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ABSTRACT

Preparation of TiO, Thin Film and Anti-Bacterial Effects
on Pathogenic Bacteria

Yong-Jun Lee, D.D.S

Director : Prof. Ko Yeong-Mu, Ph. D.,, M.SD., D.D.S
Department of Dental Science

Graduate School of Chosun University

Titanium dioxide shows antibacterial effect when exposed to near
ultra violet light. This research aimed to design a new photobioreactor
and its application to sterilize selected food borne pathogenic bacteria,
Salmonella choleraesuis subsp., Vibrio parahaemolyticus, and Listeria
monocytogenes. The photocatalytic reaction was carried out with various
TiO, concentrations and Ultraviolet (UV) illumination time. A feasible
synergistic effect was found that the bactericidal effect of TiO, on all
bacterial suspension after UV light irradiation was much higher than
that of without TiO.. As the concentration of TiO increased to 1.0
mg/ml, bactericidal effect increased. However, the bactericidal effect
was rapidly abbreviated at TiO, concentration higher than 1.25 mg/ml
to all selected bacteria. UV illumination time affected drastically the
viability of all bacteria with different death rate. Similar trends were
obtained from S choleraesuis subsp. and V. parahaemolyticus that their

complete killing was achieved after 3 h of illumination. However, L.
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monocytogenes was more resistant and its death ratio was about 87%
a that time. Streptococcus mutans is one of the more significant
pathogens involved in the development of dental caries in humans. The
purpose of this research was to design a TiO.-coated dental instrument
and to determine the bactericidal effects of the instrument on S
mutans. TiO, photocatalytic films were prepared by the low-pressure
metal-organic chemical vapor deposition (LPMOCVD) method using
titanium tetraisopropoxide (TTIP) as precursor. The photocatalytic
reaction was carried out on a TiO.-coated pyrex petri dish with an
ultraviolet (UV) light emitting diode (LED) illuminator or a fluorescent
lamp light source. Our data indicates that the relative survival ratio of
S. mutans when plated onto TiO, photocatalytic films and under
exposure to UV-A light for 15 min was 0.01%. In addition, a
fluorescent lamp light source aso had bactericidal effects on the S
mutans plated TiO, photocatalytic films. These results indicate that
TiO, coated dental materials or devices may be useful in denta

treatments for the prevention of carious or enamel demineralization.
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Table. 1. Classification of photocatalysts.

Classification Photocatalyst materials

TiOz, ZnO, Nb,Os, WO3, SnO,, ZrO,
Solid SrTiOs, KTaOs, Ni-K4NesO17

(metal oxides and sulfides) Cds, ZznS

CdSe, GaP, CdTe, M0Se,, WSe,

Liquid [Ru(bpy)s]**, Co complex, Rh complex
(homogeneous metal complex etc.) Polyphillin derivatives(Zn, Al, M)
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Fig. 3. Process of photochemical reaction™”
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Fig. 6 Schematic diagrams of hole and eectron
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Table 2. A characteristics of anatase and rutile™.

Anatase Rutile
U White pigment, use of | White pigment etc.
e
photocatalyst broadly use of industrials
- Tetragonal system - Tetragonal system
. - Highest activity - Coloring power was
characteristic ) .
- Changes to rutile at excellent as a white
900 C. pigment
- Stable in thermally
- To prevent blazing of
T - paint, photocatalyst
lﬁﬁzfg I activity decreased and
' = surface was coated by
Crystal ] aluminium oxide and
T silicon oxide
structure '
r/i
=

o f-- 8§10
3

£\

od Ti
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Table 3. Fixation method of photocatalyst.

o Raw Use of characteristic Problem and
Method of fixation ) _
materials example and advantage disadvantage
Activity
surface
Pigments, was decreased
Mixing of Titanium paper, glass by
. . Easy to i
photocatalyst and dioxide fiber, cement binder,
. ) manufacture )
other materials power curing agent Separation
etc. of power,
Abrasive of
binder
Titanium
Method of surface Metal dioxide
oxidation in oder titanium, electrode, Thin film in | Small size of
to photocatalyst Alloy plate Titanium metal plate specific area
film building
material
transparent
After liquid , .sp.
Organic thin fim,
photocatalyst was T . Needs of
titanium Glasses, Specific area o
pasted, Method of _ calcination in
) compound, Metals, is large as i
photocatalyst film o . o high
) ) Titania Ceramics etc. the mixing of
in the processing , temperature
sol organic
of heat treatment
compound
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Table 4. Kinds of pathogenic bacteria and precaution method
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actinobacillus actinomycetemcomitans

bacteroides forsythus

campylobacter rectus

camplobacter sputorum
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A F Ade 949 8o 7%= AFILY TR FEE pHY 2%,
T5Y BETETE, HFAZ To 9SS Wet F pHF 91 2E27F =
STE 940 TRV T w3 Aol AEE Fle R
2+ 2 : HOCI > OCl > chloramine
Hae dAZATs &34 AT dd9Ad HAdd (A 58 st A

g Aol Fef =T 4

H7F A
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A2 EFE(NaOCD, F=2227](Ca(OC2), ©14h8d 4 (Cl02) Fol A +
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. HEv)e 475D
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S 60l A 1203 Z=AF AS W TiO.-Pt FHwfo] HEHe nAES AE
HA RaEAn. 2 o]F 2 TiO; #FHwo Aol e d+57F 2
AstA Y=o npole 2 wFo], 7 B AR o227 7A] vge 4
T7F R Ee] HFHAJAG. mAE] APEY FH dQoRE mAEY AX
Hol| gFufol A g wgA o] gk rzte] ¥AS wol B EHEA AL
o o]Ene o] 8ol AAH=E Wol 5o X1 9t} Fig. 9% tAto] oy
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Outer membrane —————————

Peptidoglvean

0, -0H

Cytoplasmic membrane j

Peptidoglyean -

L Cytoplasmic membrane  —

Fig. 9. Schematic illustration of the process of E. coli photokilling on TiO, film.

In lower row, the part of cell envelope is magnified.
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Fig 10. AFM images of E.coli cells on the TiO; film: () no illumination

(b) illumination for 1 day, (c) illumination for 6 days.
Light intensity was 1.0 mW/cm®
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A 1A HEA Tior FEv) MgE o4 AF5E
37}
1. 23A =
AP Al FEv AsE BE¥EEA dE Yakuri 498l A
Thagh Ase] Beld 54ge G 2o
Anatase Surface area porosity size porosity volume
98% 2.95m°/g 409A 0.06 ml/g

w3 g Ago] o]g3 F5 S choleraesuis subsp. ATCC 14028, V.
parahaemolyticus ATCC 17802, ¥ L. monocytogenes ATCC 15313 KCCM
(Korean Culture Collection of Microorganisms, Seoul, Korea)oll ] <] &} %1 t}.

A= v 22 wAS AREse] 36T 244)%F vl ek A

Microorganisms | S choleraesuis V. parahaemolyticus L. monocytogenes

Medium Typtic soy broth TSB + 3% NaCl brain heart infusion

Typtic soy broth (TSB)= =Y MerckAloll A F+ 43133z, brain heart infusion
(BHI)= m] = Becton DickinsonAell Al =i stsitt. +1e stocke 300 ml
g ZetaAe 50 mle wiAS Wi Ao wukstHA 244 7F ot vl ok
stttk A v AELS 4000 rpmel A 158 ek dAlwE ¢ F A55A
th amdelel gl aggols Wir®  phosphate-buffer saline (PBS, pH 7.2)2
Abgshel oWl Al AR § PBSel S Askith wiEe = NaCl 3 %7k &
A SRFE F A AA G F Rasdn BE vAES AP ALE

=l

o
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2]

Fig. 11. Batch reactor system for anti-bacterial test.
A: UV-A lamp B: Sampling tube C: Magnetic stirrer

D: Air filter E: Water bath F. pyrex reactor
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(A) (B)
Fig. 12. Experiment apparatus for photocatalytic reaction system: Panels (a),
schematic diagram of photocatalytic reaction system; (b), schematic diagram of
triple annular photocatalytic reactor. A, sampling tube B, varistaltic pumpC,
thermo-circulator D, UV power supply E, photocatalytic reactor F, cell suspension
vessel G, magnetic dtirrer H, UV lamp.
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A 4 A UV LEDITIO; #Zv] Al =gl & o] &3
TRAMAE FHEHL

1. 23 A=

2 Age AE" TiO, F=Fv dishe A SEskstr) 35 2 (Low-Pressure
Chemical Vapor Deposition) = o] -&3to] wHg+¥ ltorr, A2=% 773 K, ®F
SAIZF 1AI7Fe] wrSexA o ® A% 60mm pyrex petri dish W0 TiO, <
ARA A #Fu dishg Azxzsdch =g A FPolA &gk Sreptococcus
mutans ATCC 25175'= American Type Culture Collection(ATCC, University
Boulevand, Manassas, VA, USA)oll A 1 5to] AL&3FA T S mutans o+ A
el ul) #] o1 mitis salivarius-bacitracin(MSB; bacitracin &%+ 0.5 pg/mL) 33 uf ]
of sl 37 T2 Candle jaroll A1 48A13F vl 3l S mutans 59
A Al ol A o] v F> MSB ghxd vl # ol A Apepd Alvt T 1 otehs A 3 o
Todd Hewitt broth(TH broth, Difco, Lab., Detroit, MIl. USA)dl HF35to3, 37 C
COx At i F7loll A 2443 v Fate] thao Aol ol &3kt

B Ao AbgE B xAE R 2 UV-A LED arrayE Fig. 139 vheRW Qo).
UV LED(Nichia, Japan):= 3x37) ¢ wjad= wjxstglow, UV-LED® % =
A EEE 6dAlE 2d A AFE Y, vavE #e]xE o] £3)
of o]l 9 AE AFHA 24 VFsIEE A&t E=d FSujrt
FTEE petri dish WiiEwo]l XAE = UV-A #FFS  quantum photo/radio
3.

v
meter (Deltachm, HG 9021, Itdly)= =& Z ¥} 3.0 Wim® & ey
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3. 23

S mutans 7= 30 mLe TH brotholl 4 244 7F wjk3k 3 enzyme-linked
immunosorbent  assay(ELISA)E  ©] §-3}7] ¢1ste] microplate reader (EL311SX,
BIO-TEX Instruments Inc., Cortland, NY, USA)S A}-&3}o] 450 nmoll A 2] &%
=43 % 1xPBS® S mutans 7} 10° CFU/mL7} ® %2 348 wjok
ol 800 pL= TiO7} Z¥W ¥ A E 60 mm pyrex petri dishsol] ®F3to] UV
LED= A zg BxA7]12 o] &3t UV-A (385 nm)E zAbelgich. o wf 2
Ao oo 2o 1) gExaoez UV-AE 2AEHA @3 TiOrt 2 ' 5 A
TFE 5ot Aol FolkE 3, UV-As XAtst
AA T TiO7t ZE = A &2 pyrex petri disho] #F2 233 +5 4459
o, 2) APTFo=2E TiOF ZEE pyrex petri dishol] #F& &5319
UV-AE 2413 +& AAsdd. =3 335 (FL20SD/20, Kumho, Korea)oll A
Q= THA A T TiO, FEFwe &4 ZIE dotrR7] #s TiOt
IH ¥ pyrex petri disholl 55 #5353 FF 5ol A oF 2 m ozl A
o Fx ¢ IS FASAG. & APelA UV LED FxAt7]9F pyrex
petri dishe] A= 1 cm AE9 wololx ZASIH o, 258 FoF 58 (HA
o= Al &AL AHs] MSB @ ujA o] Zgate] 37C CO; Alat vl
710l A 24A12F v eFsto] @Al FAE AT e FE AA TIO, #F

Wle) A whE SA 59

il

o 1

er o pyrex petri dishol

o)

<
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UV-A LED Array

Fig. 13 Light illuminator apparatus and UV-A LED array for photocatalytic
bactericidal effect. (A)UV-A LED, (B) UV-A LED Array, (C) Magnetic base,
(D) TiO, coated pyrex petri dish.
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Fig. 14. Effect of TiO, concentration and near-UV irradiation time on viability of
bacteria. A : S choleraesuis subsp. B: V. parahaemolyticus C: L. monocytogenes
(e, dark; o, only UV light; A, UV+TiO; 0.25mg/ml; A, UV+TiO, 0.50mg/ml;
m, UV+TIO; 1.00mg/ml; o, UV+TiO, 1.25mg/ml)
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Fig. 16. Bactericida effect of photocatalytic reactor depending on the UV-A
illumination time and flow rate of V. parahaemolyticus suspension. Panels (A),
100 mi/min (B), 250 mi/min (C), 500 mi/min (@, dark; H, UV; A, UV+TiO,).
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Fig. 17. Bactericidal effect of photocatalytic reactor on S choleraesuis subsp.
Symbols @, dark; H, UV; A, UV+TiO..
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Fig. 18. Bactericidal effect of photocatalytic reactor on L. monocytogenes.
Symbols @, dark; H, UV; A, UV+TIO,.
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Fig. 19 Algicida process of TiO, photocatalytic reaction against cultured C.
polykrikoides
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Fig. 20 Algicidal effect of photocatalytic reactor on C. polykrikoides
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