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Abstract In pharmaceutical or food production facilities, a high standard of internal environment
of the facility is required, including countermeasures against microorganisms. These countermeasures
from the facility point of view include partitioning of work zones (zoning), and cleaning the air using
HEPA filters. However, when workers/researchers are working within a facility, dispersion of dust or
adhering microbe brought in with clothes, etc., cause pollution of the air. In this report, the steriliza-
tion performance of weak acid hypochlorous solution used as the chemical substance was verified. In
addition, the sterilization performance in an actual space varied not only with the chemical substance
used, but also with the condition of the room, the air conditioning system, the method of spraying,
etc. Therefore, from the above sterilization performance tests using chemical substances, the raw data
required for a computational fluid mechanics (CFD) model were derived. A method which is capable
of predicting the effect of the chemical substance t under various conditions was investigated, and the
results are reported.

Keywords : Microbe, Hypochlorite, Slightly Acidic Electrolzed Water, Sterlization, CFD, Indoor Air Quality.

DY, AT D DOEFLR R BB LIE L T2 5o

1. 3 U & I

PESE e S O A ERERE T, MM R E G0
E VKD RN BREEATR O STV b Jili ik 2 &
OWMEWXFEE LT, (FEXGOXE (V—=27)
% HEPA 7 4 V¥ — % H\ 72 2R D& &AL 7z & s—
B THBHY, LhL, MENTIEEBNEEST 24
B, RERFATN LR LD 0 OERSCAER
DREDZRRIE LD & B 2 GEDRH 5o TDI20,
WX T O A DX 7213 T, BAEY O FIENIEAFE ST

VKBRS S S A A Bt i FE T
(T 135-8530 HUGUHRILIRIX B 5 3-4-17)
Shimizu Corporation, Institute of Technology
Etcyujima 3-4-17, Koto-ku, Tokyo 135-8530, Japan
* Corresponding Author.
E-mail: makoto.yamaguchi@shimz.co.jp (M. Yamaguchi)

96

22 R T R A B OB 12 1L, SEH O 22 I R )
Dol OAMTH DL, HHIOEEIZHz- T, BH
BRI Th L, AMENOFHEREBICMHEH % 31
BRBRBEANOBHALEEZEET 2 LEDN D DY, (EK,
RN THOMBEEA 7 ) — 2V — L7 ETlE, KRV
<) A A% TR TH o 72D, 5
JEVEDOMED S, BBRILKZEZ A ZBRYEY AT L%
SICE &b TE 7z, bLbiudd Tz, B\E LK
RICL DY AT LOMFEE NN F TNV ) —
YIV—2 (LUF, BCR) ICTHGEL 729, LA L, B
FRILKZFEIC X B BRGLE, 35% (wiw) & il o i
2R 5720, RS Em LY EoRiE T, X
DIHED B CEXEHPEE N5,

WHIEREE T N 1) 7 4 (NaOCl) 1, R WEE AR
7 MVEEMEE L o BRERTH Y, BEm LTI

7 u VR



COEE HRENERRICBOWTEEMFHINTE
7249, UL, TV ) PED NaOCl KR IE, FERETE
WETHDH MO XT VEPEIAET AT ERAISN
TWiz9, —J5, EAETIE, BROM CHET LM
HEOWRHIERMAPE R L TnDY, Tb 05N
(pH5.0~6.5) DKEHIX, T/25HEKT Td 5 IEM
B HOCI 2 S CTEHEA LT\ b, fEER o R
FWEA A v (ClO) %Wy LT HRIEERES )
TAERBLT, MEDMRE~NOREE R, K
MR, M TCRESTRECH DY, F2, TA)
%TH A NaOCI KB & T2 V), GRS TIZ MY
OX5 YHOEREDPIZ 5NE T EDHMEI LT
5,

MR 1ED NaOCl KE T 2 AL L, ZRHICWEZE T 5 2
LT, B OBE R Y A IV A DARIEIL % %) 50912 FE He
L72WFgEBl s ST w520, UL, IR
= RN F i EONERHPET, EFRKOREMTO
SEH R OMGER A ) H & Tl L 2R i3 E T
Holze BWNZEMICBIT LMAEWR KO EIL, #H
T BHFN LR ROBAEWEN Y TR L, FREDIRMK,
G RERNOTAGFMH 2 EIC Lo TRRED EE X
SNb, L7zhio TABTIE, RENREMETELR
Bpa %l L, S[EITETIV (CFD) ICERT—%
(FHAL) ZEEL, SFSFREMT ToOEHRE
ZTVHEITE L FEERE Lo THRET %,
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Thb, EHEEJHOUEXRIBTOREE=51) 7

AT AW, BRI S L, KiEE Wl - B A
W OG- kR, FOREE, EHOMRE WRE,
ol BHZE, WEFIRLR EOEERITIER, B
FREATIHHITTH 5o MHHEREHOBE XL, H
DI AaR, ERE X O R ATAED B L Ok
TAHEREINDL 2 L 2L 50 EDR D 5o

2% S iy B BR AT D 22 RN T UL, BT AT A
OBENRN ZCIRT 2 EELIBIEO—D b, WHE
ACIZ AR A L TR MR F O R O —2 12 7%
D, FREMFENIIMEROBRKE LR VIESL, 2
C PR 38 B B vh T A W B & TR 2 rp s
KFHIZOWTL —EDIREEYDTICHBH I N TnE S
EERBREEL 2T NIE R S v, FO0I2, Aw, R
Xy — v, R, A - WoOBM R & &R
FHe A LIk, ZEARER T 2 R R ICHEE T
5N E B, BB T & ICER SN D ER
DFEGES L OREMAEY OFFA L% Table 1 B &
U Table 2 |27 §, ff FllE R EEIZIR L2 h
D7 L — K44 % 1SO 14644-1 @ 7 5 A4 FE 2 i $
5L 7 L —FADOEFEK (Inoperation) @ A # (X
1SO5, 7' L — F B OEERORKHEIZISO7, 7L —FC
OVFEREOFERE L 1SO8 IZIFIFEE L v, 727751, #iho
flidE, K&, #EEEoMMA, HEfLL NV, &
TR O R, Z2 G e CBRERMIC LV R
BEEANOFHY) A7 1 Z R b 720, LEEICE U7z
ey )rr7ars %zl SHTLI L
NEETH S,

CDEHE, WAHAWLOFEMHOBELIEREE=S)
VT ERET 72D, RRETHERI I L —

Table 1 Clean room and clean device classification

Maximum permitted number of particles per m®equal to or greater than the tabulated size
Clean air classification At rest In operation
= 0.5 um = 5.0 um = 0.5 um = 5.0 um
Grade A (ISO 5) 3,520 20 3,520 20
Grade B (ISO 7) 3,520 29 352,000 2,900
Grade C (ISO 8) 352,000 2,900 3,520,000 29,000
Grade D 3,520,000 29,000 Not defined Not defined

Table 2 Recommended limits for microbiological monitoring of clean areas during opration

Recommended limits for microbial contamination

Grade . Contact plate Glove print
Air sample (CFU/m?) Settle plates? (CFU/plate)
(CFU/24~30 m?) (CFU/5 fingers)
A <1 <1 <1 <1
B 10 5 5 5
C 100 50 25 —
D 200 100 50 —

D These are average values.

2 Individual settle plates may be exposed for less than 4 hours.
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3.1 BCR COEAKE

1) HABREHG

B, EEMEY5Im(W2.7mXxD7.0mxH2.7m),
Ik — J5 [ i & T 1SO6 @ BCR |2 T 4T - 72 (Photo 1,
Fig. 1), 4[N, WKHIEERRKEZHW/2 I A MEFE L
Bz & B, WHEFERRKIZ, KEEHEREF MY L%

Photo 1 BCR (The shaft space side).
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Fig. 1 Plan view of BCR.
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Wl L ARZIRA L, FTEDREICHEE L 2580w
kTH s (pH55~pH6.5) 7, REFEIIZ, pH & I
FEELpHE (VYT v 27 A, TS-1) ka5 4>
A =% (A F =7 AR, RC-50T) THBDOB O
L, BRI OZEE TR L,

NaClO + HCI+ H,0 — HCIO+ Na* + CI + H,0 (1)

RERE L, I LBMETHLEE T FYERE L &
T LEMERH O KIGH & w7z, 3B oEEI21E, At
[T 57T LR EIMED v 75 AR T
EHUBETEDOE R AN R 2 5 2 L 2 £ B L7z BRI
i, EEREEOFERE L ST W5 ISO11138-1 72 & D
FEACHERL L 12 TSA (Trypcase Soy Agar ; Difco) T HI
FRERLZIEOW %Y, BAKMER) X7 VA
20mm M) WM F L7 (BIF, Bl XA A I —
& L ER)F, BERETIC BI %, BCRINO 7 — 7V 1 (BI
@®), 7—7NVF (BI®), BHEMAIL BIG), BE
I MERR (BI@) X OBEE (BIG)*2 D 5 2FlC
PR L7, BEIEZERE 14 (UD-2000HTI, A%Z7E
F) % BCR 927 i& L (Photo 2, Fig.1), BCR N
WCREEIE R AR Z, FTE DL ClBEIIEEREIC X
D, TEETH1IL % 02 m¥min OB CHEL, HE
15 KEfH, 2% 1K CHA&MBIZ X 2 0 s
fTo7: (Table3)¥, ZOK, ZFHNOKRIZEELL2EH
DX7 77 (65m¥min - 17) 12 TEFOHEHF % BHE
L 720 F 72, BIREH © BCR O i & &, 25°C T
RH 50% | ZF%E L 7=,

REfk, ZNOBI 2L, BETLIERKOREL
g 5720, FAREES b 7 A&7 O SCDLP ik
Bt CHA O OB & 51, w0 THRRT D TSA
B CHi R L /oo AR O BIHIEIX, HEROW
EEE M DSE O X E A D 5 WV IZHGEE - (&
P =) EHEL, WAEHNE - 725 R
DBt +) EHELZ, EREMOESI, EH
¥ (ao=—%: cfu) THHMEL7: (Fig. 2).

2) EFIZHRDIREE
BCR 2 TR LR F MR K %, 200 ppmw, 100 ppmw,

-
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fogging |

Photo 2 Ultrasonic fogging device.
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Table 3 Condition of operation in BCR

Device Condition Fogging (1 hr) Keeping (1.5 hrs) | Degradation (1 hr)
Ultrasonic fogging device ON OFF

Fan for indoor pneumatic agitation ON OFF

Fan for air circulation duct OFF ON

e —
SEEE

Survival
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Suspend Bl to liquid

culture midium

The evaluation
of medium
turbidity (visual
check)

e

The evaluation
of colony (cfu)

Sow a liquid medium to an

1 agar plate and culture

itin a incubator

T

In a incubator

Fig. 2 Evaluation method of BL.

Table 4 The Ultrasonic Fogging Condition

Condition Planned efegtive chlorine Real efecti've chlorine pH Chemical input [L] Chemical input [mg] Chemical input rate

concentration [ppmw] concentration [ppmw] [mg/h]

Case 1 200.0 203.3 6.60 1.075 218.5 218.5

Case 2 100.0 98.8 6.30 0.987 97.5 97.5

Case 3 50.0 50.2 6.25 1.001 50.3 50.3

Case 4 25.0 24.3 6.25 1.022 24.8 24.8

Case 5 12.5 12.6 6.19 1.012 12.8 12.8

Case 6 5.0 5.1 6.10 1.012 52 5.2

50 ppmw, 25 ppmw, 12.5ppmw 3 £ U85 ppmw @ 6 B
M OBEHEE CFRAE L, B (BD 1233 2 A%
R AT o 70 AMBRTHER L 723K OB &%
Table 4 |Z7R3 o AGkBR 3.5 K14, BI OEfFH %A
L7260 ISOIC K B ELITTR®, aa=—%
ZME L7, WHIERRKOY &, #i 7 N7 KK
(Staphylococcus aureus) & KWW (Escherichia coli) @
M & 412,200 ppmw (Case 1) 75 50 ppmw (Case 3)
T, WEHE -] T go=—%3b0MTdY,
WOTER IR R MR L2, 72, ®ET R
7 BKT T 25 ppmw (Case 4) DG 1, HEHE TIX
FART [+ ] EHMERZIWRTE o072, a0
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Z—fETEarybo— )L, BB LoD
Z—BEEALTEY, BETEZWIE T OEHRZ)
EPHERTE7, L2rL, 125 ppmw (Case 5) BEL Y
5ppmw (Case 6) Tl&, HEHEEZT T [+] T,
ao-—fiZay ba— v EFERICHEE L, FEH o)
RIIHEL T X % 2o 72 (Table5)o KI5 B Tid,
200 ppmw (Case 1) 7 5 25 ppmw (Case 4) ¥ T4
WZEEFIN RSB D 51, 125 ppmw (Case 5) TlI
7 B BRI @ 25 ppmw O3 E &[RRI AT T O IR R
HEFE T X 5ppmw (Case 6) THAFIRNFIIMERETE %
72> 72 (Table ) o 4 A1 RALLE KK DT TIZ,
A7 R 7 ERR T 50 ppmw, KB H Tl 25 ppmw T,
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Table 5 Test result of BI
The evaluation of colony (cfu)
. - BID BI®@ BI® BI @ BI®
Strain Condition " N Control
ontro
On the table Under the F .oor on t e | Floor OI‘l the Wall
table window side wall side
Case 1 0 0 0 0 0 7.4 X105
Case 2 0 0 0 0 0 7.4 X105
Case 3 0 0 0 0 0 7.0 X108
S. aureus ; ; ; ; ; :
Case 4 1.3x10° 4.0%x10% 9.2 X107 7.0%x10% 4.4 %107 8.7%x106
Case 5 6.7 X 10° 6.0 X10° 6.1 x10° 53 %X10° 5.8%x10° 7.3 X108
Case 6 4.2 X108 3.5x10° 4.8 X106 6.0 X 106 3.4x10° 7.5 X105
Case 1 0 0 0 0 0 9.8 X106
Case 2 0 0 0 0 0 8.2 %106
) Case 3 0 0 0 0 0 8.7%x10°
E. coli
Case 4 0 0 0 0 0 1.0 X107
Case 5 1.1x10* 1.8 x10* 5.6 X10° 6.6 X10° 1.7 X10* 1.0 X107
Case 6 8.3 X108 6.0 X106 5.1x10¢ 8.6 X10° 7.8 X108 7.0 X108
The evaluation of culture medium turbidity (visual check)
4
Strain | Condition BID BI®@ BI® BI @ BI® o
ontro
On the table Under the F l~00r on t'he Floor 01?1 the Wall
table window side wall side
Case 1 - - - - - +
Case 2 - - - - - +
Case 3 - - - - - +
S. aureus
Case 4 + + + + + +
Case 5 + + + + + +
Case 6 + + + + + +
Case 1 - - - - - +
Case 2 - - - - - +
Case 3 - - - - - +
E. coli
Case 4 +
Case b + + + + + +
Case 6 + + + + + +

WO 2 5CA 2 Hf 35 Z I L7z, £72, 1SO
DEBL TVLEEHEDOHA TR Y, aa=—HE

ERTAHIEITED, X0 EHEICERR) R R
LIENTELEEZOLND,

3.2 EFIILED CFD iR

1) R M

410 BCR 2 BT % FEHIE 7 A ER D CFD f#HT 121,
TARERAT Y 7 b ™7 =7 @ FlowDesigner12 % ffiff] L 72 1319
FLAET VI, BLA VA ke EF IV E W,
BERMOBEREMIE, —BALR BRI %2 w7252, 1)
W OWRIEE L, 25°C, 50%RH & L 720 —D2 Dk TH°
EE SN TENT A T TORMIZEND, SHO%E
BRCMETE L7okAE 3um 1, MEERZICT AL, Kt
BUIEH CTE 5 EE L7z, HEEXHBEOWHI & WA
HOJE#, BCR ZEfR OB L OWGAO D EE, B £
NENZEEBIEH O T 7 7 ~ OJE#IZ, BCR TOHE
Al % 52 720 SRR A SR E, RIEERIRK TOE
HE % 72 (Tabled)o 72, MWEFESRMIE, [31.1)
BRG] \CFCE L 728, PR g oS & 1 REH
TILMWEZEEL L, IXTORBTIE, T XTHRIESR
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W (ppmw) [CXB2HEERRE L THEEL 72D T, &
FENTCIIMETE L 723 H oW 2 133ER 5T (Cl) &L
721, FlowDesigner T4 FH DOHEFH] (M) BE DM
A RL, FEERIF O ppmw & 527 ) ppmv IR E 42 D,
2) ENEARELEBI OCTE

Fig. 3 12, BCR NOREES O —fFlE LT, AR
FEILIE 200 ppmw B OO FEHIIEFE 20 53 2 DA R AR
HUO2 B a2 T, MEFEEE & BOTHCH T O A
THBEINTD, BNDIFLAEOREIZ 02525
0.25 ppmv & 7% 1), MEFHEAE T2 13 BCR W CTHL—KRIL
BLL7oR R L o7z RIS, BT 4 3K O 5
BEE L CTHWLMNT X7 Chick-Watson O I 2 2512,
HHIETE > & 5% £ TOZAEMBIEFR (Table 3) TO CT
it GEEEOFFRIFEE) 1617 (2D, BIO2H BIG)
DRE SN T VLY OMEE KDz T DYE, Table 5
TR L 728K MR ) T A 7 U4 (20mm ) @ BI -
TOfE (ppmv-sec/BI) & L 72. Fig. 412, KHLIERE
KT, EOT FYEREICIRED S - 7o R 50 ppmw
(Table 4, Case 3) DMUMD FELRT [METFE] Fip
b 1IRHHOEERTIRE TCTHE (5, =i
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Air inlet (HEPA)

Air outlet (HEPA)

Fig. 3 Distribution map of chemical concentration in BCR (at 20 min after fogging).
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Fig. 4 CT value of each Bl in Case 3 (ppmv - s/BI).
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WTHO 35 BMEE TCTHIZ—EHEER Lz, 2D
B&E, [HREE] BRSSP0 7 2L L 7236425, ERO
2HOWBHHIT 77 voREbRE L (Filk), X
THEMNKRIICWAE Lz E2oNb*, 72 1320
Case |I2BWVTd Case 3 & AIFEIC, FENIEFEED 5
EIHTENC L DR E IR L 7o

4l CFD f#HT Tlx, BIOG®@IZL~N, BIQ®O
CTMEIRETIRME & 72 o720 T ORGSR, WHEEE, =
WHBHEH 7 7 » B L 0% Bl OFRLE & RO HENE 2
5N b (Fig.1). MHEEE L EE SN, B
HICRELZ2H08BHIT 77 212X, KEH»
5EETE, RIFHE A & JEGE 3~4 m/s DIRVEIFIC X - T
BN SN, RRICENEE IS — 5
(Fig.5) 0 MEHEEEOIBEIME L BI@ASBI@ XY

Fig.5 Scalar distribution chart (at 100 min after fogging).

(25)
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Table 6 CT value of each case (ultrasonic fogging condition)

(ppmw *s/BI)

_ _ BID BI @ BI® BI @ BI®
Ultrasonic Fogging
Condition On the table Under the table o.n the ﬂ‘?or On the ﬁoor On the wall
(window side) (wall side)

Case 1 62.2 57.0 62.2 61.2 57.0
Case 2 30.2 27.7 30.2 29.7 27.7
Case 3 15.4 14.1 15.4 15.1 14.1
Case 4 7.4 6.8 7.4 7.3 6.8
Case 5 3.9 35 39 3.8 35
Case 6 1.6 14 1.6 15 14

RIECTH o 72D1%, SUS 7 — 7 WVRHUZ & %Kit b
OUREERE N EEZ BN D, T2, BHEHEOLE
IZfZES 2 BI®3 BIO®W L YK TH > 7201,
BI ®% #&iE S 5 7200 O3 12 X 2 B O BeMEAs & »
LEzbNb, BIO»S BIG®D CTHEIZDWT, Bl
DIEI (D %\ L H OBEGEZE 100% 1)) 3 5 L2k
RfE (LUF, BRERIEEE WD) %, Tables DiER%
HAZHRES L 720 B 7 B 7 BRI Tl 50 ppmw, KM
TlL 25 ppmw TH 5 L E Z, IKHEIERBKOME R, B
ARl % SR 90 724, Table 6 |2, FlowDesigner T3k
ToHEKIE T, DREED O 401 3.5 I T Case 1 05
Case 6 (Table 4) ® BIMA 5 BI®IZBIT S CT (ppmv-s)
RS TOBEEZF L CTME (ppmw-s) %78 L7270
W7 O IRW Tk, HE&IEHEIL, 50 ppmw (Case 3)
OHFT, b ok bW 141 ppmw's (Case 3BI2®)
EEZOND, EHIZ, Case4 TlEa > bu— L&t
WL, BWEMESHERSND (30 —HD5 10 2 5
10+ —%—) Z&h5, 68ppmw:s (Case 4 BI2®)
75 7.4 ppmw-s BB G OBME L HFRTE 5, —
75, KIBW O BI OATld, BEREMHEIZ 6.8 ppmw:s
(Case4BI@®) & 71, Case5 Tldar bu—)&lt
L, WIEPEIAE THRESNSE (20 =—HH8 103
MH 10t A —F—) TEHh5, 35ppmw-s (Case 5BI 2
®) 75 3.9 ppmw-s BVREKEORMEE EZ S5,

4. BBHYIC

CFD T2 L CHI L7 BI~NO CT fEx2 5 &
3 % B VERE R L 2 G L 7o ARESCTRRET L7245
T, EB7 B IRE CRFEREMEIE, 20 mm £ O
BI (2B VT 14.1 ppmw-s, K T O R i B E 1 X
6.8 ppmw-s & i L 725,

AW, AETAEESRMIIL T, TOMHHE
RIEPRELKEIAT 256050, HBREMFIZL -
THRPELRDF—AbEZ N5, 7RRABRIIND
Ti<, EBEOBRYZHE LERABEZITH) 2L
BETH D, & VBB A3 o T 0 %
M3 2720, FRRBRICE 2 a0 = — Ko ek
A, MR ETHEROMBEEZIER L, EHNRO
HEIE ARSI L v,
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AL, FEZEHTH D BCR TOHHIEFEOR)E % 7
HIZHIZE - 00T L, CFD f#HTIC & o THEAIETE OR) R
PR L2 ESICHEEYRD L EEZ D, SRIOF%E
Mwviud, BIOWME, SEHIOME, §mhE Mo
K - KREZ, ZRANOEBRORELR L, WHANRHD
SMIZHIETE B, 5I1E, WAWADEMETH T —
¥ ER S, BIETHEOEFRE L X0 KRR < AT
ToHhE, YIial—varOfERNESEES
AR R TR O E 7 5 FERLZ X > T & 720,

&

X1 ARETIE, FERE TR ERENRICHAEE
FhtiL 720

40l ? CFD f##TTl, Flow Designer 12 (4 A ¥
<A AR TEE Sinple-C FDRHET VT Y X
AT, A 23100 TICaEIL, SR
8 E75 (Quick) DFESFAF—LEF 7z, 1
FHT-OWMEME (0°C, 1atm) 1%, %3214 g/L,
PR S 0.124 c?/s & L7219 S OFRMT T,
BCR ORI & B 4 I OFH 5 1T E BT, R
DI EMEEE 1 ERE LT B, Z01EH,
DEFREME, BCR TOEMEE 72,

Bl &I, BEMICFHET 4720, WMRKOmHED
100 mm X 200 mm, W¥5i2 2 A A% 100 mm O HIAK
VOV HEEIZEE. ZoiRIE, KRE»5
1,900mm T, BOHENPEST T AMM» S
3,300 mm DR EIZH 5,

VBN HIUE, BN T 5 ERE SN %
HHLT A EICE T, IDHEOEVERE
AR RS OBIE L Rl 5 &0 H 5
EEZ D

ZOCTEIE, SROREEMETHELNIMET
B Do HHIOE D HSEM W O B4
ElZEoT, CTHEBFE—THWITREtEEZEET
B VBEDB B o

SRl OFERTTILE Re BALOD k-¢ ET WV & H 72
7280, WAEFHmIC LT b ELmLEk e R D %
729121, BE A — bV & uH BRI E T B
VFEMNDH 5o 4lHlL, Reaction Probability ¢ FFifli

%2

%3

%4

%5

%6

7 u VR



KAV PELT, ZOE kLA L LT
2, COZHREOZLEOHFEITHRETH S,
SR, BEREREO Ay D atfMrldbil,
R 12 BT 2 W EmERE LR X T L
TWE 72w,
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