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A FHWTHRBEEREIToT2, F7o, WA A 2RINT
HZETELRRDIEMN DM E&2 BIEL ., SIS ESREET 7
— U RNEMAGIREE O BREMRFTL . £ D AT =X LOfiF
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2. AR A&
2.1 ZEEFRUEBIEDER

TR LT B a—T 4 TR (B A vy CZP223%, R
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) Blco®, A a—&— (I ) 2
TRV a—T 4 XA LTz, BAfitk, 1000CT 10
min B 7o, BT 2L (TIO, MR 13 /ESUR
R S TIRAF LT,
2. 2 J7—UREMILEER

HARTEPEALFEBRIZIB W CTRIGE T 77— MS2 (ATCC
15597B1) Ofg EEL THWA=HIZ, E. coli #lifa (ATCC
15597) Z153 LTz, RS s HIIE, 288K 1 L H47=0i2,
10 g @ Polypepton (FIYEH{RE T 36415Y) | 5 ¢ Bacto Yeast
Extract (Difco Lab. #1:8Y) | 5 g ® NaCl(FiyGhisk T236) &
%, 1N NaOH KiEEAZHWT pH 7.2 ITFRHEEL -
L-broth &V 7z, L “FHERERE | AT K528 55 1 10 mL
(2. E. coli fifazhnz . 37°CT 20 hiRG L L7-, EBRT
W=7 7=k f1d, ZEFERIEICE > TS E T,
FPLBRE 1 x 10" cells/L &72H X512 E. coli ZRFEBL 7=
0.5% agar % & T e#kFER L-broth 10 mL Z78IL, Zha
L-broth ZEX 7L —h(1.5% agar) FIZHiLIAFA, SHIZ
MS2 J&#E 0.02 mL A3 FL, 37°CC 24 h 158 L7, £F
B DRIER A AT 27 TR, 20 mL OAF %L
sk PSRBT 1,200 x g, 4°CC 25 min =050 BfEL 72,
O % O _ IR AT 4V 2 — (Millex-GV, FLEE 0.22
um, Millipore #E84) Z W ClEEL | 8% 4CTHRFL
77

ANFEBRC - BRI E A Fig, 1 (R d, RIGTE(EE
BR OO IR IR A A5 64T (FLR20SEX-N/M-HG, NEC
D 2 A%z, TIO, HiEY 7 )V LR E DA
FALSEHIEITIY | HBREZFTE DEICER E LT, 2
[ERe e UNE R AN e S LD Byl

VERLL 7= TiO, I C > Uz 2 A (S 40 mm x
40 mm, P£E 30 mm x 30 mm, & 2 mm) ZHOAHT | #
N TiO, A% 9 cm® & L7, JlE K% 0.1 N NaOH

IKEFHEET=130.1 N HCIKE 2 VN CRTE O pH I F#E
URIEL TR =7 7 — VIR 2 AR L CHI M N,
=1x10" PFU/mL &L, SOSEEL T 2 mL 2N FL
720 RERIEECERE L, PTE O IR T H @6k 2 1R
FHLT7 77—V REMHAC OGS Z B LT, BRI W
TiO, L, R OFHEMEIVRS =D FHICT T
A NREAAT 570, ROGBRAG BT ERF A 0.1 mL
BTV Ui, BTV T DRRE, BT 47T
B LSBERL CobA T o7z,
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Fig. 1. TiO, EIC L5 7 7 — U ARIH A b S B

SUGERMHEERUT SO 0.1 mL %, 3 S =288
KW THBEARUZ%, HRETOREGE7 7—
MS2 % " EFE KRB THFES Y, OISR O 77—
CIiET T — 7 NEIZLVR L, B LZ E.
coli ZIEE 1 x 10" cells/mL £725 X IGHBL 7-#kFER
L-broth (0.5% agar) 10 mL (2, 77— % & e Rk 0.1
mL % FL, Z41% L-broth (1.5% agar) K7L —h kiZ
TRLIAZ, S5I1237°C T 24 h BE& LT, BERi%I0, 77—
DITREG LT RIBE DS 3528 T R CHZEL
T RBEPICEND T T —7 O¥%E 17 N BROGIEF
D7 7= i N ZR LT,

2.3 fAMAVBLV—OHIADEE

SR HUZIRANL 72 CuCly, SR DEA A D TiO, s
OB A ARDTD | — MDA A LR A
REDREZAT STz, 72k, AMEFITBWTUISERTE
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ROAHEIZREDL T, — i ThHLHA A% Cul), Al
THHHAA % Cu(ll) EEFLT D,

OGS AR O—Afi DA A DIEFE% Cu(l) FL—H—
T& %5 bathocuproine disolfonic acid (BC) & AV CHlE%
17721 0.01 mmol/L @ CuCl, Z& teA A A4k 2 mL
AT T AT L —REI21E TiO, W26 L CHTED
JEBREE (1g = 0, 28 W/m®) D [ AT RS 21TV, FTE
RFIZ L1 0.6 mL D BUSHKZBRIRL | &R 0.05
mmol/mL £72515 0.03 mL @ BC ZN1x., SOGRDW%
AT IVERIE LTz, WOtEFHE VTR 480 nm C
HIEL ., A%, e=1.2 x 10* m*mol % FH T Cu(l) 72
AL,

FOSE I ZHSINUT= CuCl, FSRDEHA A BT 77—
REHALTICZDEEAAL (Cu(D), Cu(l)) ELTHEFIZ
EREL TODD HDOWIEEREL THT L TV D02 1
D120, LN OREELT o7, TIO, #FEIZ Y=
I ABOFE BT, BN A A A8 MK ET2 X 100
mmol/L @ NaCl #&i% 3 mL & ANUARTEME L R E[RIEEIZ
20 W F BT % 28 W/m” T 40 min 35108 80 min FR5
L7c, Z0% . 2mL a7V 71, 022 um DA T Ly
T4 H—% W CEE L T ICP-AES (ICAP-575 Markll,
HARY Y —L 7wy ot i) I X0l EETTo 72,

3. IE#HER
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ITHRS T B3R 1,=28 W/m?) | TiO, i ¢, 77—
RIGEMALEFT T, Fig. 2 1277 — U RIEMEALORREZE
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(I ALY, FEBRCTHWZRE TIL NaCl O&D
PLEZD RO R E R W RN RN, — 07,
CuCly DHE RIS G T D 7RiEMED W) LA BB
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HEPFENDZEDRENT,
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3. 1. 2 BROEHTTORAERE

TiO, [ T84 L NaCl DOATEHALR) FA %t
9% NaCl JEDFEEZ T~ Fig. 3 \TR”T LT,
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3. 1. 3 EHRLIZHES T HEMEAF > OIRELE

TiO, L CuCl, DIEMER EDOJRIK LA D A4 Fli%
TAARDIDIT, O IR 2 VT TiO, MR _E TR
D7 7=V RIEMALFZBRZ T T2, FEBRITIE NaCl DL
A ThHDHNa" DRREFIRD72DIZNaNO; %, CI' D
NRETARDHI2DIZ KCl 2F - ENIRIML T 7— VR
TEPEAGIT 62 508431 ~~7= (Table 1),

Table 1. 77— ARG MEA I B E BT M T3 MR &
CuCl, DHNE-

k> [10” min™]
CuClz
Inorganic salts (100 mmol/L)
[wmol/L]
None NaCl KCl1 NaNO;
0 2.6 2.5 1.8 53
10 3.6 10 11 7.8

KCl Z¥ML7Z854A . NaCl ZRINL7-85A LRERIC
KCl OAREPIMUIZG ST O m ERALT,
CuCly LIRIRFCIRINLTZ 56 B LWIEEO M BB
720 EHUTKIL, NaNO; ZUSINL 72356, HIAE B LD
TiO, 5 EI2E1T25 NaNO; D ADIRINTHL 77— D
RIEMAC R D A DI, F72, BT Cld NaNoO; (2
EDRIEHALITIFEA E B DNl Z LD, ek
NaNO; [ZEoTT7 7 — U RIEMALDEI TL TODTEDTR
BTz, EHIT, CuCly, ZRIFHZRILIZ S AN T

HIEYED W EAALIT-, Ll NaCl R KCl & CuCl, &
[FIREL RN 72 RRZ D T2 0 7 K& 7R AR IR AT A5
Niphotz, LLEXD, TiO, i T CuCl, EO TR
BRI AL UL, CI THAZ LD RIBS T,
3. 2 RIGHIZEITHRIERB D DEIE
FOSHRANAFAET 2D Cu OIRREINE MR EA 5.2 T
WbHEE Z, Cu(l) FL—%— (Cul) A4 RE) BIW
ICP 435347 (Cu(l) + Cu(Il) 3 ) & VN CTHi o 201 E
L. SUSHZ B2 Cu(l), Cu(ll), [EAERRSY (Cu (solid))
WIEZB LT, Fig. 5 X0, NaCl 25 F20 54121 Cu
(solid) DMERKSILHDITHL , NaCl & & Led55121E Cu(l)
AT DA IO, LoT, Cu(l) A4 DEED M
IS TOBRIREMEN B 2 BV,

=l
S 15
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O 10} i
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S
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IREE

3. 3 tH&H TiO, FE(CUTIO, &) L&D 77— R
SEMEE

VL EDRERAHEZ | TIO, W HZ & A S 7 Hik
(CWTIO, W) Z1ER L, 77— RIEMALEBRZA TV,
NaCl ZiIL TEONREMEB LT, Fig. 6 (T X1
FOGIRIZ NaCl Z & Lol S PED ) L Hbiiztzd |
HiAA L 2 E A ST HEAEBEE NaCl OFEFEZNLD 150
DL o T,

WIZ, CWTiO, M E Ty a2 b ClRlgkD =
BREAT 7225, WIRE DN ESITIEEL N7~
(Fig. 7).,
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Cu I AR IEICB W CIZEAEFEEL TB LT, Mk
{EAKRFEEDETED Fenton BELUS S L HTEVEREFEFE £
DERDEIVIZSWFEETH D,

— 07 . BOSR I LA A A IMFET DA
REERR Cut A NI AA v LEEIRETE AL
[CuCL] A UME[CuCl]* L7220 ERA A A —{l DIk hE
(Cu(l)) CRUSIETICLZEL TIFET HIENTELHESN
T Bl Zhuc kb, Cu(l) Z/rL7z Fenton KESCIGASEL
TORFTWFRHTHLEE ZBND, FERSID Cu™ A4
E[CuCl] Tl [CuClL] DN ETHY, Kk I
FELRLTWEREThD, Tz, SAEREL THITHL T
BOT . BAA L ELTHFEEL TN DTDITE T R IkE
L CHHECTWRAETHHEE LD, SHIZ, gk
F L W R C B W TlReb T e lEVER B Ch
HEEZEZBIVTWD «OH &, ZDFMMIFF TN
W, 77—V OREHACIZTIC B E T2 £ R TR
LENTWS B —J5 Cul) RS EIRICIRET 52
&T, Cu(l) 21 L7z Fenton ARSI KVIRAH AT «OH
ARSIV, ZHUSE > TEWIEER O TS AR
PELE 2 HND, WAL A DXL TEEBIZAN
PRTF U7 BTN R LT, LA A D ORI A
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ET D56 TV AN DA Vv —ERR,
BT & o F i DR MEEAL ~ DB L DIE A D
ANEHE S S TR, FEFITEIREED NaCl 1, #%
B U CRE R BT T AR &5, Mk A4
ATONWT, HEESHATENER AT =X AL Fig. 8 DD
IZEEDBND,

Fig. 8. LT ¥ | i, CI (\ZXDIEMER LA =X
A (A)CI EFHET, B)CI HFET

5 %

(1) B b7 2 o 2 AW C AT B T
7=V REMALE T 72824, 0.01 mmol/L DHifkdns
fli 2 OIRFED NaCl Z[FIFHIRINT 52 ETEWARIENE
BB RAF DT, F72, NaCl B 1 - 150 mmol/L D
FIZ 3BT IETED [ ERNR B BT,

(2)NaCl D912 100 mmol/L KCI & 0.01 mmol/L
CuCl, ZIRIML72354 . NaCl ZEINLT-85 A LRSS
MEDZFELL A EL72DiZxf L, 100 mmol/L NaNO; & 0.01
mmol/L ® CuCl, ZNINL 723556 ZD X722 AN I X
DIEMED W EIXA BN o T2728 S M I C L A0E
PED ] BIESA A LA A LD L THDE D
EEZBNT,

(3) A EHEAT S T iR T2 % |- C NaCl %
&M, MDA AL DM OHA A DR
DMEESNT=ZED D, FALMA A ORI LD — i D
PR LL CREL THHET DIEN TEDHLEEZBILD,
BALA A > DI T — DS % 1 L 7= Fenton BESG0
BT WSRE R AT 2D EE 2 b,

SE Xk
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Summary

For maintaining our surroundings biologically clean, in recent years, TiO, photosterilization has attracted
increasing attention because of its stable and strong oxidative power yielding biocidal activity. In a practical
aspect of TiO, photosterilization system, it should be a problem to be solved that UV rays effective for
photo-exciting TiO, are very weak in living-based light sources such as a white light fluorescent lamp, which is an
obstacle to realize sufficient biocidal activity of TiO, for inactivating biohazardous microorganisms and viruses. It
has been reported that the enhancement of photocatalytic activity of TiO, took place through converting
photo-generated H,O, into more reactive *OH via copper-mediated Fenton-type reactions. In the present study,
the deactivation of phage was examined using photocatalytic TiO, thin films with copper under an ambient lighting
condition with a white light fluorescent lamp and the synergy effect of inorganic salts on the deactivation activity.

The copper-aided photo-deactivation of Escherichia coli phage was tested on TiO, thin films under a
illuminating condition of poor UV rays with a white light fluorescent lamp. It was found that the deactivation
activity of TiO, thin film with CuCl, was remarkably enhanced with the coexistence of NaCl. However, the
coexistence of CuCl, and NaCl did not affect the deactivation activity on a glass plate without TiO,, indicating that
four factors, i.e., CuCl,, NaCl, TiO, and light, were requisite for the enhancement of photo-deactivation activity
under an ambient lighting condition. Next, the effect of coexistence of KCI or NaNOj; on the deactivation activity
was examined to clarify contribution of Na" and CI.  An equivalent increase in activity was observed in the case
of KCI addition, whereas NaNO; addition was not effective for the increase in activity, indicating that existence of
CI is essential to encourage the activity. Assuming that Cu®" is reduced to Cu' by receiving electron from
photo-excited TiO, and then Cu' reacts with photocatalysis-derived H,0, to produce *OH via a Fenton-like reaction,
we proposed a possible mechanism that CI” stabilizes Cu" through complex ion formation and thereby enhances the

Fenton-like reaction.
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