surface application of the pro-
tective layer thus should ensure sanitation without the addition of disinfec-
tants. Also any poorly accessible nooks and crannies in food processing
machinery can be biologically cleaned by a mere illumination by an in-
candescent lamp if the surfaces are pretreated with titanium dioxide.

Titanium dioxide is firmly bound in the surface layer and is not rele-
ased into the environment. Its use does not entail the risk of insuffici-
ent removal of residual amounts of sanitation agents. The products or
intermediate products are not directly exposed to ultraviolet radiation.
The efficiency of the treatment is comparable with that of conventional
cleaning agents and disinfectants. The starting capital investment is
higher, but it significantly minimizes the subsequent operating expen-
ses of disinfection of the premises. The biological efficiency of surfaces
with crystalline titanium dioxide was tested in the microbiological labo-
ratory of the Research Institute of Brewing and Malting, PLC.



