174

HEOREE LTHENICEHY VBB RZ RS
RIEGEAL VI — % — DR
Rl A B, R mEE, M R

USRI R D P A7
DR A AT —

A1

(2020 4£ 12 A 28 H%A))

ER: [HW]FHE a0 F 7 4V RABYEDEGIERIC L - T, RIHB T~ A 7 OFEPL2H
WCHZ MR RSB N T & 72, SO X ) 2R 2B 2T, 2020 4F 4 R AES@EHMN a0
7 AV R ERGE RHEAEARTL > & < A 7 OFEHICE T 2 @A S, £ ORFKBEICE
WCHIEZHFEORICEZERHEFO L I A7 I S Tw e,

INFTRHF VYA RAERCLEBEIRAALNTEY, HflaoFy A VA LTEH VY
HABENTH B Z LG SNIDIHfFErEE->Twab, L L, +V VBZEer gy
5720121, BEEAKE T L THENICHRTE 2 v I r—7 =S b 2 L2 %
L., £2°T, @HOFEREL XNV TESICHBRET, vV EGEE 2 IR T4
A 29— —DEiETT o 72,

[778:] 7uE 72/ —V7 V=i (BPB) 2KV 7v{bk€=1 5> (PVDF) EIZi§T LT
Btk VYT ARBEHE Lz BT N ARRINT A2 LICE 5T, MR Lok
Vi & R L7z,

3] Vv IgBRTH S CT (RHBRE LM OR) 50 T TOHPHT, BEEIKFELT
BPBA I =% —OBREPET L. BINTE2FAMET M) 7 A REEZE(ISEL I LI
XoT, BPBA vV r—F—0F VT BEERFIHT L ETE .

[l ] R B E 20 2 283 CT IS bR CREZ L E L L TE LV VIEHGR
A DI — 7 —REDNERT B ER R L7z, YL RIC K > TFH v 4 b TRERHEYIC
HEZITDORIITNE R LR WVELR 82, AFROEEIE 2D E b,

(HBESEBERE, 69 : 174—179, 2021)

—%—7—F—

e, 4V v, W

#

Bl aw 4V AKYE (coronavirus  disease
2019 ; COVID-19) iZ A TIR L THB Y, AR CH
FRFRICBWT (2020 4E 12 ), HAEOHM a0 F >
ANV ADRFRPE B L ORI CHEBIEZ 2 hi
20 T AB LU 2800 A, attH-Cidf 7,700 T A B &
ORI IT0 TN E 5> TV, RIEGIEICH T H A7 D
BIASH B BRI T 722, R Tl EYGLL
KOBGIILIZH LTI AT DERPENTH 5 2 L D5
Mo TERY., 20720, FRWBEE TS X7 OFENE
Bz z, AR L T,

DX RN ERFE 2T, 20204E4 H 14 HIZEA

il

FEE P a1 F 7 AV A RGE R R AR 2 5
(=Y AN AT, By Y, = VR T2 —A
3=V FOBIMIERANCOWT DS S =Y. R
EHRTIE, Y=V BNV AT BIOEMAT Y VIR
HEBEHEHTLZE, T— MBI 72—AY—L i
WY R vkE B L OWEEITY, BAHERET AL E
SNTwWab,

RAZ R ERFMHT DHEIC, DM E OB N
WZBWTY R ZALAY BT 5 FEPBEI SN T &
oo AV UHATEABALN AL, BHITEEB LY
SRS HIENRNTEDLZENS, FHRHR ORI L Z:E
LTSN Cwad. SRETICH Y U T ADHIRE R
ANAZH LTHTH S EESNTE M, 3



HEDS HBOIRIEE L TR V1

Bagd 4 VAT HPEEARHTH 72 Ll
T, REP B X o THISHZEMNTH V' v 7 A H R 2
OF I A NVAZRESEDL I ERMEINLY. T2, F
VYR ADEBNBEHZEIC L >T, YAZDT 4V —%)
RKip LB EZIT W £ A Dennis 512 & o THE
ENTEBY, RRELTWLIYAZ R ERFT YV VT A
Lo THAEMATHREICT 2 BB T & 729,
WHERPEEZ DT RAICBWT, Ji—, ERoR
BHEDHRI 2 EREIA TR E > TRERFIIOR
MWHENDD Y, HIITHIT 2 TE RO RWw. 207k
O, FIZITEHBERHLA— N7 V=T TIEFEEINT
Ot AN T L2 L 2R T 5720, iRk
DTaT T AT TERL, WAL S X - THER
VRS TF— T ERBARRE M LA vV — 5 —
BN ENS. 22T, FxiE, BEFOERZELANLT
BHIHETETH), FRLTWAIYA Rt
YH AN K o THMAHWRICT ABICLEE D, +V
VBHEEA YO — %R L0 TU TSR
5.

A

EERDER

JU%E7 x /) —)V7)V— (bromophenol blue ; BPB) B
FOF IS MU 7 A dE L7 A v ARERSEE OR
FZ) 75 A L7z, polyvinylidene difluoride (PVDF) %
i3 Millipore # (Burlington) ®#AMEX 7L ¥ (K7
P4 X50um) &, AMIET KAV Ty 7B (HE) O
LM No.2 &2, N L7-.

AIoA T =4~

BPBA ¥ V7 — 4% —OfBIZLTOXHI12475 7.
BPB % i IR EA0.02% & 72 5 X 912 25mM V) > EERk
i (pH6.8) IR L 72 (BPBiR). Z D% PVDF
BT, L7z, FHRBISIREOREICR D X9
\Z BPB I L 72,

FIDBRE

BPBA vV —%—0F Vol BEICHE L
TS AKIGIRI ONY R AL RO v IgFERE % il
AL 979 b, LY VEOBEER (650 %400
X450mm) (24 VY REAERTH LN T4 7)) — v Lk
V' vk v — OZMG-05DA-18 (Wi d ¥ &5 7 a1,
KB 2 A, 5 F7203 30ppm OF V' VIEEICAR L XD
WZHIE L7z, EIRIRE R v — ES2-HB (4 &1 U4,
AR EEEWINELEIC X > THA L, FRFRA2 %
FRY 70% 2 Lz, mEIEENHET7 3 CTHIEL,
20~25C DA CEER T -7z, &V VBRI, Y
ViR (ppm) & BEFEEEER (43) OF& % CT (concentration-
time) fili& LCHL7.

E{& O

BPBA vV —%—%AMEICES, SOGHTRIITIC

B 2Ry REEWEA YV — 5 — O 175

FIFIVH AT THRE L7, MWi{fIZ1 National Institute
of Health (Bethesda) #Of#HT >~ 7 b Image ] 1.52v %
W7z, BPBA vV r——ofafilar bu—<ThHb
BRDEHREEIT L, WEDEETFT— & & LTERLT.
FZHOT—51%, ThZN 3 MOEBRMEDOTH B & O
ez LORL.

s R

FEEROITHRRI2FETHEL/ZZBPBA v V7 —
F =AU EREFE L. AV VIRGE CTHS0 £ TO
#PHC, +V VIBRERIEAFLTBPBA v V=5 —0D
BT L2 (K1 (A)). EEENTY 7 TR L7
LabHE L IZIZFEALRMERTDH D, WG EAS 10
PTIC%bEBPBOHEMERB#E L2772 (K1
(B)). 72, CTHH50 TULETIRHFLANBMEL, Fotk
WAL ED SN ol (K2).

RIZFV IZEBBPBA v I — % —oB 1204
5, WMEOMEERGET L (K3). +V VIBRRHENOWE
EA 50% & A\ IE 90% IZELE LA, wWTho
BERMTIZBWTHRET0% OMA L MRS CT i
50 THAAEM L, ZORIIEDFED SNL o7z,

REBICEDEHWE Y VBERICH L TBPBA ¥ ¥
r—5 =0T E 3 ME L7z (K4A, 4B). BPB
A VD= —~OF FHEHEF N 7 A ORI A
512065 T, +V X BBEIZIH <7z, BPB
A 2T — 7 — OGNS 10 LTI R - 7201, 7
FHEEE T b ) 7 ZEEE 3% Tid CT 1l 200, 5% T 300,
7% TIE 400 TH - 7.

z =

HEHERWE AT A4 vV r—r—1, Fat X
BCTEMOEY»RE LR Z & HEPRELTVWDL I L,
BT F 723 BRI EDLED e UMY D B 2
L, BEDEMEMATVAZENET LW, 512,
2003 4F12 SARS 2847 L 72BRICd ~ A 7 R34 L,
A Y7V ORI EEREINE I LS, 2O
$ 9 W72 % RGWEIZ X A B BUE 4 R o COVID-19 LA
FEDHi SERFHEINE. 2D, [ Ir—4F—
DL LIRS E H R 7 4 IV A DEZVEHHE L TR S
WCEAASELNDL ZENRET L.

INFTIS, TV VT ADOBERZHREIIIRT A ~
V==L T, F3UAHI)TLATARAKRLT Vb
FX ) VRIEEWEHCLOPHE IR TW AT,
FalL, TTELHICAFUREZI VLI ) T LA TARA
MAEMGE L72s, AV UV Bg#zElT) L —HAEm L7k,
EHICBHEZHTLEHOLTHEOAMIRESL 20,
A== LTOELRLRTERI& L. —7,
TYbrIFx ) VRALEWERH LA VY= =T
X, ZOfLEWICHEA O ERIREICHE S N (77—



176 HARRRSE - S ERERERAFE JJOMT Vol 69, No. 4
(A) # Y VIRES( ppm-min)

0 10 20 30 40 50
(B)
50
40

il

™20
20

10

0

o

10 20 30 50 60
-10

F v/ BEE(ppm-min)

1 EEHEREF Y VICELBPBA YV —5—0ita
(A) A vV r—5—Wifg (B) WG H

7V~ EREEE(ppm-min)

0 50 100 200 300
(A) IIIII IIIII IIIII IIIII IIIII
(B)
50
40
o
@ 30
& 20
10
0
0 50 100 150 0 750 3+0
-10
=20 ?‘/VH?EE'E%( ppm*min )
K2 EWHEELTYVICEBBPBA v Iy —%—0lEn
(A) £ vV —7—Hitg (B) BE{REN R
7 AR . TWIT 5 2 EAWEansY. £72, 2T E T2 Hud-
i, RELICX-T, Fflaar 4 VA LT son H1F, VUV H AT HEANRZAS ANV ARA ¥
CTHEO60FTHY Y HAXBRETSH LT A4V AL TIVEZ YA NV ADREZEZEMET L, CT €100 LLF

1/10~1/100 % <, CT fi 330 T 1/1,000~1/10,000 TRETHIL2HMELTVBY, chbomEzd &



APES  HHBORIEL LTHEMNIE VY VIR R 2R TBIENES ¥ V5 — 5 —OfFR 177

(A)EFE 50%
50
40
30
4
o

10

-10
-20
V' VIBREE (ppm-min)

(B) 2 90%
50
40
30
%
8 oo

10

-10
-20

#V VIRFTEE (ppm-min)

3 FVUVBEHEIZE S BPBA I — 5 — RIS A REOR
(A) PE50% (B) HEE 90%

F A TEE
PR NURSN
(%)

o

w

(5]

~

0 50 100 200 300 400 500

* VBES(ppm min)

R4A #+V VWEFEIZE B BPB A vV — ¥ —OBEICKT B F AT MY A 0%E (Hg)

2, AT, AL V= — Dk EE 50~
500ppm ¥ TOHPHCTHE L7z, Fx HH % L 72 BPB
4V =7 —IZCTMH50 F CHEEEIKFE L Tt
DHEFTL, EHIF VU TAZRELTH AV TL VI
ZALEFRO LN o7z, 2512, Bz FoF 45
BF b L% BPBA ¥V — % —EEIRINT S
CEILEoT, AV VX 5T BPB AT A IRFER &
CT i 50 2* & 400 DHPI TL EREICHTHE T 5 Z L AT
E7o At BT ERE OBIE 7 BRYILRATE Z o
7oA, RRERBAMICHT 54 Y 0%y CT s’
O RE, ZORY CT lIcEHLETBPB A v ¥
=5 —DREEREEICHET I ERETH 5.

Bf21Z, 2020 4F 5 HEUSARFE DL { DR CTREBR
ENL) BRI FORRPBIRIY, KRSV
r——%EELE L OUMEPTY A2 04V VIBE AT
I GEOMERIIOWTELRET S, VU T AL
EEIARAE L, {BEEDTE I DG R & & 2%
BWENTWAEYY, —J5, @S, RIROM eI B
B 2EEBBEIFMIC X > TEILL, BE40% L2 5
70% D.LFTOILHMPETH o722 L2 EL TV EHY,
AR OBFNZ BT, W 50~90% D#iPATIE CT 1 50
FTIA VI = —hPifadrI L 2MRELTVS
2%, BRI E ST COMANIEESLE L B
s, KIS, AV U H AT B A7 O AYEITS



178 HARRSE - SRR

@ 30

-10 0 160 200 300 400 5

-20 #V IBREZ( ppm-min)

(C)5%

K 40

@ 30

20

10

0
10 0 100 200
220 F/ VIR E( ppm-min)

76 JJOMT Vol. 69, No. 4

70 (B)3%
60

iy °f
ﬁ40
@ 30
20
10
0
-10 0 100 200 300 400 500

-20 #+/ VBBREE( ppm-min)

70
60
50
Ry
K 40
& 30

(D) 7%

300 400 500

20

10 O 100 200 300 400 500
20 #+V VIRES( ppm-min)

RK4B F V' IZX2BPBA ¥ V7 —%—0:B0I 5 F A U7 L 0%E (AT
(A) FABEEEF bV 7 LPEEE 0% (B) FAHEET N U w7 A1 3% (C) FABEET b v A

5% (D) FH il M) 7 AHEE 7%

WTHEHENS. L2 L, Dennis 51, KUY 7uL
VB Z 7 LTEA Y U A AR ERERBEL, T4
7 — R L W PR O B BALDSTRD SN hr o 7
CERPHELTWAEY. F, AR HRYICRERLR T
728, N OF VY IRBEDRIIRELIE L %\ i) e
oW THEZ OIS, EBEIMIZHWTE Y VIgE
HEEE- 7208, VT VIREN LD I WIGEND
B2 EHESINTVDY, Gt C, @)tV v B
T H72DIF YV VIgHEEA YV — 7 — 3BT
HY, RA VI r—8—%/FHNTHE) ZLITL-TE
LIEHEEE T2 0L EbD.

RWFFEDRDS, BEAHEDIEKZFIET 57200 —F)
ENFFENTH D,

[COI BIR] AMEB IR S 257 ah SHIRE % 25

X B

1) Johns Hopkins University: COVID-19 Dashboard by the
Center for Systems Science and Engineering (CSSE) at
Johns Hopkins University (JHU). https://coronavirus.jhu.e
du/map.html, (accessed 2020-11-16).

2) HARBBEGA s [REREIC B a2 H M an v A
WAEHSENOI A A K 4 3] OABIZDWT. ht
tp://www.kankyokansen.org/modules/news/index.php?c
ontent_id=355, (Z:H 2020-11-16).

3) BEEGEE =V hN< Ry, BT Y, TV
K7 2 =AY = FOFSBIHER N IZD W T, https//w
ww.mhlw.go.jp/content/000622132.pdf#search="%E3%8
2%B5%E3%83%BC%E3%82%B8%E3%82% AB%E3%83%A

B%E3%83%9E%E3%82%B9%E3%82% AF%E3%80%81%E
9%95%B7%E8% A2%96%E3%82%AC%E3%82%A6%E3%8
3%B3%E3%80%81%E3%82%B4%E3%83%BC%E3%82%B
0%E3%83%AB%E5%8F %8 A%E3%81%B3%E3%83%95%E
3%82%A7%E3%83%BCU%E3%82%BI%E3%82%B7%E3%8
3%BC%E3%83%AB%E3%83%89%E3%81%AE%E4%BE%8
B%E5%A4%96%E7%9 A %84%E5%8F %96%E6%89%B1%E
3%81%84%E3%81% AB%E3%81%A4%E3%81%84%E3%8
1%A6', (ZH8 2020-11-16).

4) Tseng C, Li C: Inactivation of surface viruses by gaseous
ozone. ] Environ Health 70: 56—62, 2008.

5) Yano H, Nakano R, Suzuki Y, et al: Inactivation of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
by gaseous ozone treatment. ] Hosp Infect (in press). http
s://doi.org/10.1016/].jhin.2020.10.004.

6) Dennis R, Pourdeyhimi B, Cashion A, et al: Durability of
disposable N95 mask material when exposed to impro-
vised ozone gas disinfection. J Sci Med 2: 2020.

7) Thorp CE: Ind Eng Chem Anal Ed 12: 209, 1940.

8) RAARE, b i o HARERERF 3856411, 2006.

9) JRAARE + HAEHEFF 4526105, 2010.

10) Hudson JB, Sharma M, Vimalanathan S: Development of
a Practical Method for Using Ozone Gas as a Virus Decon-
taminating Agent. Ozone: Sci Eng 31: 216, 2009.

11) Tsukamoto T, Ishiwata S, Kajimoto A, et al: Application
of ozone gas for decontamination of nucleoside anticancer
drugs. ] Pharm Health Care Sci 2 Article No. 26: 2016.

12) Choraku T, Ishiwata S, Kitano R, et al: Decomposition of
anthracycline anticancer drugs by ozone gas as a decon-
taminant. ] Med Hyg Use Ozone 25: 90—97, 2018.

13) 4 R, W F, B, i RIS BT A=



APES HBEORIEE LTHEMNICE VY VISR 2R RIZNES VD7 — 5 — DR 179

WEBEORIAEIUIBT 2 058 55 1 ¥k Z225@0F0 - figZ ARIFERSE  T577-8502 KRB HIR I ML 3—4—1

TEmm 4 137 1 39—46, 2008. LR S 2 T R DR 2350 ) [ 4] 2% 40 17
14) Dennis R, Cashion A, Emanuel S, Hubbard D: Ozone Gas: N i

Scientific Justification and Practical Guidelines for Impro- Reprint request:

vised Disinfection using Consumer-Grade Ozone Genera- Takeshi Kotake

tors and Plastic Storage Boxes. ] Sci Med 2: 2020. Division of Medical Pharmaceutics & Therapeutics, Faculty

of Pharmacy, Kindai University, 3-4-1, Kowakae, Higashi-
Osaka, Osaka, 577-8502, Japan

Development of the Visible Indicator with Variable Sensitivities for Ozone Exposure in Disinfection

Shunji Ishiwata”, Kiko Hashimoto", Tomomi Inoue” and Takeshi Kotake”
"Division of Medical Pharmaceutics and Therapeutics, Faculty of Pharmacy, Kindai University
“Department of Pharmacy, Sakai City Medical Center

[Objectives] The coronavirus disease 2019 outbreak has continued to spread leading to collapse of health-
care systems in several countries. The rapid, global spread of the coronavirus has resulted in shortage of per-
sonal protective equipment (PPE), such as surgical mask. Hence, the re-use of PPE after appropriate disinfec-
tion is encouraged in a clinical setting, as an exception. A recent report showed that ozone gas can deactivate
the coronavirus. Therefore, we developed a visible indicator that would show the end of the ozone gas disinfec-
tion process.

[Methods] Polyvinylidene difluoride membrane was immersed with bromophenol blue (BPB) solution and
dried. The color of BPB on the membrane disappeared as exposure of ozone gas proceeded. Sodium thiosulfate
was added to BPB solution to shift the sensitivity of the indicator.

[Results] The sensitivity of the indicator was adjustable between 50 and 400 in concentration-time (CT)
values, which indicates the product of ozone concentration and the contact time required for virus deactivation.
The indicator can be prepared even in laboratories having basic equipment.

[Conclusion] We established the preparation method of the ozone indicator which was adjustable to de-
sired CT value. The indicator will contribute to the on-site disinfection process in emergency caused by pan-

demic.
(JJOMT, 69: 174—179, 2021)

—Key words—
infection, ozone, disinfection

©]Japanese society of occupational medicine and traumatology http://www.jsomt.jp



