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Studies on Analysis and Elimination of Bacteria

in Devices for Water Circulation

Urara Ishizaki

Devices for water circulation are often contaminated by organisms such as bacteria, viruses and
fungi, and the hygiene should be maintained especially in washing and bathing facilities. Dishwashers
are one of the sources of bacterial contamination in dishes despite they comprise extreme environments
such as high temperatures, high pHs, and the presence of detergents during their operation. Viable
bacteria were isolated from 6 door-type and 8 conveyor-type dishwashers that were being used in food
service facilities. Thermophilic bacteria, which grow at 60°C, were obtained from most sections of
door-type rather than conveyor-type tested. The 16S rRNA sequences of the cultured isolates revealed
that fewer Gram-negative bacterial strains were found in door-type dishwashers than in conveyor-type
dishwashers. The most frequently identified bacterial species in the samples tested were spore-forming
bacteria, such as Bacillus and Anoxybacillus species.

Sodium percarbonate (SP) is often included in pipe cleansers and laundry bleach, although the
bactericidal effect is lower than that of chlorine-based agents. Effect of 2-[Bis (carboxymethyl) amino]
propanoic acid-chelated copper (MGDA-Cu) on the bactericidal effect of SP was evaluated. The
addition of 12 mM MGDA-Cu increased the bactericidal effect of 0.5 wt% SP against S. aureus even
in the presence of BSA, which is model of organic stain to protect bacteria from SP. MGDA-Cu was
effective against E. coli only in the absence of BSA and showed little effect against B. subtilis. It
enhanced the effect of SP to decrease the viscosity of sodium alginate, which is one of the major
components of biofilms. The effect of MGDA-Cu on sanitization was also evaluated by 16S rRNA
amplicon sequencing of the bacterial flora of the biofilm on an experimental model of a circulating
water pipe. The structure of the bacterial flora was more influenced by a cleanser containing both
MGDA-Cu and SP than a cleanser with only SP, suggesting that MGDA-Cu increases the sanitization

effect.



H1E FBFEOTEREEH

1-1 fBIRAEBEICONT

TEER KB ICIIKEZMERESETHHAT 2 EBHEHFER L BSHER TRE SN
TWAHLTHRABEENLN S EN DS, BMmLESFICBWWTIE, BETHEHIND
EBAEHREEHE, B0 L CHEMBSLMIEMERE - WX 22077 %
W3 2720 ORGMHVCHHE, B2 TE T 5 B REEHE. OBk B TY
— ===l DV X —F TR NEER T ERNETONS, WT
NHEBEBNICHREAI S KEZER S E THEYEZ LG T LEETH D | EEARK
ETER 7 A L OFERFENPRE Lo TV D, BmIIANEEDICT 2EM &
HT 20D THLHD, AL EZWHETLEEICTREKSCREMLEROAH
WAEBORIE KD 5D, MHENEME T, MO KEZ S & INE & # Y K
LEBMHAT 2720, KFRHRO LV VA XTI RBENMEL D, LA T RBE
R VAR TIEZD LT 27200, FHITEAZ X 2958 K O R B R,
VB EIC L DB ENDNANAL F T 4 L LDFEAERE & o AR R D 5
ns,

1-2 ARSBFCBITsHLEEH

BEICE BT HFRFASLEFRIIBREME- T, MWEEOROLL - BREIKT D
B IIEcEmE->T0D, EHNTIE 2018 IR M EES — ek E S, 2020
FoAICIETREZROVE) TRTOFREF T, RAFHE LOBEFERAEN LD
¥ 2 HACCP (Hazard Analysis Critical Control Point:f& & /AT E& L ) 12D
SHAEFHRIZOWTHELZEDRITNILR L2 &35, HACCP O il {23
AT STV 5, fERDOHAEF L, WIEICED 2 R CRM. B O Hu
HEEEED, KERBROZOEEICHTIEEGEREICL > THRET IO
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Tdhol-, HACCP [ZHE S AFH I, WiEICEbLL Z L2 Tl FM
BtoZ i Anns, #dg Mo E O TRIZBWT, BPEHR EOREE
WEZHNESEZTAEEO D DMEERN L 5T T2, HACCP I Z b O faEFHE
HEzBFRRRICESEERL, RKUHNLZETHDLZ LE2FERAT HFIET
b5, ENTIE, 1995 FICRHFEDO(EE R E L THRAEHATHREERED
AGRHIE ] 2N, HACCP IZ X D HAFHOA X — N TH DN, AZE DO L%
WNEMZHY PO BREEEITIKN oo, EET &L, HACCP IZ K % 4 & 2
EHSETFETHY, BmEEOERTH L T—ixEAEEH) D tHEE L TR
BZELTWVRNWEEREZRSR2NEWVI HTH D,

— A AEEEIT. BRAORV VNS EEE, MR, Wk B,
KLHEK - BETEM OMAEIICEDL ETEZIEIZDIE>TWD, BEMAEVWRAITL,
— R AEEHOBEBEREHEFEOO LSO THY . ME LT — 21305 ROk
ERH YR REBOEE, fAESN, BELXEROLR, AHEOEHFREIFEEOZR
RREE - R EICRILTHN D, BMBEERS CTIL HW o 2 BREMAED KA
CIE. MAED OB A2 N E T 2 EIE, EREZFM T 5 ATP (Adenosine
Triphosphate ; 77 / ¥ > = U /) HWEELE, F o X7 EERERNH Y H
FIRCHEIZ L > THEWSITENTWD, HEEIE TR, REMEESCERPHMAED.
ZEPREREME YT T L THEEL BEOHEHOFELZFH L, T
G DR ERCKH RN LERIGE T, BELITHEL XV E CTHEETT 5, ATP H
T MEMEZLIENOESGWEREST 2 HIETH D, ATPIFAEETVD T
RXRTOMBANICEENLIWE T, BUC OB ZE RO AFEKZ RA#H A
T& %, MEO ATP & & BWEUIIZHEAMN & 2720 VDI AW O/ IR 72
EDHNDIRIEL 2D, RZNVOFENGFHEZFA L, ATP 8Ly 7 =) &3
N T 27 —BIZXoTMAKGMENDIBEICEAET 27+ & EFICTH
EL.RBIEE L THESN D, FEFICHEHER CHESFEOHRRBN TE D720,
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BREEIZ, AVZELCRLVER Y "7 Beil T oA mA&x >y M T,
TERE DB RMERICH NN D,

1-2-1 EAROETEFEERD

HARENIZK T 2EEORTFHEDOFEARDIIT, FEAEMEEITHITVT 2019 13
1,061 /4, BEZIIORBAEmIZH Y 2019 41X 13,018 A TH - 7= (Fig. 1-1),
JFRRMERINC A D &, BAEFEREIT = XA, hrvansgd—-VoVa=/
al, e A NVADIETEL (Fig. 1-2), BFRIIT / v U A VA B ERA

JH— e VxVa=,/al), U2 HDOIETEN -7 Y (Fig. 1-3),
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Fig. 1-1. Outbreak of food poisoning in Japan.

The number of food poisoning cases and the number of patients in Japan since 2003 are shown.
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Fig. 1-2. Number of food poisoning cases in 2019.

Anisakis, Campylobacter jejuni and Campylobacter coli caused most cases of food poisoning
in 2019.
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Fig. 1-3. Number of food poisoning patients in 2019.

Most patients of food poisoning are infected with norovirus.

1-2-2 BRSFICBITI2EEMEY

BRICBOWTERY Lo 28AEMICIZ., BRE2BKRT2MEY L ARICE
Bh G2 DWREMENRH D, 22 TIE BT EORRKE & 722 2 W BEMAED IS
WTHRAR7ZZW, R BFICITHEEE VA AV AEOLORH 0 | MEMER T EICIX
w7 FUKRE, BEHLEREBE, YLVEXRTRE, horve s g —.-Tx
Vaz/al) BRETIA, BV AR, Vv aw, AV U XARERE,
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TANLAMBEFEREICIT e YA LARNET NS,

W7 RUEKE (Staphylococcus aureus) X, & NCEMMOKERE (FRl2fbiR L
o) REEN, MER CICAM LTS, @ERE hTHR4FHOE hRRSE
DE, KRB EZREL TWD D, S aureus 137 7 LBEHEERE T, &5 THY
T ORIy T bR W) BmBELEAL, ZOFERICL o TRPEN
FlEEZSNnD, =7 m bF Y EMEAPERTR <, 100°C » 20 2 DINEVT G 4
RSV D, IRHIIZER R 25 30 4305 6 IR T, JERITM L Wik 25 -
et - THl - IR R ETH D Y, RREMIE, HEEFEOFHEZI L THLES
e (Y, BIZEY, YUy F 0 AEF) BEU,

KW & (Escherichia coli)ii & b OFENICEFT L TEBY ., 77 AEHER
WTdH D, E-coli DRI E MIITEETH D0, WK &5l S 23K
ES S FE¥E S V. R H M K% (Enterohemorrhagic E. coli; EHEC) . I % 9% )
P K % B (Enterophathogenic E. coli; EPEC), #fu{2 AVE KIS E (Enteroinvasive E.
coli; EIEC) . #JF M KM H (Enterotoxigenic E. coli; ETEC) . 5 & - 35 M KI5

(Enteroadherent E. coli; EAEC) [0S 5 97, £ O H THRVIFJFEMEZ £
® 7% EHEC T& %, EHEC O M iER 1T 100 L EH v | EWNICEB W ToBES
72 EHEC O MiFM % 0157 " & % <, IRWWT 026, Ol1l L7x>TWbH D, b &
OFEE (10 75 100 HFRE) TRET LD, BAEDOAHA TR M Lo b Y
T5Z2 b H D, EHEC IREIBIEME NS 4 225 8 H T, JEMRIZ. TH - 1
- WU WIETR - War: - th X5 BERETH D 9, EHEC BFEAET 2N mm#H
EWIRN R BTHRN RGO MERELBE L, MENH S, RERAEMLIT, EEI2F
LINTEEARZOM LA, TOFEMERETHEIATLLHE - K2 ETH D,

YLE R T B (Salmonella spp)ix. . K. FEOEM O ENIZHAMT D
WM T LARERETH DL, E FOHESN DY L EXTIRIEEAL
25 Salmonella enterica subsp. enterica T, HiJRIZHE <, D BEBOWE THELET HZ &
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bHD, VIVEXTBEEOBRYMITRELD 12 206 48 FFE T, fERIT, K&
. 385 40°COFEE - THI - RIEZR2 ETH D Y, REREMIT, IIZ 0L
mhy AR B, WA, V7 F, AvRUCRETH D,

B e n Ry B — @& E (Campylobacter spp )X, %, . v b, 5. BAEH
Wi EDBECAERET D, 77 ARBUEREOWI KR TH S, Campylobacter
spp. W2 K DR FFEIX Campylobacter jejuni, Campylobacter coli \Z X 5 b D% <
DEOEHBEDOEMCTHRIET 2 O BRUMIMWEND 2006 7 0 & HEHERE L,
FER I NE SR - T - FE 2L - 5 - Rk 72 & T 5, Campylobacter spp \ZEIZ 55 < |
IR BEIB L NS . Campylobacter jejuni 3K CTHAEFTE 2 9, FE R W
T, BORLLLERHB L A—R EHERFICMEADR A+ b ORI D 2 &
A AR

I % © 7 U A (Vibrio parahaemolyticus)iE . HEE DD FIZAE BT HHE T, ¥
AKIBENE L 25 B ELN L SICMHET D, V. parahaemolyticus 131 3
PET, WD 2006 5% TRSAFTL, BEARICHS, HIEHEENFHNORFFEHTH
Do BRI ADS 8005 24 BEM T, AEMRIZE LW IESR - T - FEL - IR
e L Th s, FRNBMITHE R EOEMAENMESLCZTOMTRHNBE N,

t U U R (Bacillus cereus)lZ . LECHIN 72 EARFICIRS AT H, 77 A
Bt E R B T SRV EAE 2 FF D, B. cereus 13T AREHELE L, ZTOHRDE
gL g & 29, B cereus | XD EPEITITWILRL L THRMAH O | FHNTIE
BRI L2 b ONRRY2 HEDTHWD, RHERT, £ TEsnLsELY Y R
EMEEINDBRIR_TF FOBRICEIDL DT, THRAEINIENIZTA > TZEH B/
TS ABICEO NI EAEOEBERICEDZ LD TH D O, NE - o> ¥R 517 1
MEEND 1006 5 KEH T, ERITEE - HERXTH D, TR OERYIM TR
MH 86 16 B T, JERITTH - EIF - RS - K[ THD 0, KRR
A lIOKRRLN R R EDBBEDN L VD KW TR A RIEM BB SN 5,
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v T )V ¥ 2 i (Clostridium perfringens)id, T3, b hOEHYOBENZ L HK
FATIEL 54 LT 5, C. perfringens 137 7 LBGVESERE AL E ©. MR K HE
THETE, BEFE T TIEHBEMHTE R WEREMKEME Th 5, NEIL, HIHE
TEHEICyv A2y T bRl mBEEEATSL, ZORETS
BWED & o7 BT (60°C+ 10 77) ICX D AESGICATEILI D 19, BRI
TR NS 6 05 18 Il T, JERITTH - @R TH L 10, JRIK &R MmIZ., K&
TSN MREINTED L —RRA =TT, MBRBERBEIZED BORZ N,

N U XA (Clostridium botulinum) X, THEW)I, #E72 & B RFITIA < 5
LTW%, C botulinum 137 7 LGMEFREEAERE T, REKSEECTH L, I
HICHEEORNMRERLIELD . SEWET, INELE (80°C - 30 47) THRiIET
W, R, BBAEND 122000 24 Bl T & &L W, THIICKR W T,
1% ARSI » O F W - TR - RS - AT - A EE 2 B o B R
JER2NE Z 2 9, IR RMIT, HiEO. D, B2 Ny 7 &0, BEEMLR S
P,

J v A )L A(Norovirus)lt, 77 A1 AKDT T A RNAZHL, = X1 —
THEFFIER T A INVATH D, Norovirus ITHIE L0V /S < R FIE 30005
38nm T, b FOFETLNMEIA LRV, & FDOFEERLH T2 ED 2 KEIZH
MLTWD, REPTERIAE RS RYOIMAEFTE, PEOU AL ZXE (10 7
5 100 M) TREYT 5, BREIFIZ, BED 24 705 48 KF[A] T, T - MEH: -
FEA-MEER[ TR 2 ETHL, JRRBHIT MR ZHEDOERETH DN,
L FEEDOFHERLEELZN LT ZRIGREINTEEMP IO TA NV AT LD RSP

FORKD §EIEZ EH TS,

1-3 BESBICBIT 2 ERESE
BT EICB T DI 2RI bl b, AT, VAT v FETGRE
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REDORKERBEHICBNTL, FARHACTRKREORBELZEREG T 2-D0EK
MBEBRSHEERTHE (LT, REREIKST) DMEAIATVWD, &4 LTI, K
MESSIM T AL E —REETDOONary T FRETHONL I T
FEEETDEOORBATEES, F—AVBHESH v NBEEREICHW S
KUEHEHREN D D,

AL I, EEHABRBOMAEY L HIHERERICOVTCHEEZIT -, B
EFEWAEMIC L DMEEWNEL LTI, MEE, VAL DERBICL 2000 H
LDV, AEHRICLDI2BEFHRIMVENTHLZ L&, VAV ATREFORIERE

REFTITHEIH LW &b, IRE2ME IR o L,

1-3-1 BXRICBITIEBRARBERGFBROERL
ARICBWTEEEROE PR LTZOFFHE 2 kIR KRE®ZEDOZ L TH D,
KGR O K FEFCHE TOEMGRENIBE o TLEHIT, REDO RS2 Tt

EAITFRCZIT > TR, TTEERCTAR 2D b, 7 &L

TREHRZFMHAT LR 5CR o7, TD%, 1964 FORKA Y By 7 21T

EHNTET AT —LRNEZY, AT AVOFENICKEEO BN R 2 &8 A

SN, BUETIE, BFBOLRWIRRIERH 2R &, fHKER, A7, L

ATy, Fz—VIETORIEHEDOE L FITIZIE 100 % TH D 12,

1-3-2 EHRAEHREHEOFHE
BEOREEO ERIZA TV — (EH) 24T THD, BAKDOERIZLD Y +
— =T AT EENOHHEN TR L TR, BRHERmEICHWTHEAE
MO DR DD, KT ETOWE  AvrbEit s, WE, KE (B
), A (B 7)) O3 BEROHEDNRICL > THEALNE L LMEMATH
o VB LRREO%Z, T &/ Ao T T HEAES S, B4R E O URE RN
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TIPNLTTELERID D,

XA RGOS TROFTERREIZ, BHFLEPGTFELRZ2E8DETYH
DTN 1 0RETCH D, & LRERICBIT DIREIL, WEEREN 60 205 70°C, f k
T EWE N 80 225 85°CIZER E S LTV 5D, PEHIRE D 60 75 70°CIT# E
SNTWHIHEBIE, Wi, o X7 T Uo7 lOoRBRGLNR SR X R
ETCEHREHFTCHLEOTHDL, o, L EFTFTETOIRED 80°CLL LT/
He, RBOHBEPRESN, ML IBRBEDIRTRSEL LV HAENITRSZ &
DARE L 72 5,

1-3-3 EBEHAARDBEFBOREER

EBHBEHIT, BROLHEENCL > TUMNIOLONLRE DO L O F T
iz 2 Th o Ny FREH L a7 c o ESh D, Ny FRUTIE,
ToHE—=NGBE—=EAT T —=REALT RTEATRNHY ., EEONMAICE
WEWRT v 7 ERABEE, WiE» O EF 59 E T2 RXETIT O (Figs.
1-4,1-5), Wy x o 7 OWHEKITBVIELER I, 778 (Fik) BALZ
EWCEVEHFABA—"—Tn—L, —HPESHBDLIEMA LR >TVD, T
VHE—= I B = ZNI T E LB, B Eo/NREEIERS S T
AWHEHHAE L THASNRD ZEBE W, RT XA ZI3/NHE D & d O 8]
BIE-VARNIURETIHEELS LN TEY, 7—RXA T ET v ¥ =¥
— & RT7 XA TOFETH D,

—FH, arxX7RIZF, Ty arxXT T I LVAZATRHD BEIET
vy FRiFar_X7TciERoh, EEsLE EFTTEOL TREEZBE L RN
S I 5 (Figs. 1-6,1-7), HEREIZ X » Tk, ¥, L LIP3 902 TED
LOMND, TR, BE. HRT IS A LTS IS0 4 TRE2HATZLDOE
Thd, ar_XTROKOENITAHKRKNE > TEY | & LEOME EF T4 &
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RCIZZ 7B ( ERERZOTTEEIE, iMLROBERS X7
Zrr HiEWZ 7 ~ERSAEMHA SIS, BB BEDIBEIT 5720 ik
RPN TEDLEWVWI AT v FRHY, ARFHATREORGLZEFT LT LD
BRGSO, FEP. R FER Eom Bk LTRSS,

AT, Ao 300 A O HEHIOBLE LY 7 ORBENRR LI
NS TTFEKBEOGRERDEFZUTOR KL A TNERE 2> TETH
2, BRHBIAENDIHENDOEITED LRV D, FAKICKDWEE KD ANED Y )3
DI D & WHAKRKPBENRNRLT LS 2D, KVENTWE 20 2 vEiAl
WMRODOENT WD, FLRIETEINBEXEDOANFARRICHIET H72DIC, Al B
RNy b EEAMZ FHTTELVARATALHESINA TN S,

;ii:iii‘: Door
\ \/) Rinsing nozzle

Strainer

Washing nozzle <

I

— Overflow pipe

Washing pump

Detergent|
solution
Rinsing pump > .

(A) Door-type

[ Washing tank

Fig. 1-4. Diagrammatic representation of door-type dishwasher.

Washing process and rinsing process are performed in the same room. In the washing process,
the detergent solution of washing tank is ejected from the top and bottom washing nozzles. In
the rinsing process, fresh water is ejected from the top and bottom rinsing nozzles. Part of
rinse water is reused for the detergent solution.
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(a) (b)

Fig. 1-5. Exterior and inside of door-type dishwasher.

(a)Exterior of door-type dishwasher. (b) Inside the door. (¢) Washing nozzle and rinsing nozzle.
(d) Washing tank
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Washing nozzle Rinsing nozzle Final rinsing nozzle

/)
T —— .
U F W Curtain
—i e e e s e :o>
O O <—| Hot water
/ Circulation pumpl Circulation pump @ \ Final rinse pump
Washing tank Rinsing tank
L VN T )
T T T
Washing process Rinsing process Final rinsing process
(B) Conveyor-type

Fig. 1-6. Diagrammatic representation of conveyor-type dishwasher.

Washing process and rinsing process are separated for each process, and the tableware moves
on the rack rail. In the washing process, the detergent solution of washing tank is ejected from
the top and bottom washing nozzles. In the rinsing process, fresh hot water is ejected from the
top and bottom rinsing nozzles. Hot water used for final rinsing process is reused for rinsing
process and part of water in the rinsing tank is reused for the detergent solution.

-17-



Fig. 1-7. Exterior and inside of conveyor-type dishwasher.

(a) Exterior of rack-conveyor-type dishwasher. (b) Rack rail and washing nozzle of rack-
conveyor-type. (c¢) Exterior of flight-conveyor-type dishwasher. (d) Slot of tableware of flight-
conveyor-type. (e) Washing nozzle of flight-conveyor-type. (f) Rail of flight-conveyor-type.
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FEMBREE EGHEBEE IR, TREZOMERFH N E RS, FEH DY
BlX, Wl 79 R LEAS LN, EHFEHAOSLSA. iF. T LREOR
THBR LRI, FTERMIT, REEOSE. BiF LRI 152756200, 77
TLAIZ 20005 30 47, Hol LHREIZ 30 0 THFF 70 225 80 43 3 in D DITH L,
(EGHOGE, BE PO T T EETOTXRTOLEICKHERKERIZDT 2 1 4
BETHD,

1-3-4 X% M &2 T A A

(GHERECIIERHA TREORGHZEH LTI R bW ), I
TR TR REE D EAT 27 A0 D EO®RESERNER SN D, AR
AT 72V O pH UL 10 205 12 & IEF T @ W, BEid Al O TR AR IE L AR Bk
EE (e y 2 ROBEF, by b, 7Ly heE) BB, ZALEHAD
BBt AGEE AL AW T, BRIEEENOWEE Y V7 i@ &I S D, WAl o
RET, EEMEEFRELITERCEEICLIIREEM TRV HEIEIND,

WHRIZEETA T L —IBH SN0, TORTHER D ZHT 2L 5. Ik
FANTIKEREETH D Z ENNAFRLETH D, ElSIT. KEEO BEE (7 v
HY) EXFL—REITHD, TAHIVAOILEERICEY, o X7 BT L 0K
DTEORTF RLT WIS, ML UALBUGIZ £ 0w o i S bR &
Ehd, TV ENL, KEEETFT N U A KB D DA EERRIE ., R 72
EBRHWLND, FRIZZ N EBIGEICK T H2%E 0. 7B VHOT7T VY
BREE B L BT 5, L — MEITKEREA OZRE ZH 0 BAR
VEEERERAVWLNTWD, RIEBIIEIBELE RS-0 EHAKFO LT A
A F R TRV T LA A ORENRE G FEERRE) & KON ER LT
NIRRT (R =) BPFE LT RS, ET7 0B VAR S ZR PO
TELIRFET AWMU L TR A7 — L2 AER LT W, B, MIEERNT L
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AVICE>TWIESNTHERT 24T, KPFOo&RBA T E/ERODVTERE
AR e ElE TS, FL—FAGKZHILT D2 8T, AT — LA
Bl & P D OMEFFICTHFE L TWD, 2D DDLU E | RS niziGii
K2 F I LW oM O o IERYENE ) =4 U RmEEA Wz . '
MOEARLLS THIEDOEOICHBREAAZHA N T L5603 H 5,
THFELRTE. BHaBHEL IR RHEENICHBRIELZDIC, TT7EHIC
LA BAD (V) 2B LRI D) ZIRINT 221320, U ARIDRIC
X, ZV kB U VEHRT AT ALYV E X VERBRT AT Ve SO/ LRI
JL—ROIFA F BT HEEERPH NN D, U AHIT, BaRmEIAHE L
T TEKRKOREENZ T TKEELEH—ICHES OIIT LT, LHEOMREL
UV —H—ARNy hOREZIHT L8RP H 5, HKlr TIEVEHEANI EK mdE
WU ~—ZRMLU T, B ERRICY 2R OkKBIhBEE U —F2 — AR v
M) MG SEL Y CAFRAEREA b T HICZ T AL TN D,

1-3-5 RBEEBICBITOEFFOREZR

TR DO WA Z AT, F7 XA TWHERBS L O o _XT ¥ A T HRE#KIC T,
BWICHEBBENEHIE (KBHE E coli 055 & LHHE) 2538, TORED
FERBRLEBEALNH L, ZORRICBOTEFZET X TOKRBGHE IR ES
e, LEEITDbTNCEAFA LR 1D,

1-3-6 RAEFHENOERER
FREABEROHEAERICEATI2BREAN N 2 d D, EHHITEHZED
WIRBEO I EHRICOVWTHEL THEY, FEAREER TIRERLEND D b
DD, Ny F R KNS B D —FETdH D Exophiala dermatitidis 75 %%
s e@mE L DWW, s vk, GFREOL DN RELETH S
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ZEBNG Mo TVD Y F 72 Raghupathi HI12 X D58 Tk, MAEWIT. &
o X5 emiik., & pH., mERE, R S 2 MRRETCHLEFTTE., &
WD T LY — LE DR F T 4 VA IFMESCEEN DS b
MEME SN TWD 9, Zupandic ([T L D&, TR —VEHFITIBR I NIz S A
FTT7 4NV AIEZEESERME EEERNFAEL, FEOME OMAEHLE TA
A AT 4V BTERE DR NR bIv, Exophiala dermatitidis 738 £ % &
WEE BEENENT 52 ERMRIN TN D 19,

1-4 EREEOEFT CRIT KRR
1-4-1 VIV F X T BRYIE

R CTHHTL AR T (Legionellosis) 235851 S L7z DL, 1976 4F K [E 7
ATTNT 4T OERMEANSTEMAMEDNREELTZZ LITHD 1, T OREGLR
ELT, SR LRoRTVORAENRHEEINLTND B, ZO%k, WHHTIE
VO R TIEDOEMBERENEBEDO L HITHREL TS, BN TIE 1981 Fl2 Ly
TR T HRDEGDHE SN TWDR ., T ORBEED E E > 72 DI% 2000 4 LU
T, JBHENEZ TE ORI R>THLLTH D,

VUARTIEDRIEE TH DL LI AXTREIL. BRROKRZR LI
FET D, ZORETHAECHEEAIBRE, EIR, KK - mEaRE. HAKEDKER
Mgk, N L2 KR A MR (N LERBEAK) THEL., 2 b OB EERFIZR D
ZENHLNATWD

L VA R TREIL, Legionella pneumophila #fXF T HL VAR TBEICLD
WHBERIE T, LYARTBEAZEZDKLEE (=7 r Y L) OHEZRAT D
LKV EELRIET D, LU XTIEORBRMMIZ, 2205 10 HTH D,
VOA R TR EIEDOM AR EBIEDOR T 4 7 v 7 BA N H 0 | WKL T
X, 2 ERK, BUR. BARRIR, MARR EOERICIHEE D . %R 38°CLL LD
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mAA L g, PPN RO D K oChh D, RUT 47 v 7 BIRITIE,

o

B, EBR, HAFRREORERT, KA THDIZ EBZ W, ka2 +EHRE
AN O i RO AR R RIS, BT E . BAERE . RERESIET L
TWH A, VLUOAXRTREICLDEPEY AT BNEm0nEIRTWnd,
HAREWNICEIT 2 VYA R TREDOREEMFBUTFE 2 BINERICH Y . 2019 F12
I% 2,300 iz L T b (Fig. 1-8), ik 39 FRIICHAE L7 L YA R T IE DIk

PR CREMED R BZVOIFER B T, 2K 70% %2 5 ® TWw 5 19 (Fig.

1'9)0
2,500 2,314
2,142
2,000 16012733
IS 1,592
Q
91,500
ol 1,248
2 1,124
O
< 1,000 893 13899
g 668 7177518 8
z 519
56 154 g6 167146161
0
AN O —= AN N I n O > 0 O OO — AN N T n O > 0 &
AN O OO OO OO OO O =l e e e e e e
AN O O O O O©O O O O O o o o o o o o o o o <o
Ll o\ N o\ I o\ I o\ I o\ N o\ I o\ BN o\ I o\ I o\ NN o\ NN o\ IEN o\ HEN o\ IEN o\ HEN o\ NN o\ N o\ IEN o\ BN @\ |

Year

Fig. 1-8. Transition of Legionella infection.

The increase in the number of reports of Legionella infection in Japan.
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High pressure Unkown

clasning equipment 9%
3%
Humidifier
3%
Water supply / Hot
water supply system
6%

Cooling tower

9%
Bathing facilities
70%
= Bathing facilities # Cooling tower
= Water supply / Hot water supply system Humidifier
= High pressure clasning equipment Unkown

Fig. 1-9. Source of infection for Legionnaires’ disease (1980-2018).

Sources of infection for Legionnaires’ disease during 39 years are shown. More than 70% of
the infections occurred in bathing facilities.

1-4-2 VYA XTRBHE

LU R T BEIIHERMEO 7T AEMERE THY ELFO, LY R TE
IO, L, ELRR, BEAR SRS ML, BREPTET A "R LD H
RWMBENICHEL T T 200 ETCHL, ZOHDOEHEHKE pH X 6.9£0.1,
0 7 B IR 1 36°CHIE T, 45 205 50°CLL ECTIEHIE L7 W 3Bk 5, T
FTICHEESNTVLLVUARXRTBREHOEMIZ 60 FHEAZBA TRBY, ZOHT
b H KW IR K, 8BRS D B S 2 HE N & WO DR Legionella
pneumophila TH 5 JELHEE LT b OLDBESNDHEM Y 2 O L. pneumophila
A A
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1-4-3 NAFTZA4NALELIERTRBE
NAF T 4 v (Biofilm) & i&, AW D BRFREICATE L THEHET 5 RFICTF
RS, EMETH D, NAF T 4 bE, ZHEE, ¥ %2B, DNA 28D
HR s 4y 738 (EPS ; Exopolymeric substances) < #EREHEAE 70 & 28 B M
Mz a AL TEEEZ R L TS, BIRREIZBIT 22347 4V LD
BRIZOWTRT, ETEERERIIBNLEICL > THAEDMRAHE LT VIR
mHE, AT 4 a =TT 4V ANER S A AT WA AT S T
HEDIER D, MAEMIHEERNST 7 U VEBICL o TREICESE, Z0iH
BAEIE L, XD BROWARAWRMAEICBITT 2, £ 2 CMlaMMCZRESY XY
BH.DNAREDEPS ZHMH L, vM1Znam=—nbNR A4 7 4V h~EHRE
LTWL AN F T4 VAITERIET D EREL MAEDITH L WERICBE T
% 20, EPS 1A Wl e 1R S04 A i e & [ R 2R T oD R AR L B0 A T 1 L B
HboTWb, #IEE (Pseudomonas aeruginosa) @ EPS (28 £ 15 M4t £ kD
FERRTIE, TAXBE (D-~rXn e -7 ey BAEHEALERY <
—) EPsIZHE (Fra—2AEmERETHRY ~v—), Pel ZHE (D-7 /L3 — R D-
YY) A L-T L) = ANLRDIRD 5 ZHEIRRY ~—) THDH 2,
NAFT T 4N, MECERE., AW R EOMAEMORIK LR LI F
XTIBBEIZE 5o THRITOWIOG LD, NA X7 4 VLIHNEIZAETT 2MAE
Wik, ZOEIZFONTWD o), A OBREMFEHMET L, WEHR F L X
CHIPIEE RS, Lo T, NA AT 4 v 2 EHIBET D 2D, Bk Z M 5
HERBEAMEFEET 50, WHNARBRED D5 WVIT L FER R IEERE L FIER RV,
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1-4-4 ERWBECTOLVIAXTRBEOHEBEA I =X A

LA R T BE I, BRI CIEEENICRET OIS AT A VDR T
TA=NIZHFEELMMET 5720, BRESA+577 s lidicmiE LT 5, 18
ERBEICBTL2LVY AR T BEOHEIEA I =X LIZHOWTRT (Fig. 1-10),
KAFNITHE TN N L S AFAET Do £, — BB SO0 8 5 28 M B8 A3 B L |
NAT T 4 IVERFEBE LD D, IREAICAA T T A VLITELRY T A — /3R
EET D, TA—NEFREBEHNCLYARTIBEHEAIRD AL TSR, LY A XRT
BEITHE M E RN, BRNTHEMBEZRGT 2, LYAIXTRBEOHEIMEICLY | &
BT KRELS R BET A= NFMRE L TCoOMEEZRVEHET S, ZnicL Y,
VUOFARTBEIIT A ="M S, O LWE E~ LT 5 &0

DH A TN AR,

Bacteria, stain

General bacteria and Legione”a
heterotrophlc bacteria Amoeba '
% o » BIOfI|m » e »
"\ L
1) Biofilm attached. 2) Amoeba 3) Amoeba takes in
establishes biofilm. Legionella into cells.

7T)Legionella is

X EEN X LE Y.

4) Legionella grows in cells. 5) Cells swelling. 6) Amoeba loses its function

as a cell and bursts.

Fig. 1-10. Growth of Legionella in the circulating bath.

The growing process of Legionella in the circulating bath is shown. 1) First, general bacteria
and heterotrophic bacteria grow and biofilm starts to attach. 2) Biofilm thickens and amoeba
settles. 3) Amoeba uptakes Legionella into cells. 4) Legionella starts to grow in cells. 5) Cells
swell by the growth of Legionella. 6) The host amoeba loses its function as a cell and bursts.
7) Legionella is released and infects a new host.
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1-4-5 JERWEOMHEE L TG

B Al oA X % 777 (Fig. 1-11), Wi OB EIT. £F4H. HBRA V7,
HIMIEEZ B BAZHAE TR I N THOBMEICR 2, BB NIZIE, KRG,
BRI A, AT =LV EDODHENBREREL TWATO, XA F T 4 VAN EL &
LTWDZENRZ WV EFERFICIEKICEASNSERIREE (02205 1.0 mg/L)
TIE AT T4 N LFOLIFXRTRBEOREICIIAT S THLD, BHED

WA F T A NLEDOREZITHOIZENDNEETH D,

Bathtub Circulation line
Water outlet < I
Water inlet I O
K] L\
Hair Circulation Filter Heat exchanger
catcher pump

Fig. 1-11. Schematic diagram of circulating bath.

The hot water in the bath is passed through the hair catcher, circulation pump, and filter, is
warmed by the heat exchanger, and is returned to bathtub. In the circulation line, a biofilm
includes a large amount of dirt such as sebum stain, soap scum, scale.

BRI OMEFFEBICB W T, HIZ 1 B EORBEEZE D 5V IZEEgEK
FHEENCEALTCHEE - HHET DN LU X TRETHHEHICED b
TWD 2, £, AREENICEINA AT T 4 VABRBRI NS T WIZD, FIiT 1
EILL EDASA AT 4V ABRENLE L SH, Bk #E (Hydrogen peroxide) (2
NG 3%EH) ICKDMEBPHEESI N TS 2, LrLARS, B kFEiLHE
YR OB EAEIE CHEMICHEESN TBVRVBEWVICHERENLETH DL Z &,
A PMBTEMTHDL EVSTZREDLH D,
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1-4-6 BERLKFELBREBT FY UL

W LK F T, AEFR H0 CRENDEAZEHOEEKETH 5, FhiEH TIEK
BB 1 4S040 B O S BRI A o0 B B TR A OO AR S L o BB A 7 &
LTRSS TWD, ST MY U LmBEKIFMNMNY (Sodium
carbonate-hydrogen peroxide (2/3)) (&, #@# ., @Wmx®E > MU 7 & (Sodium
percarbonate ; LA N, SP) & FEITIMN D, {53 2NayCOs » 3H202 T/ S 4v, RIE T
MU D ALEEEBEIEAKFEDN 2 mol: 3 mol DIETRE SINIZMAIMEEHTH D,

(T, KIS 5 & BT b Y v A kKR ICHEEL . 1%KERIZT LV
UM (pH 10.5) Z559, W@EILKFIIKT CTAREBBICOMT 2720, HH
FEAA L b L TREEAMIK D,

PiX. MARROBEERTH D7D, BMEOBBILKBIZHXTLEEMEL ANV R
U ZHICENALTWD, 207 SP I, WEKROWERZ UV —F =i o N
AT 7V —F =L LTELLFEHINTND M, MOEA LREIZEBIT S SP DY)
IRE R, 0.6 wWt% TH D 29, AMERTIL, SPIXTEBEOEAA & L T
HanTwsd, SPOEHMRITEHETIEZEWDS, KIETITK TS5 2, SPOD
BALRE NITHEBFREAA L 5507, KIEMHE CIXEAEMELH & OFH S
NoHZENRZV, EREEMANL., TR EKRITEASR R L2 VWEERILEY
Thon, BB KKZESLSP LT LML TOmWAERERES AR L, 20
A B e A ARV R 2 T D 2,

1-4-7 &RBEEDIER
EEEEMEAE AN, mEREKES SP L P EMMISICE > TEADRZ & D
KL BEE IR AR ICE DR E SO D, BRI B v T
. R DS RBA A TR FRES LG TH D, BfL L LTF
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Lo YT 2 UMUEEEE (EDTA) 280 % L— MAIBA WS D, KMEFEE 5%
T EADREZESD L DICEREE(EAIPSER SN TE S, BICHREENE
LoD EEENIFH S TWD, B L X, Wi bkFE L EATEMELA
DONEDTHDITNID ) ANTXF IR UB ALK CEFT Y A (OBS), B
XM & AF LT Y v KR 2-[Bis (carboxymethyl) amino] propanoic acid
(MGDA) Dk (MGDA-Zn) & OPFHIRIZHOWNTHE L TWD 29, OBS I
WEEILKFEDORKIBIC LY AEHBEBE AR T 208, ZOHREIZHE VT MGDA-Zn
(. AR e D B AR~ O R R BT I A R S R R & R T D B IR N R
DIEMZHET LI RN 2, £, EREZEKTLIF L — FMEIZOW
Ti&. EDTA°= U v =Ffg (NTA), 7 =R, A X/ " FEfg (IDA) 72 &7
BEtSNTWDH 2, MGDA i b BB N Em W L 2R LTS 28,
SEEERERAEE LTER L& BEERIT, BREEEmN L& %L — MO
Y FEMED 5 . MGDA & i @ $% K MGDA-Cu (2-[Bis (carboxymethyl) amino]
propanoic acid-chelated copper) TH 5, FRENRZFBET 2 O 1%, WE{LAKFE N
ST HBICERTAE FeXx T Uh L (- 0H) Xt KaXLbtFo LT
YA (+ O0OH) 72 EOiEMERE%EFE (Reactive Oxygen Species : ROS) TH 5,
ROS DRI, W E /K3 M TITHEAT LIZ < WA, @i A > O MR IZ &
DRES N D, T OISHEIXERN &80 F L — MEIZK > THIEN TX 2,
ROS TSN m < AW D X /327 X° DNA 72 £ O JH H oL FWE % FEE IR
icifb L, HBiEE 5 25 2930, SsERIE, WK BENFET DR | filf
ELTROS DAERMICHYIRLEM S ND, (HLxmfk Lo KH#E L, K&
MIZERE L KICOMREIND T IEFICT UV —2 72 kis H1ETH 5 (Fig. 1-12),
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éomple} C 3 |—|202

4) Copper complex repeatedly
activates hydrogen

Complex 3 “Complex peroxide.
1) Hydrogen peroxide is activated 4 The reaction reaCtlon
by the copper complex. ‘is repeated

v
(/Uoljﬂﬂ s P CD

\ 4

N 2
/% Staln Bacteria / / So7 /

2) Copper complex activates hydrogen peroxide 3) Hydrogen peroxide that decomposed the stain
to remove the stain which is stable in the is broken down into oxygen and water.

presence of hydrogen peroxide alone.

Fig. 1-12. Formation of reactive oxygen species by hydrogen peroxide and MGDA-Cu.

1) First, hydrogen peroxide is activated by the copper complex. 2) Next, copper complex
activates hydrogen peroxide to remove the stain which is stable in the presence of hydrogen
peroxide alone. 3) Next, the hydrogen peroxide that decomposed the stain is broken down into

oxygen and water. 4) Copper complex repeatedly activates hydrogen peroxide
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1-5 AAFFEDOHE

E Rt =B TR 2015 IS Fike rlRe 72 B %€ B AR (SDGs) 28EEY I v b
THRRSEN, BALEMBNICEY A TWD, MEKEEOREREZHET D
ZEE, TRTOARICRHERAEE EZRRAKEREST 2L VI R THEHRTE
HEER D, T TR T, WBERKEBICHFEAET D2MEOSHT B L VBREIC
5oL, 2B M ABRGEERPHES L OHERBHICER L, Z0MAE
W BR 8 & AT L. HTAERFFICAE D REIHFICOWVWTRET 22 L2 ML T 5,

EGHARERTIZ., RMEAEOBAND RIEMKEZ L 0 MAEMICHREE LEM T
B, KEOFBECHEA SN TS EBHREREZXIRIC, ZOHERERERIC
ODONWTHAELLL, BEBEICL - THLNTLHKORELITI Z LITX o T, BUEHK
DENLEICET T 2MEMOREBEZ N L, X A U O E K OIS T
Do BIZEN D OMEE T D Ve o6l 2 R 25T 5.

AW TIE, VIOAXTEOHRE THDL L IR TIBENELET D
AT T ANVLDRENRBEL RS> TWVD, THRIBHOBEICNET 23447
ANV LDBREICITEBIEKBELHEEI N TV DR, ST R 7 HERE
W, TIZT, BMIKFEICRDOLIEEFIEARET 2D, @BRET Y UL
EXOBRESEE RO DRI O TR L., S8R DR % B IK~ DR E
RENALFT T 4 N AREOME NS T T a—FF 5, BT, T VEE TIERK
LA A7 o v b2 A0, §EROFENEEICS 2 DB EMBTT 5,

1-6 AFHC DR
K LIIUTOHE1ENLESEEIZTCHREINALTWS

H1E KPEOERE BH
H2F €GN A BRSO M E O fEdT
H3E KRS b YU ADOERERE ISR D SR DR
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HA4E FERABEETCTHERLEASAAL ST 0V LOTHBEMYT

%5 E O OREh

t

X

FH2ETIE, 200X A TORRLEGHEERK 1457 (K72 47 23X
THEAT) DHIHENERIL, HBIEICE > CHIRME., 42VEME., ZEOE
BEWELLE, SBHIZEBLEae=—2HEEL 728 % 16S IRNA #E{s 1T I
FoTREZFAE L, AESNHKEZ RERO XIS TRINCEEMRT L, 20
i 2 Z 48 LT,

BIETIX @RS MU U LIS T 2R OTWMARIZONT, KIBE.
WET RUKE, MEH, VYA XTEEZHOTRHRIEL T, £ 14 47 0 VA
DR TH LT VX BT M) U LZ v, SEEEORMNAEIC L D3 A
F T AN BGRHE~DRBEERGE LT, BIZ, REOFEBRIRMEEE X7
VI L, MELEAALA T T 4 VA TORERREIT - 12,

FAETIEMEEARERET LVEH VAL LT 0 VA ZER S E ., #8 KB T
MU D LADOHROEE LEKEET MY U ACEHEEREZOA LGS & TR ER
EAITW NAF 7 4 NV LR OWEE D 24T o 7o, Wi, BB/ RETH

OB RBLB AT A T RN —F Y — (T TV arr -
7)) HHWIZ,

FSETIH.RIELLTAMETHLNTLMALZE LD, SBOREITONT

7=
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F2E EEBEFBBRBESHENOME BT
B
EBEHHBRBIEEHIT, FEMOLO LT, XV EW pH O%EH T
HOomWRETHEHFIND, MEICIEIZOX ) RBEERRECLEFTTES L
DORHY, ZHOME I E GRS LR H L, AT/, VLA KT U
W2 ETHAINTVWDLI RT XA T 6HLET L RTHAT8HEDGFH 14 H5DE
BHREEHK A2 5D L, SCDLP £ KE;#l T 35°CH L 60°CTH & L AE W H &
HE Lz, o ME (948) ® 16SIRNA O T 21iT-72& 25, 23
B 84 BRI EINT, RT XA T TIET 7 LBMEREN 9 & 31, 77 LK
HA 3B S THY, av_XRT XA T TIET T LBMEN 10 B 27 ¥k, 77 4
BEHEEN TR I8 ThoTe, RT XA ST a X7 EA TV LT T AEMR
WDIR N EBR B MNERoT, miR (60°C) THAFT AR MGFEMEME X KT ¥
ATDLA4B AP EONTEN . 2 XT XA THBIT 1B 1RO AREL LT,
AEFELZT T BT, BB EN & - M # 13 Bacillus J& X0
Anoxybacillus J& 72 ¥ ODFERERE CThHh 7=, 77 AEMEEICH L T, 94T
RO®mESLKEIZE > TIMHINELEZ X DD, 7T L% E O Sl 13
LS, BUEWAT V0 U EEANZ X DBREZR B KV,

2-1 5

BRHEOFEKOO L DIC, “RBEICEDIBONEL BRoN D, ZHIEEMZ
BOP-T-MHEBFEHOEEREEL A+ ThHoToZ LIk, ZZTHEM
EREIE L N2 L THORMZHRT L2V DO THD, HEDICA
DEMOBENLRER N FEEZ~=a2aT7 MESREBELTETHLIN, BHS
FHEMHEOEE R O =T =2 a VICED I ES IOV TXE T2 ) <
TV, EO Voo T, RHEBREEEZEGRT 220D REHIC OV TIE, FFIZTE
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R TRICATEE N TN RN ENRE HRIZE 7 DO REDX X U R
HELTWDT—2AREZLAboNd, TNUHEAAF T 4V L THY | BH OBE
TRTHEBRETETILE - TV EEILND, TOLDRGHR EOHEY
ERHNLTARICATESHAOEEENBEIND, FEEEIZ, Wernersson H X
Francis & O TIE, Wi CORBIEHEBEOEH I N T, BREKOIGAL &
WHEIIBY, ZEBRZHELSZEbHESINL TS DD, Yoshida Hix, LA
X TBMEIC L VBRI NTZKEEORE D &t LI-BIWmEN S O Legionella
spp- PEHIZ DWW THE L TRV | BUEEN L U4 % 7 J8 M OB ALER 7275 L i
272D AREMEZ RIB L T D D, LEER-> T, BREME ZOF THRF SN D R
HoOMmAREBLZMER T 20BN HD Y, EBEHEERIZ, &, & pH TH Y |
MEIC L > TEHMRARRE T THLIZL 2L T | BEEADHE SN TS,
JEHRBEHED T LM — D BEESNTEANA T T 4 VD AW 16S
RNA ODRMR = U T RER L THfrEnTng 9, MAEMHIZITZHE
SR MEB LOCEEOFERRBI N TEY 909 Z Ok iT &I FHE
WK TERSTN Y, LLARBL, fxla X A7 ORBERE TOMEH YD
B 2 & T, MEGREZ RO THT 2103, MEOREE L &Rk
WoEATEOBRRERATOILEND D,
FENOHEEERELZITOCHT | RIERITI N T I AT La X7 247D 2
DDERND A T HN—=IRNZEwm LT, T VEEAICELIMEMDRE
MK EASWEERT D720, WifK e O8RSy L BRI o2 Uiz, £7-.
BOCCTOHOT T ELREOKREAEALMIET 72D, kLT T INRHENTITD
WD RT XA THEHE, BT TENEEUONTVD a7 ¥ A T
L oENHIHAL,

REMAEMORE EHBRBITICHTZY | TOREFTIEZONTIHRD, B4
w5

O
>
=

\\6
AVRICES SHIBEEDOIEEO O EDICAERBMD H 5, AWHIT, RS RE

bl
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DMAEWIGYRORE RTIGYEEE,. AofmAENSME 4 » 3 HEREH L SN
THEY., BEOL VN E ShTWwWd, AT, EEERE L2 ] T
SR A TEREBELEPEMEOMERD Z & T, —RAEEK LTI TS, &
FHIBREROERE LM ET 572012, ZOFEICHIY — AR E O E %17
ST, W, BEECIIESFANERH SN ENE, TOBRERDVMEOAEE
ZETLIREVN DD, XD BREMK D Z TS 25 72O O A TE{EH (Lecithin,
Polysorbate) 23AC A & 4U7- Soybean Casein Digest Agar with Lecithin & Polysorbate

80 (SCDLP ZE KH5ih) ZHWTW 5D,

AR D 53 FEIZ D Tk o WAEMITMERICET L L E-EAEY
EIRBEEMII T NS, EEAEMICIE, BOMBEHNGERH D | B (algae)®

JFU A= ZE W) (protozoa), HHE () (fung)NZAVICHEYS T 5, AL AMIC TR0
f P9 B 13 72 < | Al [ (bacteria) & Ml (archaea) 23#% 49 %, U AR Y — A RNA
DO ERINCE S ERTHET L L, ME, HME. EZEHD 3 H>D R R
AN HEEIND, VANVRIT, B En a7 ENPLRY ., HO#E
P TERWEDIFREMTH D, ME ORI, B2 b5 (kingdom) . M
(phylum) . #d (class)., H (order). # (family). J& (genus). Ff (species) &
o THEY, MBRR/NEMTH D, BT ERE (Bacillus subtilis) DA,
(X Firmicutes, WMiiX Bacilli, B 1% Bacillales. F}% Bacillaceae, J&X Bacillus, Fi
1T subtilis DRRICHEEHI RS D Th D, WO (strain) 13, EET D EE LTS
LTWd,

BEORET, HRICEIVEM ECAT LLar=—BROBIENGIHED

—k‘

RS IC LAY T o2 5u 0 BFE - AR . b5 4 FE A R
WZHESWTIThbIh T 7=, AR ZCICRIETS2Fy F (TE (E4A AV =
— « U ¥ /M) R BBLCRYSTAL (AR b 4 vF YW, ID T A

M CHAKRREER) 72E) b2 <likahTnd
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AR ClE, BB TMAT FIEORZICLY | REMITICL 2 0B IS KO
72> T %, Bergey’s Manual of Systematic Bacteriology (21, T TIZHR A &
NIETXRTOEEMEAE EMENY X MeSLTH Y., 16S rRNA EE 7 DAL
BLAN DRI HE DS EAER L RMB Z niZ R SN TV 5,

R EWICAFIET D 16STRNA B 11X, VAY —2BETFTHDH, VKRV —
LFE RN TEOERICEADLEHRE CT X TOEWMBICHFIET S, M7=
=y h (SSU) & R¥Ta2=v | (LSU) IZHni, TNENIVRY —LF N
7E L VRV —LRNA (1RNA) OEEEL LTHE S S, M@ TIE, SSU I
16S rRNA & 21 FED % > /X7 &, LSU (X 23S rRNA & 5SrRNA B LN 34 D ¥
YRTBENOLEREND, VAR Y — ABBE X TARTCOEYMBENICEET S,
WE RN QA D0 BIET R TOMAEYELMEET LN TE D,
bOREMNTZREMOLEA TE S, B HICEY 2 AN &H D L~
NTOMHTE D, HEBES ORI HEEICE S KRBT+ 5572 HE % £
DT ER=ZARFELTND, LV TFERD D BEFHITICEL TW5D,
16S rRNA Bz F133H L% 1,500 OEEESI NG . FEE TEMICE AL ATE
T (v 2B v9) RO, ZOHS A2 PCR 7T A ~ — CTHE S 8 1 i
M35 2 & TRIEDN A & 72 5 19,

DR EOBEOEA, SSU X 18S rRNA & 33 D ¥ > X7 H | LSU
IX 5S rRNA, 5.8S rRNA, 28SrRNA B L VS0 D ¥ > X7 ECHEKINDL, B
# TlE. 5.8Sr RNA & Z DR 124 5 ITS (Internal transcribed spacer) fEIK. &
UL 28S rRNA W] CELICE Te iz, T D OFESy O s 1Bl S FEHT 25 F
BTN D 10,

BT FENTIEIC L D FE O L7 FIEILZ, DNA Ofifi, PCR (Polymerase Chain
Reaction) (2 K 2 g, HIEEY O (7 v — 27 )VEKIKE)) . PCR H F 2E
MOKRE =T VARS, Y= =2k b — 0 o R g, RS Ok
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T, MEMERE L 72D, FHIEMERSE CIE, ME O 16S IRNA Eis B 5 %2 v 7o
Yt — MR 98.7 %L EOMEIEZ RT LREBEORREREVWEZ X bR
TWL W, 2L, ZOFETMEO E] VLXAVETORETHY, TH)] %z
[FEd 5 7DIZiE, DNA-DNA A 7 U XA E—3 3 (DDH) {EIZED 70 %
UEOMAMNZRTHEOLEERE SN TS DB, —FHJIZ 16S TRNA Ei& 1

fiRAT T 98.7 %IZTi 7272 W& . DDHETIZ 710 %2 B2 W2 X monTtnsd

11)

o

BEHOBYEEFHETIZ, AUV TE(SERVE) TLoTEIRLEY 7L
B EBEICTC—RAERBONEEZIT T, BIZHERICL>THLNLLaIR =—
725 DNA Z i L. 16S rRNA A5 T O IEE S O NI L0 HEIMO &V
Dx@eE LTHREL, BAMNCHRIEEORBEEL L,

B2, BERICEA SN T BEERHAT VD Y EEFIOREZD R 2 HBEET 5
e, b BRHBEE O R > I EE  (Bacillus subtilis) &, BEEAEICEIT 5
7T LEWE & 7T LAGEE ORE TH D RKGE (Escherichia coli) 38 XU A

7 R U EKE (Staphylococcus aureus) % H W THEAM %217 - 7=,

2.2 ERFGIE
2-2-1 WRHIRSHEFEOERRILOAE

(B BEEROMEMHROERELIEET 2720, A7 (4HEe%). ki (1
figg) . JEER (1 fisk) . R (5 k). Whife (1 &), 7V U —
(2 igg) 72 E 14 fik D REHZ S RICHELZT o, BEKO XA 7LD
HREGWEIGRIMNOEVWEZRIET 2720, FRT7 247 6 6L ar X744
T8 BEIEE LT, RKTREATIC, REMENOETFEZHRICIVHREL. &
Ve D pE B E L ESRAIC O W TR T Y T LT,
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2-2-2 MREOTRIE EEEAE

BUEHEEN OREIT, R RE OBEMOGFES, i TRETTE LR TOY
BOBEBNRD D720, RIEEO NN — YV HICRIEEZRB LIz, R7 %A 7HEHET
T, VEHR SR E DX 7 (BRI & DI 7 (Section 1), ViR &
DR 5y (Section2)) . FERN OBERE (WK & 7= B 724> (Section3) . ¥
RN B 7= %885y (Section4), P/ AL (Section5), 3 & / X/ (Section
6) Xt L L7z (Fig.2-1), 2 X7 Z A4 FWHRHEH T, Tidx o7 (EHiK L
O WS 57 (Section 1), PeiF R & O W E 4> (Section 2)) . Feif i o B2
(Section3) . Wi / X/ (Sectiond), 9 & ¥ 7 (Section5). I 9 I D EE
i (Section6), 79 & / AL (Section7), B W ~%5 T v 7 L — /L (Section
8). Theirfi L+ XM ALY HH—F > (Section 9) Zxf4 L L7 (Fig. 2-2),
NREF 2SS SETFT =y 710 CRIEGEMKRASHE, R, BAR) 2V TRY
THEICCER L (&Y mfEIZA 100 cm?),
BoONTHREZEEAREE K CEHEEREANL., £OBEHK 0.1 mL & Pk
wHc B L, AR Lican=—HKE2WE L, —BMEENEICIEL, Soybean
Casein Digest Agar with Lecithin & Polysorbate 80 (2L, SCDLP K H (H A
BBHR A S, B, BA)) ZAv, BEIEEIX., 35°CHE X O R T O 4R
EIZADER 60°CCTZENEIL 1 205 5 AfMEGE L, EFEENEICIX, Potato
Dextrose Agar with Chloramphenicol (LLF, CP il PDA 5 Ht (Merck #RA 41,

. BAR) W, 25°CT 7 BMEEEL -,
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Section 3 Wall (inaccessible to detergent)

|__— Section 4 Wall (exposed to detergent)

Section 6 Rinsing nozzle
/ Section 5 Washing nozzle
/ Section 1 Washing tank (inaccessible to detergent)
L Section 2 Washing tank (exposed to detergent)
]

Detergent
solution

I U

(A) Door-type

Fig. 2-1. Sampling parts of door-type dishwasher.

Samples were collected from each section and their accessibilities to the detergent are labelled
in the figures.

Section3 Section 4 Section 9 Section 6
Wall of washing room Washing nozzle Curtain Wall of rnsing room
i /
Section 8 1 1 lS{e_:ctl_on 7 1
Rack rail F q/ insing nozzle
Detergent solution
7 @) &=
Section 1
Washing tank @ @ I
(maccessible to detergent) Section 3
Section 2 Rinsing tank
Washing tank
(exposed to detergent)
(B) Conveyor-type

Fig. 2-2. Sampling parts of conveyor type dishwasher.

Samples were collected from each section and their accessibilities to the detergent are labelled
in the figures.
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2-2-3 16S rRNA B FHBITIC K 2EKDOFE

SCDLP KM FICcAEBT Lizan=—hb, ¥4 X, JBk, @ICESETEE
ICE R an=—28E L, 94 TV EHBERELZ, 2094 %2 7
DWW T, InstaGene DNA F§Hl~ R U v 7 X (NAF - T v RTIART U — XK
DfE B, BAR) ZHWVWTHI L72s 7 A% 85 L L Bacterial 16S rDNA PCR
Kit (#0734 AR, WHE. BA) 2T, 16STRNA &1 W i o1
WH 21T > 7=, PCREEFIT [Premix EX Taql. 77 A ~—1% [Primer 10F] B XV

[Primer 800R] (# H T A AR =th, WHE. HA) ZH Wz, PCR G &KMF
X, 94°C30 F (ZEHE), 55°C60 % (F=—VU 7)), 72°C60 ¥ (&) % 30 %
A 7 )v & L. Step One Plus Real-Time PCR System (74 7727 /gy — X ¥ N
VRSt B, BAR) ZHWTITo7e, #iIE L7 PCR EMOI A XX, 7
Ha—AF)NVEXIKEICL DK 800bp THDHZ &AM Lz, Z O PCR HIEE
MaEkR L, EEAIEZRE L (MXstt~vorveyzr - Dy KA, A
K)o, RIE L7z 16S rRNA Eix FBLFIE. Microseq® (74777 /vy —XT ¥
NWUBRREH, B, AAR) ZHVWTZYEELER LR, 7 —FX—2 TR
2 DB-BA9.0 (MR &=4b7 7 2 A« ZAR, i, BR) BLXOA T A~
+ @ Basic Local Alignment Search Tool [ BLAST® | ( National Center for
Biotechnology Information; NCBI) % H\Cl# L, 98.7 %L LOFFEIMEE FFS b
DxEELTHRELE M,

W, CP I PDA BiMt EICAF L7 2D B2 DWW TiL, InstaGene DNA A il
~ b Uy 7 AXOHE LY ) 2E2§HRE LEEHAO Y Z A4 ~—ITSIF XL
7T A4~ —ITSIR (Z U 74 A&, BE., BA) 2T PCR KL &1T
VN, ITS-5.8S rRNA fHIk DR 7T 2 A 7o, BR FEIIZRETE R
Tl DRENTE 2o Tz,
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2-2-4 BFEME KT 5 A28 Ve BeiE Al O BRERBR

BHEEOESH TR CHEAISN TV AT AN VIEFHORED EEZR57-0,
223 W CHBER B IR b o T B E . A DOREZNREEETH DK
R B X OEAT FYREICK T 2RERR LT o 72,

RERY T iE, TR EFOEBZ A T OT7 VI U EEANZ DWW THRER L
7= (Table.2-1), WiFAIO LR IZ. TAHVHEFL— R FITHDLN, T
HVFORIEICL DENERIET D720, KE(EFT b U 7o (PeiAl a), B
FhU T A (BEA L), KSR UL (BEGAle) O3MRERE L, T
Y OMSIFTKREAT N A BTNV UL KRBT N U LDNAIGRE D
B, BIC, BREDM EZBERNELT, NV ZmraAg YU T XR (A7 a—
/v 90G, MEMEAL TS, &I, BAR) OBRICOVWTHHIAET D729,
IHEMFHLZESRA (R e, d,f) &N Zamdg YT XOVERHM (B
Flg &THELE, Nl oA Yy T XIVBITEFBILA Y VT XVEO—FE
T, EEOIEMTH DN, KPP TIAKRGMHL TRERIFRICRD | EALKRE
RPN TED, ZNLOWEER L, EEOREKR CTHA S 2 REFI (0.1
MH 0.2wt%) THM LS D EREBBAE L Uiz, RPIT, & 0L o i BRUR
FHREED pH, BXO RN 7 nuA Vo7 XVBERMNL ZEEANZ D W TR A
WO G NEFERE R L7 (Table 2-1), ABRIZIL 54 ppm OFEEKZEH LT,

EARIZ. NITE EME R 27— (R, HA) oA LS. aureus NBRC
12732, E. coli NBRC 3972, ¥ X O} B. subtilis NBRC 3134 % J]\», Soybean Casein
Digest Agar with Lecithin Polysorbate 80 (SCDLP #& X 51 (B A B3k A2 4
R, BAR)) CTHiIBZELELOZAWE, BB LE-ao=—2nER0 . W&
B K (0.85 wt% NaCl) (2 L C, ¥ CHE 2 10855 10° CFU/mL (2
BAHEXIICHBM LIS DOEREIK E Lz, B. subtilis \IZ O\ T, #ME % 1.3X10%
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CFU/mL #1112, FFha# % 4.6 X105 CFU/mL CGERa%ux. WK% 75°C - 30 2 AL
BLEZRICEFELEEHBEL VB 250K A2 Lo, £3 8T EIRE (25°C,
60°C) (ZFE L 72 ?l BRI K 9 mL (2, WK 0.5mL & 3wt%D v v ifiE7 /v7 I

(Bovine serum albumin ; BSA) 0.5mL Z{E& L., SoM#EMI 7=, £ ORERIK
2.5 uL %, 247 uL ® Soybean Casein Digest Broth with Lecithin Polysorbate 80

(SCDLPB £t (H AREERAN S, WL, HA)) OA-7296 UV =)L~ A 71
T — MM UFEFI Lz, 2% SCDLPB B CRFEA IR L, 35°CI2 T 24 »»

D48 PR L, HMOBVICIVEOEFT O ELHE LT,

Table 2-1. Composition of detergents used in the sterilization test.

Effective chlori
Dosage of detergents pH of diluted ective chiorie

No. Detergents o . concentration in
(Wt%) solution diluted solution (ppm)
a-1 0.1 -
Sodium hydroxide 38 wt% 11.5-12.5
a-2 0.2 -
b  Sodium silicate 25 wt% 0.15 12 -
¢ Sodium silicate 25 wt% + Trichloroisocyanuric acid 0.8 wt% 0.15 12 12
d Sodium silicate 25 wt% + Trichloroisocyanuric acid 1.6 wt% 0.15 12 24
e-1 0.1 -
Sodiun carbonate 44 wt% 10.5-11.5
e-2 0.2 -
f-1 0.1 20
f-2  Sodium carbonate 44 wt% + Trichloroisocyanuric acid 2.0 wt% 0.15 10.5-11.5 30
-3 0.2 40
g Trichloroisocyanuric acid 1.6 wt% 0.15 6.8 24
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2-3 FRBLUOEBZE

BRIl 2R YE B D F R

BUWEHOZ A 7RI, BEAOHNEE LG ORI Z <7 (Table 2-2,
HE CTORENOIEYRIIE, BUEH N (ikEE) <R
BXAUNEELEBHENATEY , B AEHE) LRl I((EE R C),
(PR 7

2-3-1

Figs. 2-3, 2-4, 2-5, 2-6, 2-7),

BV M (7L D) THADNEN RO, ZHUSNO iR TILiEER

T\, B OFEHEE
NREHMTHAIDOICH L, FUsiTF

X, BUEH L (A7 C) ERBUEEM (K7 D)
THEA~EAERL e, Bl of
IR L, BRI N (k) CTIEHRRBEZ K& FEH-THY, AEHEB (-
BR®ED), BREHKC (FV Y —A) LR¥E#D (7Y NY —B), A%K G (H
BRE A, BUEHET GEERR E) TIEO0MED . B LS o M 5% C i F i
THER SN TW e, BUYEHEOMERBEEICED S, Wi o6l HiREMED &

WIZTENLREB LT WEBIZH D Z ERN o7,

Table 2-2. Operating conditions of dishwashers by users.

Users Dishwasher type  Visible cleanliness ~ Using frequency  Detergent dosage

A Bar Door A little bad Everyday Reasonable
B Cafeteria D Door Good Almost everyday Low

C Delivery A Door Good Everyday Low

D Delivery B Door Good Everyday Low

E Hotel A Door * Good Everyday Reasonable
F Hotel B Door * Good Everyday Reasonable
G Cafeteria A Flight-conveyor Good Almost everyday Low

H Cafeteria B Flight-conveyor Good Almost everyday Reasonable
1 Cafeteria C Flight-conveyor A little bad Almost everyday Reasonable
J Cafeteria E Rack-conveyor Good Almost everyday Low

K Hospital Flight-conveyor Good Everyday Reasonable
L Hotel C Rack-conveyor Good Irregularly Reasonable
M Hotel D Flight-conveyor A little bad Irregularly Reasonable
N  Japanese-style hotel Rack-conveyor Bad (Red slime) Everyday Very low

(*): The same model of dishwasher. Different models of dishwashers except as otherwise
noticed.
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(c) (d)

B: Cafeteria D

—

Fig. 2-3. Inside of dishwashers (Door-type A, B, C).

(a): Washing tank of dishwasher-A, (b): Wall, washing nozzle and rinsing nozzle of
dishwasher-A, (c): Washing tank of dishwasher-B, (d): Wall, washing nozzle and rinsing nozzle
of dishwasher-B, (e): Washing tank of dishwasher-C, (f): Washing nozzle of dishwasher-C.
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(a) (b)

P

~

D : Delivery B

D : Delivery B

Fig. 2-4. Inside of dishwashers (Door-type D, E, F).

(a): Washing nozzle of dishwasher-D, (b): Washing tank of dishwasher-D, (c): Washing tank
of dishwasher-E, (d): Wall, washing nozzle and rinsing nozzle of dishwasher-E, (e): Washing
tank of dishwasher-F, (f): Wall, washing nozzle and rinsing nozzle of dishwasher-F.
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(a) _ (b)
H: Cafeteria B

H: CafeteriaB |

(¢) (d)

I : Cafeteria C

() ()

J : Cafeteria E

Fig. 2-5. Inside of dishwashers (Conveyor-type H, I, J).

(a): Washing tank of dishwasher-H, (b): Washing nozzle of dishwasher-H, (c): Wall of washing
room of dishwasher-I, (d): Washing nozzle of dishwasher-I, (¢): Washing nozzle of dishwasher-
J, (f): Wall of washing room of dishwasher-J.

-45-



(b)
K : Hosqital |

(c) (d)

‘ L : Hotel C

Fig. 2-6. Inside of dishwashers (Conveyor-type K, L, M).

(a): Washing tank of dishwasher-K, (b): Rinsing tank of dishwasher-K, (¢): Washing room of
dishwasher-L, (d): Washing tank and washing nozzle of dishwasher-L, (e): Washing nozzle of
dishwasher-M, (f): Rack rail of dishwasher-M.
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(a) (b)

PN Japanese-style hptfe] .

R :

N : _Japanese-style hotel

Fig. 2-7. Inside of dishwashers (Conveyor-type N).

(a): Washing nozzle of dishwasher-N, (b): Washing tank of dishwasher-N.

2-3-2 RBEHFBOEEK

FHER O BUWHENZ S— Y @I E WY LMk s 25°C, 35°CEH L Y 60°C
DEFETHERL, AF LIEEE%Z T (Tables 2-3, 2-4, 2-5, 2-6) . {50 AR A X
AU DHAEBRL G- RVEH AL T, M, N Tk, AR 10* CFU/100 cm? LL |-
EmWEm AR b, BHRICEDEHFEL SN > - &VEH B, C. D, E. F.
G. H. J, K, L CTix, EEEIZFEH 1022>5 103 CFU/100 cm? F2E T, £ DOHF T
HLRERWHE E. L. KIZTBRHERAU T Thole, TROMEFEGWEFHKIZIZ, &
HIEFEMHBER D D Z L BRI,

HIRAMENEET T D 35°CHETIL, RT7 XA THREEOWEZ 7 (BelK
Hefihi# 5y (Section2)) & N7 EEME (Ve KIEREMR 2 (Section3)) 7B ZHM
WS & 4u7z (Table 2-3), 2 R_XT X A 7 CTld, i ¥ v 7 OBEEKIERE
fil 5 5y (Section 1) & Vi /K BEALES Sy (Section 2) . BEVF Al EEH (Section 3) . ¥E
/A (Sectiond) 7S IEMZ < B S (Table2-4), RT7T XA 7 H =
X7 Z AT HEBD L DR BRI ES LT,

RT7 4 A4 FWHFKICB T, WiFF 7 TiE, THEKEEERL TR WESY
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(Section1) £V H¥EEKEHR L TV 5 HE% (Section2) 756 L0V Z < OME

DR S A, BEd CIL, Wl AKO 75890 (Sectiond) XV bPEHFKNETZH
725y (Section3) 6% < OMIBE S S 4172 (Table 2-3), & REFEEKIC
HBINTWAWEES 71X, 60°COFERET NI EFAICELDE pHIZE VG
LnIHl SN TnD ETPRLTWEL, 2D O RITEEFA ORI RN
EHEFRLTVD, EBHEEKE I, BEKOANFEZIZ 1 AIC 1 25 2 B
ETHD, iHEKIE. T3 EGER AT —H R A —"—7 8 — L TANLE
DOWEICR > TWVDEN, HEMPOLFRLAENDIBRBIGADZ WV EHENART

Vo TOWEARPUESG LR CTHENIIEN I ZORCEENRDIMENTT
2yl THANREICHE L, KFEOKZEBE & HICHEL TV EEXDL
WD, VEHAKRD YT R WEEH TIE, 2O OMERNDEEKICE > TRESH
% Al REME 23K VY,

FORAIE X, T % A T UEEOWEER O 2472 5 BEH (Sectiond4) & P/ X
)b (Section 5) , 8 X OV 9 X /7 XL (Section 6) 7> 5 D H LA 72 > - 7= (Table
2-3)s RT7T XA TWHHFHICBNTIE, BHEORBSEHELZT IO Ilbh b E
KB, EHICHAIH SN EWI ZERERTRERTHD, o T, EHERT
FTEKICE o TLRBEESLWS A, T3 & AV OMBEIEE VIR S D ek
Wb, MEICED KT XA THREEOBYIE, T LRICEVME sh T
% A REME 2N |y,

HEREMEMEDNEFTT 2 60°CCOEERFMICTENTIX, RT7TXA 7 TRHIETEAL
DEAL SME 2B S, 2 IRk & 83 5 0E% % > 7 (Section 2) .
Vet K2 & 7= & 7 WEEE (Section3) (ZHEH L7z (Table2-3), 2 X7 X A 7T
X, BIEH I OFT 3 X 7 XL (Sectiond) MHEDOHDOKEITH o7 (Table2-4),
RT 2 A FWHEHIL, ENRENTTELET 80°CORIRIZRY, a7 X
A7 XY b E, 2O m BRI AF BV R o THRHERFMETHD LB X
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b,
NERCEHERNAEFTT D 25°COREERMFICEBNTIE, B%EH B, D, E. I, J,
M, NiZBWTar=—0O4EFNRED LN (Tables 2-5,2-6), ZDHH, Bk

MEBION®SIE, 7 EMN 102CFU/MN00 cm?2 B2 EMR I S 7,

Table 2-3. Number of viable bacteria obtained from door-type dishwashers.

Section1  Section2 Section3 Section4 Section5  Section 6
35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C
A 31 - 6.4 - 41 - 20 - 3.0 - - -
B - - 53 54 41 46 <10 <10 20 <1.0 20 38
C 30 <10 28 27 54 27 <10 20 20 <10 23 23
D <10 20 6.0 54 <1.0 <10 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
E <10 - - - <10 - - - - - - .
F - - - - 27 - - - . . . .
The number of viable bacteria present over an area of 100 cm? on each section of door-type
dishwashers are presented as Logio (CFU/100 cm?) where CFU represents colony forming units
at 35 and 60°C. (-): not tested. The sections of door-type dishwasher include 1: Washing tank
(inaccessible to detergent), 2: Washing tank (exposed to detergent), 3: Wall (inaccessible to
detergent), 4: Wall (exposed to detergent), 5: Washing nozzle, 6: Rinsing nozzle.

Table 2-4. Number of viable bacteria obtained from conveyor-type dishwashers.

Section1 Section2 Section3 Section4 Section5 Section6 Section7 Section8  Section 9
35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C

G 45 - - - 45 - - - 51 - 38 - - - 39 - - -
H 23 - - - 20 - - - - - <10 - - - <10 - 25 -
I - - 41 <10 30 <10 39 40 3.6 <1.0 <l.0 <1.0 <1.0 <1.0 46 <l.0 - -
J - - 41 <10 34 <10 35 <10 28 <10 38 <1.0 3.0 <10 27 <10 - -
K - - - - <10 - - - - - - . . . <0 - <10 -
L - - - - <0 - - - - - <0 - - e
M - - 57 <10 36 <10 55 <10 39 <1.0 <10 <1.0 20 <10 34 <l.0 - -
N 40 - - - 41 - 35 - - . . ... 43 - 40 -

The number of viable bacteria present over an area of 100 cm? on each section of conveyor-
type dishwashers are presented as Logio (CFU/100 cm?) where CFU represents colony forming
units at 35 and 60°C. (-): not tested. The sections of conveyor-type dishwasher include 1:
Washing tank (inaccessible to detergent), 2: Washing tank (exposed to detergent), 3: Wall of
washing room, 4: Washing nozzle, 5: Rinsing tank, 6: Wall of rinsing room, 7: Rinsing nozzle,
8: Rack rail, 9: Curtain.
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Table 2-5. Number of viable bacteria and fungi obtained from door-type dishwashers.

Section1 Section2 Section3 Section4 Section5 Section6
25C 25C 25C 25C 25C 25C

A <1.0 <1.0 <1.0 <1.0 <1.0 -
B - <1.0 <1.0 <1.0 2.0 <1.0
C <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
D <1.0 3.0 <1.0 <1.0 <1.0 <1.0
E <1.0 - 2.0 - - -
F - - <1.0 - - -

The number of viable bacteria and fungi present over an area of 100 cm? on each section of
door-type dishwashers are presented as Logio (CFU/100 cm?) where CFU represents colony
forming units at 25°C. (-): not tested. The sections of door-type dishwasher include 1: Washing
tank (inaccessible to detergent), 2: Washing tank (exposed to detergent), 3: Wall (inaccessible
to detergent), 4: Wall (exposed to detergent), 5: Washing nozzle, 6: Rinsing nozzle.

Table 2-6. Number of viable bacteria and fungi obtained from conveyor-type dishwashers.

Section1 Section2 Section3 Section4 Section5 Section6 Section7 Section8 Section9
25C 25C 25C 25C 25C 25C 25C 25C 25C

G <1.0 - <1.0 - <1.0 <1.0 - <1.0 -
H <1.0 - <1.0 - - <1.0 - <1.0 <1.0
I - 39 <1.0 3.6 4.0 <1.0 2.0 4.0 -
J - 4.0 3.4 33 3.6 3.6 2.6 2.7 -
K - - <1.0 - - - - <1.0 <1.0
L - - <1.0 - - <1.0 - - -
M - 23 <1.0 23 23 <1.0 <1.0 <1.0 -
N <1.0 - <1.0 <1.0 - - - 2.0 <1.0

The number of viable bacteria and fungi present over an area of 100 cm? on each section of
conveyor-type dishwashers are presented as Logio (CFU/100 cm?) where CFU represents
colony forming units at 25°C. (-): not tested. The sections of conveyor-type dishwasher include
1: Washing tank (inaccessible to detergent), 2: Washing tank (exposed to detergent), 3: Wall
of washing room, 4: Washing nozzle, 5: Rinsing tank, 6: Wall of rinsing room, 7: Rinsing
nozzle, 8: Rack rail, 9: Curtain.
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2-3-3 16S rRNA B FHBITIC K 2EKDOFE

SCDLP # RKEHIZA B Licarn=—0b MEMKE 4 BEHEBELZ, 20 94
% 16S rRNA AR T fEATIC LV [FE LR, tHA % 98.7 %Ll k- CTHIE Tz
DT K THY, ZhbIL23BICHEINT,

FIECEXT84KE, RT XA T La X7 XA 7 TREKOXEFNZEE L
7= (Tables 2-7, 2-8), R 7 % A F\ZHB W TIX. Anoxybacillus J&. Bacillus J& .
Geobacillus J& . Micrococcus J&72 £ O 7 7 LGPEE Y 9 J& 31 ¥k & | Acinetobacter
B ED T T NEMEEN 38 S KBS /e (Table 2-7), a2 X7 X A 72k
VW T, Bacillus J&. Isoptericola J& . Micrococcus J&7¢ & D 7 Z NGGHEE D 10 &
27 ¥k & | Acinetobacter J& . Paracoccus J&78 £ D7 7 NEVEE A 7R 18 BR oy B &
iz (Table 2-8), RT7T XA T TH7 7 2BMEHOEENEL, av_XT XA
TR 6GMEREE 77 2BERP TS RIFICOBES DM WO,
HERAMEMBE L., K7 ¥ A4 7 5 Anoxybacillus J& . Geobacillus J& |
Pseudoxanthomonas J& . Meiothermus J&® 4 J& 14 4% & 7= 2% (Table 2-7), =2 v
RXT B A T DB IE Anoxybacillus J& D 1 J& 1 D& Td o> 7= (Table 2-8), 4B =
TR D CEERIE R E IS 5% S T D D UIX Anoxybacillus J& . Bacillus J& . Geobacillus
J& . Pseudoxanthomonas J& . Meiothermus J& T & o 7,

Bacillus JBI1X R 7 2 A TIhiFks & o 0 X7 2 A THEKEOIFIE T X TOERAL D
5B S 4v7z (Tables 2-7, 2-8) . Bacillus subtilis [XEN TR < B A& XN 5 HEEKR
DzaUORMHETHLLEREND D, MU EIT B subtilis D —FE T, £ TERE
TOMENZ W, £, Bosubtilis T HBICEZ L GFETLIMETLH L0, &
M E LTIREECTRIENICFRF BIAE VD, B. subtilis I, WA N L A IRE %
KLY, HEMOFRERR TSN TEL 19, LER- T, BHICHEL
7c B.subtilis DF T, HE TR THLEAELLEETHY, ZhbEEY STk
BMEZEETORICEEERENICE B AEND EHEIN D, FREBEIT.
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MPEZFEO N AT 4 VL EHFRETRT S & T, RHMAORE T CAEAFT
L2 EMNTED Y, Bosubtilis \TI1X, NAFT T 4 VADBREDmWERPH D Z
ERWEINTND B, 2L OREIL, BRUEKOSIRESE T T Bacillus J& )
EHFETEDILEZRLTWD, Bacillus BIZHN 2, 2 FEEE O 2F KT A 4T BAPE AR B
(Anoxybacillus J&. Geobacillus J&) 7 4 DD KT X A4 T HRUEH» L B S iz
(Table 2-7), WDKK G ERA RBEEREICAA AT A NV LEZTEHRT 52 L0050
19200 2D - P K O WS 3 i &2 < WK &2 LI, BRIEEEN OGN & KRR
CNRAFT ANV AR AY o THELTVWDEEZLND, (> T, BIEKD
BAREZRETDEDICIE, XA T T 4 VAEFROBRENRBREDOERD
WRBLETH D,
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Table 2-7. Bacterial flora of door-type dishwashers.

Section 1 Section 2 Section 3 Section 4 Section 5 Section 6
35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C

Gram-positive bacteria
Anoxybacillus ** - D B B,D - B(2) - - A - - B(2)
Bacillus * A - C - B,F(2) - - - B - C -
Geobacillus ** - - - C - C - C - - _ _
Aerococcus - - - - - - - - - - _ _
Barrientosiimonas - - - - - - - - - - R R
Exiguobacterium A - - - -
Gordonia - - - - C(2) - - - - - - -
Isoptericola - - - - - - - - - - - -
Kocuria - - - - - - - - A - - -
Micrococcus A - A - C - - - - - - _
Microbacterium - - -
Pseudoxanthomonas " - - D(2) D - - - - - - - -
Rhodococcus - - - - - - - - - - R -
Staphylococcus - - B - - - - - - - - -

Gram-negative bacteria
Acinetobacter C(2) - A - - - - - C - - -
Brevundimonas - - - - - - - - - - R R

Caulobacter - - - - - - - - - - - R
Meiothermus® - - - - - B(3) - - - - - R
Moraxella - - - - - - - - - R R R
Paracoccus - - - - - - - - - _ _ _
Petrobacter - - D - - _ _ _ _ _ _ _
Pseudomonas - - - - - - - - - - - R
Psychrobacter - - - - -
Unidentified - - - - A.C(2)

(*): Spore-forming bacteria. (a): Thermophilic bacteria grown at 60°C. (-): not detected.

The alphabet represents the dishwasher shown in Table 7. The number in parentheses shows the number of isolated bacteria that were assigned to the same
genus, grown at the same temperature, and isolated from the same section of the same dishwasher. No strains were satisfactorily identified from the dishwasher
of E: Hotel. The sections of door-type dishwasher include 1: Washing tank (inaccessible to detergent), 2: Washing tank (exposed to detergent), 3: Wall
(inaccessible to detergent), 4: Wall (exposed to detergent), 5: Washing nozzle, 6: Rinsing nozzle.

-53-



Table 2-8. Bacterial flora of conveyor-type dishwashers.

Section 1 Section 2 Section 3 Section 4 Section 5 Section 6 Section 7 Section 8 Section 9
35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C 35°C 60°C

Gram-positive bacteria

Anoxybacillus ** - - - - - - - I
Bacillus * H - I - H,J - LN -
Geobacillus ** - - - - - - - - -
Aerococcus - - - - - - - - 1

Barrientosiimonas - - - - - - - - M - - - - - - - - -
Exiguobacterium - - - - - - - - - - - - - - - - _ -
Gordonia - - - - - - - - - - - - - - - - _ R
Isoptericola H - - - G,N - - - - - - - - - - - - -
Kocuria - - - - - - - - - - - - - - - - H -
Micrococcus - - M(2) - - - I - I - - - - - - - - -
Microbacterium - - - - - - - - - - - - - - M - _ -
Pseudoxanthomonas " - - - - - - - - - - - - - - - - _ R
Rhodococcus N - - - - - - - - - - - - - - - _ R
Staphylococcus - - - - - - - - 1 - - - - - - - - -

Gram-negative bacteria

Acinetobacter - - - - - - - - M - - - - - - - N -
Brevundimonas - - - - - - - - - - - - - - - - H -
Caulobacter - - - - - - M - - - - - - - - - _ -

Meiothermus"” - - - - - - - - -

Moraxella - - - - - - - - M

Paracoccus G - - - M - LM - M - - - - - M(3) - - -

Petrobacter - - - - - - - - - - - - - - - - - R

Pseudomonas - - - - - - - - - - - - - - N - N -

Psychrobacter - - - - - - N - 1 - - - - - - - - -
Unidentified - - M - LM(3) - M - - - - - - - M - - -

(*): Spore-forming bacteria. (a): Thermophilic bacteria grown at 60°C. (-): not detected.

The alphabet represents the dishwasher shown in Table 8. The number in parentheses shows the number of isolated bacteria that were assigned to the same
genus, grown at the same temperature, and isolated from the same section of the same dishwasher. No strains were satisfactorily identified from the dishwashers
of K: Hospital and L: Hotel. The sections of conveyor-type dishwasher include 1: Washing tank (inaccessible to detergent), 2: Washing tank (exposed to
detergent), 3: Wall of washing room, 4: Washing nozzle, 5: Rinsing tank, 6: Wall of rinsing room, 7: Rinsing nozzle, 8: Rack rail, 9: Curtain
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B DO FEEICIB VT, 16S IRNA BIZ T CIL TR £ TORETH D0,
BB EAERT D EICED, TN —RIBBEIN TV DHEFEE OT%E
RAHEETE 5, MARIRT%LL ETRIETE 7 84 RIZ>WT 7R DB-
BA9.0) T{ER L 7-%2#i#t 2 k7 (Figs. 2-8~2-34), Z Z Trr L 7= RFEHHIBEH
DIEHERTIER LSO TH D, P ORVEM TR LI AEAERE DS BB &
LEWHEMNZ R LK TH L, P OREEKROLARIC, B AR S’
Pekk b o X AERERR E DM RETLZ L, P OKME (77— F A T v 7fH)
IR DOEFE (%) (FHME) 22/ 0, 100 I2EWVIEFEREEENE V., KoK

DA R L, ETOARAFr— A AN—OHEITHEEBROR - V155K
xR d (0.0l DG, 100EENIC 1HEEOBEEBERAEZVHED),

Acinetobacter J& L. A. Iwoffii, A. ursingii, A. junii, 33 & O\ A. haemolyticus ® 4 Ff
(Fig. 2-8). Anoxybacillus J& L. A. kamchatkensis, A. thermarum, A. flavithermus
subsp. flavithermus, ¥ 5 N A. flavithermus subsp. yunnanensis O 4 f& (Fig. 2-10) .
Bacillus J& % . B. subtilis subsp. subtilis, B. flexus 35 X OV B. thuringiensis @ 3 i
(Figs. 2-11, 2-12, 2-13) . Kocuria J&1Z. K. varians 3 X O K. rhizophila ® 2 &
(Fig. 2-21). Micrococcus J& L. M. endophyticus 3 X N M. yunnanensis @ 2 Fi
(Fig. 2-22) . Microbacterium J&1X. M. lacticum 3 £ " M. aurum ® 2 & (Fig. 2-
24) . Paracoccus JEIL., P yeei 3 L N P. aestuarii @ 2 F& (Figs. 2-26, 2-27) .
Staphylococcus J&1X. S. saprophyticus subsp. bovis ¥ LN S. epidermidis O 2 T

(Figs. 2-33,2-34) SrixBAMRA LW & FHIS T,
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Acinetobacter indicus A648 T (HMD47743)
Acmetobacter radioresistens DSMBOTE T (X81666) BSL1x%

100 ISp ecimenl0)_ConsensusSequence.fsta C- Section 1 (99.8 %)

s » C- Section 1 (100.0 %)
hcmetﬂbacte! lwottu DSM2403 T (XBI 665) BSL1x (- Section 5 (99.8 %)

73

08 Acinetobacter calcoaceticus ATCC23055 T (AJ888984) BSL1x%
12 s _Ijtinetobacter pittii ATCC19004 T (HE651911)

79 Acinetobacter nosocomialis RUH 2376 T (HQ180192)

Acinetobacter brisoun 5YN6-8 T (DQ832256) _

[Acinetobacter rsingi LUH3792 T (AJ275038) BSLL* | (1000 o)

19 Acinetobacter venetianus ATCC31012 T (AJ295007)

- Acinetobacter junii DSM§964 T (X81664) BSL1x g'gze;;i)““ ’
Acinetobacter parvus LUH4616 T (AJ293691) BSL1x%

Acinetobacter gyllenbergi RUH422 T (AJ293694)

Acinetobacter bejjerincku LUH4759 T (AJ626712)

Acinetobacter haemolyticus DSME962 T (X81662) BSL1x

Acinetobacter johnsonii DSME963 T (X81663) BSL1%

Moraxella pluranimabium 248-01 T (AMS84564)

28

20

M- Section 5
(99.8 %)

25

0.01

Fig. 2-8. The phylogenetic tree of Acinetobacter isolated.

Type strains which have the highest homologies with the isolated strains from door-type A (section 2), door-type C (section 1, 1, 5), conveyor-type M (section
5) and conveyor-type N (section 9) are marked in red line. The number in parenthesis represents their homology of the 16S rRNA genes.
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Vagococcus carniphilus ATCC BAA-640 T (AY179329)

34 Isobaculum melis CCUG37660 T (AJ302648)

158 Bavariico ccus seileri WCC4188 T (FM177901)
Granulicatella adiacens ATCC49175 T (D50540) BSL1x

73 |Specimen23 ConsensusSequence.fsta

I- Section 3

100 l‘ﬁ.erococcus urinaeequi IFO12173 T (D8T677) (99.8 %)

o - lAerococcus viridans NBRC12219 T (AB680262) BSL1x
3 Aerococcus suis 1821 02 T (AM230658)
100 Aerococeus urinaehominis CCUG42038b T (AJ278341)
91 Aerococcus sanguinicola CCUG43001 T (AJ276512)
|| Aerococcus urinae NBRC15544 T (AB680895) BSL1x
50 Trichococcus palustris DSM2172 T (AJ296179)
1o

Trichococcus flocculiformis DSM2094 T (Y17301)
Trichococcus pasteurni KoTa2 T (X87150)
48 Trichococcus patagoniensis PmagGl T (AF394926)
94 'Trichococcus collinsii 3STAN3 T (AJ306612)
Vagococcus fessus m2661-98-1 T (AJ243326)

—_—

0.01

Fig. 2-9. The phylogenetic tree of Aerococcus isolated.

Type strain which has the highest homology with the isolated strain from conveyor-type I (section 5) is marked in red line. The number in parenthesis represents
their homology of the 16S rRNA genes.
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85 -Anoxybacillus contaminans LMG21881 T (AJ551330)

98 Anoxybacillus vomovskiensis TH13 T (AB110008)
|—Anoxyhacillus amylolyticus MR3C T (AJ618979)
49 |Anoxybacillus flavithermus subsp. flavithermus WK1 T (CP000922)| A- Section 5 (99.6 %)

— Anoxybacillus mongoliensis T4 T (EF654664) ]
38 B- Section 3 (99.4 %)

28 +Anoxybacillus flavithermus subsp. yunnanensis E13 T (HMD16869) | B- Section 6 (99.5 %)
. . B- Section 6 (99.5 %)
6o Anoxybacillus eryuanensis E-112 T (GQ153549) D- Section 1 (99.5 %)
38 Anoxybacillus tengchongensis T11 T (FJ438370) I- Section 4 (9.4 %)
59 L— Anoxybacillus pushchinoensis k-1 T (AJ010478)
68 Anoxybacillus kestanbolensis K4 T (AY248711)

Anoxybacillus gonensis G2 T (AY122325)

8 (Specimen63_ConsensusSequence.fsta

51 Anoxybacillus ayderensis AB04 T (AF001963)

- Anoxybacillus thermarum AF 04 T (AM402982) | D- Section 2 (99.3 %)

39 | M
70 Anoxybacillus kamchatkensis JW VEK-KG4 T (AF510985) | B- Section 2 (99.3 %)
. S B- Section 2 (99.3 %)
75 Anoxybacillus salavatliensis A343 T (EU326496) B- Section 3 (99.4 %)

Bacillus bataviensis LMG21833 T (AJ542508)

0.01

Fig. 2-10. The phylogenetic tree of Anoxybacillus isolated.

Type strains which have the highest homologies with the isolated strains from door-type A (section 5), door-type B (section 2, 2, 3, 3, 6, 6), door-type D (section
1, 2) and conveyor-type I (section 1) are marked in red line. The number in parenthesis represents their homology of the 16S rRNA genes.
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44 Bacillus sonorensis BCRC17416 T (EF433411)
99 Bacillus lichenformis DSM13 T (AE017333)
0 Bacillus aerius 24K T (AJ831843)
Bacillus aerophilus 28K T (AJ831844)
——Bacillus atrophaeus JCM30T0 T (AB021181)

60 Bacillus amyloliquefaciens subsp. plantarum FZB42 T (CP000560)
77T |'Bacillus methylotrophicus CBMB205 T (EU194897)
95 63 Bacillus amyloliquefaciens subsp. amyloliquefaciens NBRC15535 T (AB255669)
3 Bacillus siamensis PD-A10 T (GQ281299) A- Section 1 (99.9 %)
. . . C- Section 2 (99.9 %)
Bacillus vallismortis DSM11031 T (AB021198) C- Section 6 (9.9 %)
88 |69 |Specimen20_ConsensusSequence.fsta F- Section 3 (99.7 %)
—55 - = = (G- Section 5 (99.9 %)
Bacillus subtilis subsp. subtilis DSM10 T (AJ276351) ———— G- Section 6 (99.9 %)
5 - See 1 %
L Bacillus tequilensis 10b T (HQ223107) ﬁ 2;;:2:: 1 823 q_hi
Bacillus subtilis subsp. spizizenii NBRC101239 T (AB325584)  [- Section2 (99.9 %)
I- Section 4 (99.9 %)
78 | Bacillus subtilis subsp. inaquosorum DSM22148 T (HE582781)  I- Section 5 (99.8 %)
61 L—Bacillus mojavensis IFO15718 T (AB021191) T Section 3 @989
Bacillus cibi JG-30 T (AY550276) J- Section 6 (99.9 %)
J- Section 8 (99.8 %)
[ i M- Section 7 (99.9 %)
0.01 N- Section 4 (99.7 %)

Fig. 2-11. The phylogenetic tree of Bacillus isolated.

Type strains which have the highest homologies with the isolated strains from door-type A (section 1), door-type C (section 2, 6), door-type F (section 3),
conveyor-type G (section 5, 6), conveyor-type H (section 1, 3), conveyor-type I (section 2, 4, 5, 8), conveyor-type J (section 3, 6, 8), conveyor-type M (section
7) and conveyor-type N (section 4) are marked in red line. The number in parenthesis represents their homology of the 16S rRNA genes.
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Bacillus subterraneus DSM13966 T (FR733689)

Bacillus pocheonensis Gsoil 420 T (AB245377)

Bacillus bataviensis LMG21833 T (AJ542508)

o1 ] Bacillus sol LMG21838 T (AJ542513)

44 L——Bacillus drentensis LMG21831 T (AJ542506)
Bacillus niacini IFO15566 T (AB021194)

Bacillus circulans NBRC13626 T (AB271747)

99 |Sp ecimen28 _ConsensusSequence.fsta

92

11

98

B- Section 3 (99.9 %)
100 'Bacillus flexus IFO15715 T (AB021185) | B- Section 5 (99.9 %)

g0 99 —Bacillus megaterium NBRC15308 T (AB271751)
|:Baci]lus aryabhattai BEW22 T (EF114313)

Bacillus koreensis BRO30 T (AY667496)

73 Bacillus kochii WCC_4582 T (FN995265)

44 Bacillus oceanisediminis H2 T (GQ292772)

7 Bacillus purgationiresistans D522 T (FR666703)
Bacillus eiseniae A1-2 T (HM035089)

57

44

L Bacillus foraminis CV53 T (AJ717382)

0.01

Fig. 2-12. The phylogenetic tree of Bacillus isolated.

Type strains which have the highest homologies with the isolated strains from door-type B (section 3, 5) are marked in red line. The number in parenthesis
represents their homology of the 16S rRNA genes.
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Bacillus idriensis SMC 4352-2 T (AY904033)
87 Bacillus halmapalus DSMB8723 T (X76447)
Bacillus cohnii DSM6307T T (X76437)
52 Bacillus litoralis SW-211 T (AY608605)
[ Bacillus herbersteimensis D-1,5a T (AJ781029)
10 * Bacillus niabensis 4T19 T (AY998119)
_— Bacillus galliciensis BFLP-1 T (FM162181)
Bacillus acidicola 105-2 T (AF547209)
Bacillus luteolus YIM83174 T (GQ925365)
92 || Bacillus thuringiensis ATCC10792 T (AF290543) Egggcf,'“)“ ’
Bacillus thurimgiensis ATCC10792 T (AF290545)
99 Bacillus weihenstephanensis DSM11821 T (AB021199)
Bacillus mycoides ATCC6462 T (AB021192)
54 Bacillus pseudomycoides DSM12442 T (AMT47226)
61 Bacillus cereus ATCC14579 T (NC_004722) BSL2
81 'Bacillus anthracis ATCC14578 T (AB190217) BSL3

57

11

17

10

Bacillus safensis FO-036b T (AF234854)

e |

0.01

Fig. 2-13. The phylogenetic tree of Bacillus isolated.

Type strains which have the highest homologies with the isolated strains from door-type F (section 3) are marked in red line. The number in parenthesis
represents their homology of the 16S rRNA genes.
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98 ————— Caulobacter ginsengisoli Gsoil 317 T (AB271055)
Caulobacter fusiformis ATCC15257 T (AJ227758)
Brevundimonas naejangsanensis BIO-TAS2-2 T (F J544245)
74 Brevundimonas bacteroides CBT T (AJ227782)
69 65 Brevundimonas poindexterae FWC40 T (AJ22779T)
99 ————DBrevundimonas staleyi FWC43 T (AJ227798)
Brevundimonas bullata IAM13153 T (D12785)
87 Brevundimonas aveniformis EMB102 T (DQ372984)
87 ————Brevundimonas kwangchunensis KSL-102 T (AY371368)
Brevundimonas alba CB88 T (AJ227785)
49 | Brevundimonas aurantiaca CB-R T (AJ227787)
g3 | 70 | Brevundimonas vesicularis NBRC12165 T (AB680247)|  H- Section 9 (100.0 %)
87 |Brevundimonas vesicularis NBRC12165 T (AB680247)

Brevundimonas nasdae GTC1043 T (AB071954)

56 | Brevundimonas intermedia ATCC15262 T (AJ227786)

87 Brevundimonas mediterranea V4.B0.10 T (AJ227801)
Phenylobacterium lituiforme Fail3 T (AY534887)

88

0.01

Fig. 2-14. The phylogenetic tree of Brevundimonas isolated.

Type strain which has the highest homology with the isolated strain from conveyor-type H (section 9) is marked in red line. The number in parenthesis represents
their homology of the 16S rRNA genes.
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Pseudonocardia saturnea IMSNU20052 T (AJ2528289)
98 |—Specimen46_ConsensusSequence.kta
Al L Barrientosiimonas humi 39 T (JF346171) | M- Section 5 (9.1 %)
98 L Demetria terragena HKIDD89 T (Y14152)
100 [Branchiibius cervicis PAGU_1247 T (AB594446)
L Branchiibius hedensis 29717 T (AB520822)
100 a0 Serinicoccus profundi 071456-1 T (EU603762)
97 Eytococcus sedentarius DSM20547 T (X87755)
Marihabitans asiaticum HG66T T (AB286025)
100 —Arthrobacter cumminsii DMMZ445 T (X93354) BSL1x

GEI_ - Arthrobacter albus CF43 T (AJ243421) BSL1x*
— 899 —Nesterenkonia aethiopica DSM17733 T (AY574575)
' 0 100 Nesterenkonia suensis Sua-BAC020 T (FJ948172)

100 |Ne3terenkunia halophila YIMT0179 T (AY820953)
Nesterenkonia halobia DSM20541 T (X80747)
Simomonas flava CWI108 T (EU3T0T04)

L Psendonocardia parietis 04-5t-002 T (FM863703)

—_
0.01

Fig. 2-15. The phylogenetic tree of Barrientosiimonas isolated.

Type strain which has the highest homology with the isolated strain from conveyor-type M (section 5) is marked in red line. The number in parenthesis
represents their homology of the 16S rRNA genes.
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Brevundimonas aveniformis EMB102 T (DQ372984)
Caulobacter ginsengisoli Gsoil 317 T (AB271055)

63

100

56

48

Caulobacter mirabilis FWC38 T (AJ227774)

90 ~Specimend]_ConsensusSequence.fsta

Caulobacter fusiformis ATCC15257 T (AJ227759)

39

M- Section 4 (99.8 %)

100 [" T caulobacter vibrioides CBS1 T (AJDD9957)
— Caulobacter segnis MBIC2835 T (AB023427)
Caulobacter henricu ATCC15263 T (AJ227758)
27 Phenylobacterium conjunctum FWC21 T (AJ227767)

| 42 ————Phenylobacterium haematophilum LMG11050 T (AJ244650)
Phenylobacterium koreense Slu-01 T (AB166881)

98 82 ———Phenylobacterium muchangponense A8 T (HMD4T736)

_—
0.01

Brevundimonas viscosa F3 T (HMTT7012)

Fig. 2-16. The phylogenetic tree of Caulobacter isolated.

82 Phenylobacterium immobile E T (Y18216)
65 99 ——Phenylobacterium tuiforme Fail3 T (AY534887)
L Phenylobacterium composti 4T-6 T (EU022524)
Phenylobacterium falsum AC49 T (AJT17391)

Type strain which has the highest homology with the isolated strain from conveyor-type M (section 4) is marked in red line. The number in parenthesis

represents their homology of the 16S rRNA genes.

.64-



Bacillus korlensis ZLC-26 T (EU603328)

= 100 I_Bacillus foraminis CV63 T (AJT17382)
L Bacillus boroniphilus T-15Z T (AB198719)
8 Bacillus halodurans DSM497 T (AJ302709)
38 Bacillus macyae JMM-4 T (AY032601)
_l Anoxybacillus thermarum AF 04 T (AM402982)
98 —Exiguobacterium indicum HHS 31 T (AJ846291)
L 100 _LExiguobacteriun acetylicum DSM20416 T (DQO19167)

36

99 Exiguobacterium sibiricum 255-15 T (CP001022)
A[Exig'uobacteriun artemiae 9AN T (AMDT2763)
98 Exiguobacterium aestuarn TF-16 T (AY594264)
%5 ['Exiguobacterium profundum 10C T (AY818050)
L —Exiguobacterium marinum TF-80 T (AY594266)

100

100

A- Section 1

70 {:I Exiguobacterium mexicanum 8N T (AM07276) | (99 3 o)
94 [L_Exiguobacterium aurantiacum DSM6208 T (DQ019166)

_Exiguobacterium mexicanum 8N T (AMD72764)

Thalassobacillus hwangdonensis AD-1 T (EU817571)
0.01

Fig. 2-17. The phylogenetic tree of Exiguobacterium isolated.

Type strain which has the highest homology with the isolated strain from door-type A (section 1) is marked in red line. The number in parenthesis represents
their homology of the 16S rRNA genes.
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Anoxybacillus tepidamans GS5-97 T (AY563003)
Saccharococcus thermophilus ATCC43125 T (X70430)
—— Geobacillus caldoxylosilyticus BGSCWIA36 T (AY608951)
85 | Geobacillus thermoglucosidasius ATCC43742 T (AB021197)
99 Geobacillus thermodenitrificans subsp. cahdus F84b T (EU477773)
Geobacillus thermodenitrificans subsp. thermodenitrificans BGSC94A1 T (AY608960)
Geobacillus subterraneus 34 T (AF276306)

100 Specimen55_ConsensusSequence.fsta

91

76

C- Section 2 (99.6 %)
Geobacillus stearothermophilus DSM22 T (AJ294817) | C- Section 3 (99.7 %)

— Geobacillus jurassicus DS1 T (AY312404) C-Bection 4 (3.7 %)
— Geobacillus uzenensis U T (AF276304)

Geobacillus thermo catenulatus DSM730 T (Z26926)

Geobacillus vulcani 35-1 T (AJ293805)

Geobacillus kaustophilus BGSCI0A1 T (AY608934)

Geobacillus thermoleoworans DSM5366 T (226923)

Geobacillus lituanicus N-3 T (AY044055)

Bacillus algicola KMM3737 T (AY228462)

67

29
64

68

0.01

Fig. 2-18. The phylogenetic tree of Geobacillus isolated.

Type strains which have the highest homologies with the isolated strains from door-type C (section 2, 3, 4) are marked in red line. The number in parenthesis
represents their homology of the 16S rRNA genes.
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100 Specmmen!_ConsensusSequence.fsta
Gordonia paraffinivorans HD321 T (AF432348) g 2:223 ; Egg; ::;
Gordonia hankookensis ON-33 T (FJ572038)
70 ————Gordonia amicalis [IEGM T (AF101418)
50 - Gordonia desulfuricans 213E T (AF1014186)
100 ~Gordonia terrae DSM43249 T (X79286)
Gordonia lacunae BS2 T (EF151959)
1311 . Gordonia amarae DSM43392 T (X80635)
Gordonia hydrophobica DSM44015 T (X87340)

[ %
e

ot 100 —Gordonia phosphorivorans Ca8 T (HE574551)
o 99 [Gordonia alkaliphila GJ10 T (JNOO8111)

Gordonia hirsuta DSM44140 T (X93485)
Gordonia bronchialis DSM43247 T (X79287) BSL1x
84 ~Gordonia aichiensis DSM43978 T (X80633) BSL1*
Gordonia sputi DSM43896 T (X80634) BSL1x
Gordonia otitidis IFM10032 T (AB122026)
Rhodococcus nanhaiensis SCSIO10187 T (JN582175)

48

100

0.01
Fig. 2-19. The phylogenetic tree of Gordonia isolated.

Type strains which have the highest homologies with the isolated strains from door-type C (section 3, 3) are marked in red line. The number in parenthesis
represents their homology of the 16S rRNA genes.
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99 — Cellulosimicrobium funkei ATCC BAA-886 T (AY501364)
L— Cellulosimicrobium cellulans DSM43879 T (X79455)
Cellulosimicrobium terreum DS-61 T (EF076760)
Isoptericola hypogeus HKID342 T (AJ854061)
53 100 —Isoptericola jlangsuensis CLG T (EU852101)
63 L—Isoptericola dokdonensis DS-3 T (DQ387860)
Xylanmicrobium pachnodae VPCX2 T (AF105422)

39 30 Promicromonospora kroppenstedti RS16 T (AMT09608)
95 1 84 Promicromonospora xylanilytica YIM61515 T (FJ214352)
99 79 Promicromonospora vindobonensis NBRC16525 T (Tecsrg0078)

Gd Promicromonospora aerolata V54 A T (AJ487303)
Promicromonospora sukumoe IFO14650 T (AB056130)
Promicromonospora citrea DSN43110 T (X83808)
89 —| Isoptericola variabilis MXS T (AJ298873) | G- SL’CTiOU 3(99.6 %)

H- Secfion 1 (99.6 %)
Isoptericola variabilis MX5 T (AJ298873) N- Section 3 (99.6 %)
31 |_—Pronicromonospom flava CC0387 T (ANB92980)

Cellulomonas chitinilytica X.bu-b T (AB268586)

86

0.01

Fig. 2-20. The phylogenetic tree of Isoptericola isolated.

Type strains which have the highest homologies with the isolated strains from conveyor-type G (section 3), conveyor H (section 1) and conveyor N (section 3)
are marked in red line. The number in parenthesis represents their homology of the 16S rRNA genes.
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Arthrobacter crystallopoletes DSM20117 T (X80738)
99 | Kocuria varians DSM20033 T (X87754) | A- Section 5 (99.4 %)
ld L Kocuria varians DSM20033 T (X87754)
Kocuria salsicia 104 T (GQ352404)
—+ Kocuria rhizophila TA68 T (Y16264) | H- Section 9 (99.6 %)
79 ——EKocuria carniphila CCMI132 T (AJ622907)

——Kocuria atrinae P30 T (FJ607311)

i L Kocuria gwangalliensis SJ2 T (EU286964)
40 &1 Kocuria marina KMM3905 T (AY211385)
Kocuria palustris TAGA2T T (Y16263)
Rothia amarae JI18 T (AYD43359)

45

48

80

50

92

go [ Kocuria rosea DSM20447 T (X87756)

T4 Kocuria polaris CMST6or T (AJ2T8868)
Kocuria aegyptia YIMT0003 T (DQO59617)
36 Kocuria flava HO-9041 T (EF602041)

Kocuria turfanensis HO-9042 T (DQ531634)
Arthrobacter globiformis DSN20124 T (X80736)

24

0.01
Fig. 2-21. The phylogenetic tree of Kocuria isolated.

Type strains which have the highest homologies with the isolated strains from door-type A (section 5) and conveyor H (section 9) are marked in red line. The
number in parenthesis represents their homology of the 16S rRNA genes.
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Arthrobacter antarcticus SPC26 T (AM931709)

100

100

39

49

0.01

Arthrobacter ramosus DSM20546 T (X80742)

Zhihenglinella aestuarn DY66 T (EU939716)
Micrococcus lactis DW152 T (FN6T3681)

Micrococcus terreus V3M1 T (FJ423763)

89 ——Citricoccus zhacaiensis F524 T (EU306672)

99

Citricoccus parietis 02-Je-010 T (FM992367)
Citricoccus nitrophenolicus PNP1 T (GUT9717T)

Micrococcus cohnii WS4601 T (FR832424)

96

Micrococcus lylae DSM20315 T (X80750)

Micrococcus antarcticus T2 T (AJ005932)

4
54

Micrococcus endophyticus YIM56238 T (EU005372) | A- Section 1 (99.9 %)

Micrococcus flavas LWé T (DQ491453)

al

41

82 ——Specimen34_ConsensusSequence.fsta
A- Section 2 (99.5 %)

Arthrobacter gangotriensis Lz1Y T (AJ606061)

-Micrococcus yunnanensis YIMG5004 T (FJ214355) | . section 3 (99.8 %)
44 L—Micrococcus luteus NCTC2665 T (CPO01628) [ Section 4 (99.7 %)
[-Section 5 (99.7 %)
M- Section 2 (99.8 %)
M- Section 2 (99.8 %)

Fig. 2-22. The phylogenetic tree of Micrococcus isolated.

Type strains which have the highest homologies with the isolated strains from door-type A (section 1, 2), door-type C (section 3), conveyor-type I (section 4,
5) and conveyor M (section 2, 2) are marked in red line. The number in parenthesis represents their homology of the 16S rRNA genes.
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Marinithermus hydrothermalis T1 T (AB079382)
Oceanithermus profundus DSM14977 T (AJ430586)
92 Thermus igniterrae RF-4 T (Y18406)
56 100 | Thermus arciformis TH92 T (EU247889)
50 Thermus scotoductus SE-1 T (AF032127)
Thermus thermophilus HBS T (M26923)
62 81 Meiothernus timidus SPS-243 T (AJB71168)
Meiothermus chliarophilus ALT-8 T (X84212)
a0 58 Meiothermus rufus CAL-4 T (FN178496)
[ 95 Meiothermus granaticius AF-68 T (GU584097)
Meiothermus hypogaeus AZM34c11 T (AB586707T)
67 —Meiothermus ruber ATCC35948 T (Z15059)
Meiothermus cerbereus GY-1 T (V13594)
6 rSpecimen6S_ConsensusSequence.fsta B- Section 3 (99.7 %)
Meiothermus cateniformans LY1 T (EU247891) | B- Section 3 (99.6 %)
B- Section 3 (99.4 %)
9T |_Meiothernus taivanensis WR30 T (AF418001)
Desulfosoma profundi SPDX02-08 T (HM056226)

99

10

L i

0.1

Fig. 2-23. The phylogenetic tree of Meiothermus isolated.

Type strains which have the highest homologies with the isolated strains from door-type B (section 3, 3, 3) are marked in red line. The number in parenthesis
represents their homology of the 16S rRNA genes.
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Microbactermm hydrocarbonoxydans DSM16089 T (AJ698726)
Microbacterium oleivorans DSM16091 T (AJ698725)

48 ———————NMicrobacterium flavum YM18-098 T (AB286029)
97

Specimen29 _ConsensusSequence.fsta

91| 54 || Microbacterium lacticum DSM20427 T (XT7441) | B- Section 6 (99.5 %)

Microbacterium schleiferi DSM20489 T (Y17237)

| Microbacterium koreense JS53-2 T (AY962574)

33 T4 —Microbacterium pumilum KV-488 T (AB234027)
37 85 I_—Microbacteriun deminutum KV-483 T (AB234026)

Microbacterium fluvii YSL3-15 T (AB286028)
64 72 Microbacterium aoyamense KV-4082 T (AB234028)
- 80 Microbacterium aurum DSMB600 T (Y17229) ?3;;‘“;:;"“ s
Microbacterium lacus ASE-52 T (AB286030)
Microbacterium pygmaeum KV-490 T (AB248875)
38 49

——Microbactermum terregens IFO12961 T (AB004721)

Microbacterium terricola KV-448 T (AB234025)

Microbacterium azadirachtae AI-5262 T (EU912487)

0.01

Fig. 2-24. The phylogenetic tree of Microbacterium isolated.

Type strains which have the highest homologies with the isolated strains from door-type B (section 6) and conveyor-type M (section 8) are marked in red line.
The number in parenthesis represents their homology of the 16S rRNA genes.
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ag Moraxella porci SN9-4M T (FMB872292)
78 Moraxella caviae CCUG365 T (AFD05187)
Moraxella catarrhalis ATCC25238 T (AF005185) BSL2

100 |Sp ecimen45_ConsensusSequence.fsta

1M:-raxe1]a osloensis DSM6998 T (AB643599) BSL 1% g-g_soegr)ong
83 ——————Psychrobacter arenosus R7 T (AJ609273) ?’919 :e:gou S
84 Psychrobacter sanguinis 13983 T (HM212668) -
80 Psychrobacter lutiphocae IMMIB.L-1110 T (FM165580)
100 Psychrobacter submarinus KMM225 T (AJ309940)
100 4|—Psychrnhacter marincola KMM277 T (AJ309941)
85 100 Psychrobacter cibarius JG-219 T (AY639871)
87 Psychrobacter arcticus 273-4 T (AV444822)

6 08 L Psychrobacter glacincola DSM12194 T (AJ312213)
Psychrobacter faecalis Iso—46 T (AJ421528)
Psychrobacter celer SW-238 T (AY842259)
52 Psychrobacter aestuari SC35 T (EU939718)
Moraxella boevrei ATCCT00022 T (DQ15614T)

0.01

Fig. 2-25. The phylogenetic tree of Moraxella isolated.

Type strains which have the highest homologies with the isolated strains from conveyor-type H (section 9) and conveyor-type M (section 5) are marked in red
line. The number in parenthesis represents their homology of the 16S rRNA genes.
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100 |Paracn ccus marcusi MH1 T (Y12703)

Paracoccus haeundaensis BCT4171 T (AY189743)
75 [Paracoccus carotinifaciens E-396 T (AB006899)
Paracoccus alcaliphilus ATCC51199 T (AYD14177)

100 |Sp ecimend44_ConsensusSequence.fsta

G- Section 1 (100.0 %)
||Pamcoccus yeel G1212 T{(AYD14173) BSL1x | M- Section 5 (100.0 %)

13 Paracoccus thiocyanatus THI 011 T (D32242) M- Section 8 (100.0 %)
61 100 —Paracoccus hujuniae FLN-T T (EU725799)
——Paracoccus aminovorans JCM7685 T (D32240)
Paracoccus denitrificans ATCC17741 T (Y16927)
Paracoccus pantotrophus ATCC35512 T (Y16933)
Paracoccus marinus KKL-AS T (AB1856957)
100 rParaco ccus niistensis NII-0918 T (F J842690)
L Paracoccus chinensis KS-11 T (EU660389)
Paracoccus koreensis Ch05 T (AB187584)
Paracoccus aminophilus ATCC49673 T (AY014176)
Gemmobacter aquaticus A1-9 T (EU313813)

26

10 | 32 97

17 45

49

0.01

Fig. 2-26. The phylogenetic tree of Paracoccus isolated.

Type strains which have the highest homologies with the isolated strains from conveyor-type G (section 1) and conveyor-type M (section 5, 8) are marked in
red line. The number in parenthesis represents their homology of the 16S rRNA genes.
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79

Paracoccus solventivorans ATCCT00252 T (AY014175)

62

Paracoccus koreensis Ch05 T (AB187584)

100 I-Paracn ccus niistensis NII-0918 T (FJ842690)

47

I—Panco ccus chinensis KS-11 T (EU660389)

Paracoccus huijuniae FLN-T T (EUT25799)

26

100 ——Paracoccus pantotrophus ATCC355612 T (Y16933)

20

a7

41

19

60

Paracoccus versutus ATCC25364 T (AT014174)

. I- Section 4 (99.1 %)
Specimen2] _ConsensusSequence.fsta M- Section 3 (99.1 %)

72—

Paracoccus aestuarii BT T (EF660757) M- Section 4 (9.1 %)
M- Section 8 (98.8 %)
Paracoccus homiensis DD-R11 T (DQ342239) \1- section 8 (99.1 %)

26

Paracoccus zeaxanthinifaciens ATCC21588 T (AF461158)

Paracoccus rhizosphaerae CC-CCM156-8 T (JN662389)
Paracoccus saliphilus YIM90738 T (DQ923133)

Paracoccus fistulariae 22-5 T (GQ260189)

Paracoccus caeni MJ17 T (GQ250442)

0.01

Paracoccus marinus KKL-A5 T (AB18695T)

Citreicella thiooxidans CHLG1 T (AY639887)

Fig. 2-27. The phylogenetic tree of Paracoccus isolated.

Type strains which have the highest homologies with the isolated strains from conveyor-type I (section 4) and conveyor-type M (section 3, 4, 8, 8) are marked
in red line. The number in parenthesis represents their homology of the 16S rRNA genes.
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100 ISp ecimenl2_ConsensusSequence.fsta

100

LPetrobacter succinatinandens 4BON T (AY219713) | D- Section 2 (99.8 %)
52_ —Tepidiphilus margaritifer N2-214 T (AJ504663)
100 Newvskia soli GR15-1 T (EF178286)
100 I—Hydro genophilus thermohiteolus TH-1 T (AB009828)
I—Hydrozenophilus hirschii yelba T (AJ131694)
———————Thauera terpenica 58Eu T (AJO05817)
100 Thauera humireducens SgZ-1 T (JQO38037)
100 ——Thauera linaloolentis 47Lol T (AJO05816)
- Thauera butanivorans IAM12574 T (AB021377)
Thauera mechernichensis TL1 T (Y17590)
Thauera chlorobenzoica 3CB-1 T (AF123264)
Thauera aromatica K172 T (X77118)
4 Thauera aminoaromatica 52 T (AJ315677)
Thauera phenylacetica B4P T (AJ315678)
Thauera selenatis ATCC55363 T (Y17591)
Azonexus fungiphilus BS5-8 T (AF011350)

52

67

U l1
Fig. 2-28. The phylogenetic tree of Petrobacter isolated.

Type strain which has the highest homology with the isolated strain from door-type D (section 2) is marked in red line. The number in parenthesis represents
their homology of the 16S rRNA genes.
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Psychrobacter maritimus pi2-20 T (AJ609272)
Psychrobacter faecalis Iso—46 T (AJ421528)

100 |Sp ecimen24_ConsensusSequence.fsta

81 IPsychrobacter sanguinis 13983 T (HMZ12668) | x\. sectiom 4 (1000 76
55 o9 '——————————————Psychrobacter arenosus R7 T (AJ609273)
16| Psychrobacter lutiphocae IMMIB L1110 T (FM165580)
48 Psychrobacter fulvigenes KC40 T (AB438958)

Psychrobacter jeotgali YKJ-103 T (AF441201)
Psychrobacter aquimaris SW-210 T (AY722804)

25 P 46 Psychrobacter piscatorii T-3-2 T (AB453700)
- | _I:Psychrobacter nivimaris 88 2-7 T (AJ313425)
56 Psychrobacter proteolyticus 116 T (AJ272303)
87 —Psychrobacter urativorans DSMI14009 T (AJ609555)
98 Psychrobacter cibarius JG-219 T (AY639871)
4|:—Psychmbacter arcticus 273-4 T (AY444822)
60 Psychrobacter glacincola DSM12194 T (AJ312213)
Psychrobacter salsus DD48 T (AJ539104)

b 1
L, 1

0.01

Fig. 2-29. The phylogenetic tree of Psychrobacter isolated.

Type strains which have the highest homologies with the isolated strains from conveyor-type I (section 5) and conveyor-type N (section 4) are marked in red
line. The number in parenthesis represents their homology of the 16S rRNA genes.
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93_|Pseudononas vancouverensis DhA-51 T (AJ011507)
Pseudomonas moorei RW10 T (AM293566)
85 |

78

Pseudomonas umsongensis Ps3-10 T (AF468450)
—Pseudomonas mohnii [pA-2 T (AM293567)
43 Pseudomonas taivanensis BCRC17751 T (EU103629)

63 Pseudomonas monteili NBRC103158 T (AB681966)
_[—Pseudonunas plecoglossicida FPC951 T (ABO0D9457)
Psendomonas mosseli CIP105259 T (AF072688)
Pseudomonas seleniipraecipitans CAS T (FJ422810)

96 Pseudomonas parafulva AJ2129 T (AB060132)
4|Pseudononas fulva NRIC0180 T (AB060136)
85

61

67

44

36 Pseudomonas reinekei MT1 T (AM293565)

L —Pseudomonas jessenii CIP105274 T (AF068259)

45

79 || Pseudomonas koreensis Ps9-14 T (AF168452) I\t' SECT@OH 8(99.0 '?"il)
1 IPsendomonas koreensis Ps9-14 T (AF468452) N-Section 9 (98.0 %)

Pseudomonas moraviensis 1B4 T (AY970952)

Pseudomonas cremoricolorata IAM1541 T (AB060137T)

0.01

Fig. 2-30. The phylogenetic tree of Pseudomonas isolated.

Type strains which have the highest homologies with the isolated strains from conveyor-type N (section 8, 9) are marked in red line. The number in parenthesis
represents their homology of the 16S rRNA genes.
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100 |Specimen1 3 _ConsensusSequence.fsta

IPseudoxanthomonas taiwanensis CB-226 T (AF427039)

81 ——Psendoxanthomonas suwonensis 4M1 T (A¥927994) D- Section 2 (99.9 %)
70 . . D- Section 2 (99.9 %)
58 ——Pseudoxanthomonas daejeonensis TR6-08 T (AY550264) D- Section 2 (9.9 %)

63 89 Psendoxanthomonas koreensis TT-09 T (AYE60263)

64

Pseudoxanthomonas kaohsiungensis J36 T (AY650027)
Pseudoxanthomonas broegbernensis BI616-1 T (AJ012231)
100 I—Pseudomnthononns mexicana AMX26B T (AF273082)
L—Pseudoxanthomonas japonensis NERC101033 T (AB681337)

14 Xanthomonas cynarae CFBP4188 T (AF208315)

63 I¥anthomonas vesicatoria LMGO11 T (Y10761)

100'Xanthomonas campestris LMG568 T (X95917)

Xanthomonas pisi LMG847 T (Y10758)

- Xanthomonas bromi LMG947 T (Y10764)

43 Xanthomonas vasicola LMGT736 T (Y10755)

72 L-Xanthomonas oryzae LMG5047 T (X96921)
Pseudoxanthomonas kalamensis JA40 T (AY686710)

0.01

Fig. 2-31. The phylogenetic tree of Pseudoxanthomonas isolated.

Type strains which have the highest homologies with the isolated strains from door-type D (section 2, 2, 2) are marked in red line. The number in parenthesis
represents their homology of the 16S rRNA genes.

.79-



92 ——Rhodococcus wratislaviensis NCIMB13082 T (Z37138)

——Rhodococcus opacus DSM43205 T (X80630)
36 Rhodococcus tukisamuensis NBRC100609 T (Tecsrg0083)
50 ——————FRhodococcus marinonascens DSM43752 T (X80617)
57 Rhodococcus josti IFO16295 T (AB046357)

Rhodococcus coprophilus DSM43347 T (X80626)
Rhodococcus corynebacterioides DSM20151 T (AF430066)

2? 41 54 Rhodococcus yunnanensis YIMT0056 T (AY602219)
100 L —Rhodococeus kyotonensis DS472 T (AB269261)
Rhodococcus fascians DSM20669 T (X79186)
2? - Rhodococcus globerulus NBRC14531 T (Tecsrg0101)

i Rhodococcus erythropolis DSM43066 T (X79289) | N- Section 1 (98.7 %)
hodococcus qingshengii djl-6 T (DQ0S0961)

Rhodococcus jialingiae djl-6-2 T (DQ185597)

Rhodococcus erythropohs DSM43066 T (X79289)

Rhodococcus baikonurensis GTC1041 T (ABOT1951)

99

35

34
34

Rhodococecus equi DSM20307 T (AF490539) BSL2

0.01

Fig. 2-32. The phylogenetic tree of Rhodococcus isolated.

Type strain which has the highest homology with the isolated strain from conveyor-type N (section 1) is marked in red line. The number in parenthesis represents
their homology of the 16S rRNA genes.
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48

99

22

28

40
68

40

Staphylococcus lugdunensis ATCC43809 T (AB009S941) BSL1x
Staphylococcus hominis subsp. novobiosepticus GTC1228 T (AB233326) BSL1x
Staphylococcus haemolyticus ATCC29970 T (D83367) BSL1#

Staphylococcus cohnii subsp. urealyticus ATCC49330 T (AB009936)
|——Stapl‘::a'ion:c;t:u:us cohnii subsp. cohnii ATCC29974 T (D83361) BSL1*

—————Staphylococcus nepalensis CW1 T (AJ517414)
Staphylococcus arlettae ATCC43957 T (AB009933)

- Staphylococcus gallinarum ATCC35539 T (D83366)

100 [Staphyhcoccus equorum subsp. equorum ATCC43958 T (AB009939)

0.01

84

100

LStaphybcu ccus equorum subsp. linens RP29 T (AF527483)
Staphylococcus succinus subsp. succinus AMG-D1 T (AF004220)
Staphylococcus succinus subsp. casei SB72 T (AJ320272)

Staphylococcus xylosus ATCC29971 T (D83374) BSL1x
Staphylococcus saprophyticus subsp. saprophyticus ATCC15305 T (AP008934) BSL1+

64 | Specimen26_ConsensusSequence.fsta

61

—||5taphyb coccus saprophyticus subsp. bovis GTC843 T (AB233327) I- Section 5 (99.9 %)

Staphylococcus saccharolyticus ATCC14953 T (L37602) BSL1x*

Fig. 2-33. The phylogenetic tree of Staphylococcus isolated.

Type strain which has the highest homology with the isolated strain from conveyor-type I (section 5) is marked in red line. The number in parenthesis represents

their homology of the 16S rRNA genes.
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Staphylococcus devriesel KS-SP 60 T (FJ389206)
Staphylo coccus haemolyticus ATCC29970 T (D83367) BSL1%

100

Staphylococcus hominis subsp. novobiosepticus GTC1228 T (AB233326) BSL1*

L— Staphylococcus hominis subsp. hommis DSM20328 T (X66101) BSL1*
Staphylococcus lugdunensis ATCC43809 T (AB00S9941) BSL1x
Staphylococcus pasteuri ATCC51129 T (AB009944)

Staphylococcus warneri ATCC27836 T (L37603) BSL1%

99

Staphylococcus simiae CCMT213 T (AYT27530) BSL1x*

47
62
81
86
37|
T

97

0.01

96 IStaphybcoccus aureus subsp. aureus ATCC12600 T (D83357) BSL2
Staphylococcus aureus subsp. anaerobius ATCC35844 T (D83355) BSL2

98 |Specinen32_ConsensusS equence.fsta

lFtaphyb coccus epidermidis ATCC14990 T (D83363) BSL1#| B- Section 2 (100.0 %)

82

———— Staphylococcus saccharolyticus ATCC14953 T (L37602) BSL1x
Staphylococcus capitis subsp. urealyticus ATCC49326 T (AB00993T) BSL1x

Staphylococcus caprae ATCC35538 T (AB009935) BSL1%

78 ‘ |
69 Staphylococcus capitis subsp. capitis JCM2420 T (AB626127) BSL1%
Staphylococcus rostri ARI262 T (FM242137)

Fig. 2-34. The phylogenetic tree of Staphylococcus isolated.

Type strain which has the highest homology with the isolated strain from door-type B (section 2) is marked in red line. The number in parenthesis represents

their homology of the 16S rRNA genes.
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M2 FF O 72 DITHAEWEIZX LTINS H Y . & O S E D3l fd ~ o> F 1 K
TICHEHELTWD 29, 80°COTTELRIE, V7 2HBMEELY b7 T AR
X L TCOLFBEETCLLIAEELHD, T _XTEXALATDT v 7 L—Jb
(Section8) B L U'H —7 » (Section9) 72»HHIR 7 T LfaMEE N HES LTV
L2 ECHBERLIEY, RO OMAIIEIRICERBZEINDLZ ERD R, RT X
A TWHERIT TR,

ASEIOMETHEES NI T X TOME X, [ MESME T CHEE L 72, FIE S
238D O L, 20 @ TOKKN I X T —EBHMERIChESINT, 2 DB X
—EBGMERITIGKEMES L IT@BEHESEE TH L2 b, A EOER
FHITB W TREHSRKER IZFICS WD EX oo, B 8RS (B Mk
FETO@REMOBEH) CREBET 2L ABEEDOBEBAN TN AT 4 VA
T HDMEENIHAONICRDITT TH D,
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(a) Door-type

T=—=t=—== | Section 3

@ ,— Section 4

Section 6
Section 5 — )
. Section 1
1)

c @ @ Gram-positive bacteria (mesophilic bacteria)
(O : Gram-positive bacteria (thermophilic bacteria)

@ Gram-negative bacteria (mesophilic bacteria)
U U H H (O : Gram-negative bacteria (thermophilic bacteria)

(b) conveyor-type
Section 3 Section 4 Section 9 Section 7

/

Section 8 _
Section 6

/

©) - IEEEEEI ()

Section 1 ]

Section 2 7|

{

Section 5

Fig. 2-35. Mapping of isolated bacteria.

The identified strains were classified into gram-positive bacteria (mesophilic bacteria),
gram-positive bacteria (thermophilic bacteria), gram-negative bacteria (mesophilic
bacteria) and gram-negative bacteria (thermophilic bacteria), and mapped to the
dishwasher section. The number in the circle shows the number of isolated strains.

-84.



FEM 7R MR 22 AT o T, AR TR BCRNE AR & R O R AE

TARNE . TN el AN
RED, FMEOSAEFERLZHE M L (Fig. 2-36), fix b HBHE 2 &2 - 7o Hl

X, Bacillus J& T 22 %. WWT Anoxybacillus J& 11 %. Acinetobacter J& 7 %.
Micrococcus J& 7 %. Paracoccus J& 7 %. Staphylococcus J& 5 %DINETdH - 7=,
Bacillus B1X. A RIFAE LI BEESEOKOK 7TH LB SN, BIEHS

KT, Z770BMEELIV L7 T LGHERPEDHENEmNEF X D,

Bacillus
22%

m Bacillus
» Anoxybacillus

Other
Acinetobacter

39%
# Pseudomonas

Anoxybacillus
m Staphylococcus

_:‘fé \ 1%
= Micrococcus
| = Acine;cg/lzacter + Paracoccus
=== Pseudomonas Other
Paracoccus 2%
7% Micrococcus Staphylococcus
7% 5%

Fig. 2-36. Genera of isolated strains.

Pie chart shows isolation frequency of viable bacteria.

Anoxybacillus J&. Geobacillus J&. Meiothermus J& . Pseudoxanthomonas J&., ¥

X Y Petrobacter J& L& IR (50 225 60°C) TH B AlRE R IFEAVMERIEE 12 0 FE S 4.
N5,

Anoxybacillus J& ¥ X OV Exiguobacterium J& I U7 /v 71V |
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Anoxybacillus JEIZBMEHRIED 77 AGHERE T L, TOELLBGT VY
THY., pH 8.0 5 105 CTEFNARE T, T XTOFRN 50 2»5H 62°CIT 2 E 4=
BIREZ R > T\ 5 29, Geobacillus J{ X7 7 LAGVERE T, £#AE pHIE 6.0
D 8.5, BHMABTIREIXSS D 65°CTH Y, 3515 75°COFPH THEF M Al HE
TH D M, Meiothermus J& XK NMED 7T LAEMAE T, pH7.S 75 8.0 IZF
pHZFH, 30 5 66°CIC R A FIRE # £ >, Pseudoxanthomonas taiwanensis
XAFRMED 7T NG TEREE T, 50 205 60°CTAEB ARETH 5, Exiguobacterium
BT EMEE KM D 77 AGHERE TH Y pH6.5 0D 11.5 TEFRIEETH D03,
FHEAEFTIREIL 37°CHIITTH D Y, Gordonia J&. Kocuria JEIXHHRE O —FL T
o % 2027,

T, REBOERIZE Y EHGELE L THEMN o 7=, Acinetobacter J& O
Acinetobacter haemolyticus, Acinetobacter junii, Acinetobacter Iwoffii, Moraxella J&
?D Moraxella osloensis. Paracoccus J& D Paracoccus yeei, Staphylococcus J& D
Staphylococcus saprophyticus. Staphylococcus epidermidis 1%, B 1 58 Y o J5 K &
ThoHrEOWMENDH D 2, BEANICELE> TIIMEERLRWVWMETH ., H%E
REBELDBPE BT BT L EHEEREPLELEEZTHAER LD,
B0 RO & A8 O M 23 Be. mlmE ik TR SN D Z &3 E LR
Y,

ASEORECTIERPHHITRHIN Lo, AEEORIE - & pHER T
ThH, PRESCHBMEME 2 EHEA R A TOMENEETEDLZ ERNGh-o
I BT HEORK E R D2AFEMEVOHIE L +2ITEZVHFLZD, Lohb L
LIEfAERNRRALETH D, £ TRIZ, BIEEOWEHF LR CHERN SN T VA
U Pt Al O & FEAR B IZ 5T D BRE DRI OV TEEL S BREEL 72,
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2-3-4 FHEMACXTI>AEEBAESRAOREZR
RV OME G EZ MG 3 57O R R EEA 0L 2 BEF O R B
A7 vV eEH L Ore Tl st L2 (Table 2-1), #Efixt £ & L2 MEIT

7T NEME E UTE coli. 77 LR & LTS aureus 3 KXW 2-2-3 @

%
it

T b % < Wi STz B subtilis % W72,

E.coli \Zxf L TlX, 7B VU ks OKBEfbFT R UL BT N UL, REE
FTRUTLA) ORLE SN EREAY T and FIZBWV T, 25°C, 60°CV 3 4L
DIEFEIZBWT S AEEIL 1/100~1/10,000 (Z{X F L 7= (Figs. 2-37, 2-38), 7 /L
HIVKOT NIV IREL, KBt MY oA HERS R UL KRBT N T A
DIETEWV, BREZIEIX. 7A B VEBENEL (a>b,c,d>e, ), HOWEEHIR
FEREWIEE ((e-1>e-2) , (f-1>f2>1f3)), Il L7~ (Fig.2-37), HHFERE
HRITHD MU ZaaAd YT XVIE, TAH VRSB REMOEHERK ¢ T
%, 25°CCTRRE I B &2 R & 72 x o 72 (Fig. 2-38), E. coli {2k L Cix, HeiEHI N T
NIIVHETHDLZENAEMEZS LN,

S. aureus \Zxt L ClE, 25°CTIEWTNOWEEHMLBREDIREDGE O h o7
2% (Fig.2-40) . 60°C CITAE £ 2% 1/10~1/100 (2K F L 7= (Fig. 2-39), Z D5 %
(X, S. aureus 7 E. coli 0 & 707 U WA L T2 & < . 60°C O i JE
MDD RN EEFEAIDHEIC VERLTWD, £, 60°CIZH T 5 R % F
F. RV 7 YT RVBORENmLS 7251EE (d>c>b) M L L7 (Table
2-1, Fig. 2-39), ~VUZumnA Y7 ZVERIL., AP THAKSE L C Wk i
I, ZOWRBEFEBPREDIR LR LICESZS 2 615 (Fig. 2-43),

B. subtilis \IZ%F L Tl&, 25°C, 60°CVTNDORMFITB N THREDRNIEE A
ERD B o7 (Figs. 2-41, 2-42), FREXEMBORESE KR ZHER L -
ALRBMAICH L CHORBEARIIEON ol TAB VHEEAL Y 71
7A Y YT XVERS FERERE ISR L TREDEDMENWEE X b5, T (GF
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fe) WX @b F Y AR =T L lFE (2—F), 77 ARTIHE, =
VT I A R RREE, T4 T ARTNEE, a7 bR IS, 2 — MY
X2 NI EDPNDHRY . B subtilis TIE@EBEDOT VX —a— & T ATHED
A F—a—b P52, £ F—a— K MNEIT A B VITL-> TREILT D08,
TUH—a— NMIBREO L R BETHERSND, T VX —a— LY
HoFZiartz N0 7 L3O, BHERMEL R LELLEEZLLNLD,

N

(U]

)
|

—
|

Bactericidal activity (log;,)

e}

None a-1 a2 b c d el e2 f-1 f-2 f-3 g
Detergents

Fig. 2-37. Bactericidal activity on E.coli (60°C).

The sterilizing activity of each cleaning agent against £. coli at 60°C for 5 min is shown. None:
Control, (a-1): Detergent (Sodium hydroxide 38 wt%) 0.1 wt% solution, (a-2): Detergent
(Sodium hydroxide 38wt%) 0.2 wt% solution, (b): Detergent (Sodium silicate 25 wt%) 0.15
wt% solution, (c): Detergent (Sodium silicate 25 wt% + Trichloroisocyanuric acid 0.8 wt%)
0.15 wt% solution, (d): Detergent (Sodium silicate 25 wt% + Trichloroisocyanuric acid 1.6
wt%) 0.15 wt% solution, (e-1):Detergent (Sodium carbonate 44 wt%) 0.1 wt% solution, (e-2):
Detergent (Sodium carbonate 44 wt%) 0.2 wt% solution, (f-1): Detergent (Sodium carbonate
44 wt% + Trichloroisocyanuric acid 2.0 wt%) 0.1 wt% solution, (f-2): Detergent (Sodium
carbonate 44 wt% + Trichloroisocyanuric acid 2.0 wt%) 0.15 wt% solution, (f-3): Detergent
(Sodium carbonate 44 wt% + Trichloroisocyanuric acid 2.0 wt%) 0.2 wt% solution, (g):
Detergent (Trichloroisocyanuric acid 1.6 wt%) 0.15 wt% solution.
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Fig. 2-38. Bactericidal activity on E.coli (25°C).

The sterilizing activity of each cleaning agent against E. coli at 25°C for 5 min is shown. None:
Control, (b): Detergent (Sodium silicate 25 wt%) 0.15 wt% solution, (c): Detergent (Sodium
silicate 25 wt% + Trichloroisocyanuric acid 0.8 wt%) 0.15 wt% solution, (d): Detergent
(Sodium silicate 25 wt% + Trichloroisocyanuric acid 1.6 wt%) 0.15 wt% solution, (g):
Detergent (Trichloroisocyanuric acid 1.6 wt%) 0.15 wt% solution.

Bactericidal activity (log;,)

None a-1 a2 b c d el e2 f-1 f-2 f-3 g
Detergents

Fig. 2-39. Bactericidal activity on S. aureus (60°C).

The sterilizing activity of each cleaning agent against S. aureus at 60°C for 5 min is shown.
None: Control, (a-1): Detergent (Sodium hydroxide 38 wt%) 0.1 wt% solution, (a-2): Detergent
(Sodium hydroxide 38 wt%) 0.2 wt% solution, (b): Detergent (Sodium silicate 25 wt%) 0.15
wt% solution, (c): Detergent (Sodium silicate 25 wt% + Trichloroisocyanuric acid 0.8 wt%)
0.15 wt% solution, (d): Detergent (Sodium silicate 25 wt% + Trichloroisocyanuric acid 1.6
wt%) 0.15 wt% solution, (e-1):Detergent (Sodium carbonate 44 wt%) 0.1 wt% solution, (e-2):
Detergent (Sodium carbonate 44 wt%) 0.2 wt% solution, (f-1): Detergent (Sodium carbonate
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44 wt% + Trichloroisocyanuric acid 2.0 wt%) 0.1 wt% solution, (f-2): Detergent (Sodium
carbonate 44 wt% + Trichloroisocyanuric acid 2.0 wt%) 0.15 wt% solution, (f-3): Detergent
(Sodium carbonate 44 wt% + Trichloroisocyanuric acid 2.0 wt%) 0.2 wt% solution, (g):
Detergent (Trichloroisocyanuric acid 1.6 wt%) 0.15 wt% solution.

4
@
= 3
s
A 2
Q
&
E
.8 1
‘g
3
9 0 0 0 0 0
m 0
None b c d g
Detergents

Fig. 2-40. Bactericidal activity on S. aureus (25°C).

The sterilizing activity of each cleaning agent against S. aureus at 25°C for 5 min is shown.
Not sterilizing effect was observed in all sample. None: Control, (b): Detergent (Sodium
silicate 25 wt%) 0.15 wt% solution, (c): Detergent (Sodium silicate 25 wt% +
Trichloroisocyanuric acid 0.8 wt%) 0.15 wt% solution, (d): Detergent (Sodium silicate 25 wt%
+ Trichloroisocyanuric acid 1.6 wt%) 0.15 wt% solution, (g): Detergent (Trichloroisocyanuric
acid 1.6 wt%) 0.15 wt% solution.

N

(U]

[\

—

Bactericidal activity (log;,)

e}

None a-1 a-2 b ¢ d el e2 f-1 f-2 f-3 g
Detergents

Fig. 2-41. Bactericidal activity on B. subtilis (60°C).
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The sterilizing activity of each cleaning agent against B. subtilis at 60°C for 5 min is shown.
None: Control, (a-1): Detergent (Sodium hydroxide 38 wt%) 0.1 wt% solution, (a-2): Detergent
(Sodium hydroxide 38 wt%) 0.2 wt% solution, (b): Detergent (Sodium silicate 25 wt%) 0.15
wt% solution, (c): Detergent (Sodium silicate 25 wt% + Trichloroisocyanuric acid 0.8 wt%)
0.15 wt% solution, (d): Detergent (Sodium silicate 25 wt% + Trichloroisocyanuric acid 1.6
wt%) 0.15 wt% solution, (e-1):Detergent (Sodium carbonate 44 wt%) 0.1 wt% solution, (e-2):
Detergent (Sodium carbonate 44 wt%) 0.2 wt% solution, (f-1): Detergent (Sodium carbonate
44 wt% + Trichloroisocyanuric acid 2.0 wt%) 0.1 wt% solution, (f-2): Detergent (Sodium
carbonate 44 wt% + Trichloroisocyanuric acid 2.0 wt%) 0.15 wt% solution, (f-3): Detergent
(Sodium carbonate 44 wt% + Trichloroisocyanuric acid 2.0 wt%) 0.2 wt% solution, (g):
Detergent (Trichloroisocyanuric acid 1.6 wt%) 0.15 wt% solution.
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Fig. 2-42. Bactericidal activity on B. subtilis (25°C).

The sterilizing activity of each cleaning agent against B. subtilis at 25°C for 5 min is shown.
Not sterilizing effect was observed in all sample. None: Control, (b): Detergent (Sodium
silicate 25 wt%) 0.15 wt% solution, (c): Detergent (Sodium silicate 25 wt% +
Trichloroisocyanuric acid 0.8 wt%) 0.15 wt% solution, (d): Detergent (Sodium silicate 25 wt%
+ Trichloroisocyanuric acid 1.6 wt%) 0.15 wt% solution, (g): Detergent (Trichloroisocyanuric
acid 1.6 wt%) 0.15 wt% solution.
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Trichloroisocyanuric acid Isocyanuric acid Hypochlorous acid

Fig. 2-43. Hydrolysis of trichloroisocyanuric acid.

Trichloroisocyanuric acid dissolves in water and decomposes into isocyanuric acid and
hypochlorous acid.

77 LREMEEORIEIIZT AL VIREANEDTHY . 7T DG TER O il
WA REARMOEANER Th o7z, —J7, FRIEKEICIE, — K27V
BV R OBRE D RITAR o 7o, BN S OFEERIC 7 T DGR 3
FEHRENZ holz v D fid, 7B UkiEAl OB TORIEICRA DN H D Z L

ZRrLTWb, FITEIETIT. EREEERKICONTHRI L,
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EIE BREBT MV UVLIORENICIHT DMEEORE

B

REEFT BV U A ER LK FE AN (Sodium carbonate-hydrogen peroxide (2/3))
. @FR, KT B U v A (Sodium percarbonate ; LLF SP) LFEIENTHY .,
W ZE R MR T, MEROEAACWEEAIE LTHEMASATWD, SP I3

FOHLO L L CTREAMB/NI WD, BREENE Y, SP O&EH I %

M EXEL72010, A4 I AF AT U v T HERR (2-[Bis (carboxymethyl)
amino] propanoic acid ; LL N MGDA) % Bl & ¥ 72 §5{K 2-[Bis (carboxymethyl)
amino] propanonic acid-chelated copper (LA T MGDA-Cu) % SPIZIRML T, H#HEA
7 R U ERHE Staphylococcus aureus, K # Escherichia coli, &5 5. Bacillus subtilis .
DRERBR AT 572, MGDA-Cu ORMNIL, GRAEEDDOET L THD BSA O
A D ST SP D S aureus |23 T HRE R A0 LS, —F5. E.coli
(2% L CIE BSA HEFAE T OB IZFISRD R 63, B.osubtilis (2% L TIEIT & A
ENRBBOONRD 0T, VI T X TRBE D —FETdH % Legionella pneumophila
[Z%xF L Tix BSA f#7E T C MGDA-Cu D IRMEIEBEBD biviz, SP I A 47 ¢
WEBDRERRR D —D>THDHT7NF BT MU UL L B subtilis DXSEYTH
LRV y- TN EIVBOFT R ULEOMEZERTIEL20RIH Y. MGDA-
Cudmdimic Lo TExoRFiLm kL7,

3-1 S

WAL AKFZRL SPORE NRIEB 2 D 5 2D ICEEAE E L CTeE sk
MAAINTWNWDLZEE2H 1 ETHR, o, 7D VEERILZ T L5%EH
RHFREREICH L THARRENREBICS NI ENFE2ETRINLLED
SP & & JEEEIRIC DV TRFT & 1T o 72,

AL KSR IEE L OMBEERICEY, e FrF TP B0 (- OH) KR
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2L AF T A (- O0H) 72 EOJEMEREFETE (Reactive Oxygen Species :
ROS) 4+, E RKufx LI PO ABLOE R v tx v LT Phi
fi Mk pH fEIK CHRER (L KB IZAJE A A v (Fe?' X° Cu') ZMABEAIC G & & il
57z bR (K1, 2) ITEVERT DD,

Cu? + H,0, —» Cu* + +OOH + H* (X 1)

Cu* + H,0, — Cu?+ +OH + OH - (X 2)

ROS X FEFICARLE CTHMM AR, KGR E L, MEHDO & v 7%
DNA 72 E QRO E 2 IFBR L L, A FEGLsl 5 D

o Sl ERMEE KT L D ROS AERIE. F L — MANT X o TH A B HilfE ©
L, =F L YT I NUEEEE (EDTA) (L 28ioF L — NI, B FrF LT
CHNVDOERERDIELN, WMBEKFZEOFLETTE RN EF LT Y
ANEHEMSED D, AF 7Y v R (MGDA) 1%, EDTA XV b &m0 /E
SIREZFFOF L —FAITHDH YYD, MGDA L, HIREEE TIX EDTA £V 2%

SRS TV 97D, MGDA X, pH2 7° 5 13.5 DAV pH #iFH T £ 1f
A& EREBEWEDOEGIKEZEKT 5 Y, MGDA L&A A IZ@H, 1:10F
VI TR BT 2 99,

L VA R THEIL EIT Legionella pneumophila \Z £ > THl &L Z &5 HE DRI
WAREBRTH DN, TORAEFIAALT T 4V LADOFHELHBEL TS 10, Ry
FT7 4V A OEEIRERK YT EPS TH V. EPS IZH £ 5 Ms 28 D Rk 5y
DOEODRTNAFXFUVBETHDLZ L H2H 1 8 (1-4-3) TRz, TF BRI
I%. Pseudomonas aeruginosa =° Azotobacter vinelandii \Z X » CTHER S 5 1D 12,
WL KBNS ERSNEZT O INICE > THMER, BOTFEOT VXU
D VR AT H, SPIX. mEAT RUKEERIBEFENEKRT S
NAFT 4 MR LT WEERBET U v AL W% OREHR &R 1,

TEERELE DANA A7 4 L DAOFREICITWEBRIEKFERHER SN TND R, N
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R I7HESLaX M ClRERZH DL Z &b, RE TSP # H.0IZ, MGDA-Cu
W X2 EFME CxE T 2BREDR L AL A7 o L 2ITHT DBREZR %25
i L7z BERICKET BBRE R ORFHT., FEREKE O B. subtilis (GEIIZ
DNPBRAED =), 7T NEERE O S. aureus, 77 LAEMERE O E. coli 3 L OV L.
pneumophila Z 1=, RA T 7 4V LADOBRERFIL. TAXVBT R 74D
IR X DREZWET D Z LT ko TR L 72,

B. subtilis DPEET HREMICAR Y y-7 % I . (Poly-y-glutamic acid (y-
PGA)) &2 9, y-PGAITMTDRGIE D TH Y | B. subtilis D—FETdH %
MHEEICL > TIEOND &G FTh D, T O y-PGA X, #1558 23 5k HOH FE 1 2>
ODHFEN L ELEFHICADL EERBHBIN., 74722222 (Quorum
sensing) & MEIEN 5 MM EISEEEORB FICHD 1D, 74T LawL T
(X, EPS BE/E°NA AT 4 )V DD AKEE TR OB 2 "D, £ 2 TT VxR

TRV TAZMA, RYy- I Z I P UL ONTHRE LT,

3-2 ERFGE
3-2-1 MGDA-Cu ® 7l

MGDA-Cu /X, 108 mmol/L MGDA - 3Na (Trilon M liquid, BASF ¥ ¥ /X £
Rt HEL AAR) BIO 13 mmol/L fifgs (ID (=& —727 IX&EKEAS
o WAL BAR) 2% L7 KSR 28 L7z (Fig. 3-1), ZOIREY % 13 mmol/L
MGDA-Cu KiEiK & L ThRAF L 7=,

FAEEIRIZ. MGDA L84 AN 1: 10T NETHEEREZERT S (Fig. 3-1),
OBNAEIT 4 THY, A A (Cu?') Z .01 MGDA O fEREL 72 COO ™ 6

G NELALAE BT D,
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Na 0L N )

\[ CH,

o — N
}) (@) (0]

A

-+

O Na o

MGDA3Na MGDA-Cu
Trisodium;2-[bis (carboxylatomethyl) 2-[Bis (carboxymethyl) amino]
amino] propanoate propanoic acid-chelated copper

Fig. 3-1. MGDA-Cu.

MGDA-Cu was obtained by mixing MGDA3Na and copper (II) sulphate, 5-hydrate. MGDA-
Cu forms a complex of MGDA and copper ion at a ratio of 1:1.

3-2-2 KFEME T 5 REAR

MGDA-Cu #is1iZ2 & 5. SP (SPC, Zhejiang Jinke Household Chemical Materials
Co., Ltd., #iT& . HE) OEEAT FUERE., KEEPB X OMERE IR 25RE
YR AZFAG L7z, BEHRIZ, NITEAMERE ¥ — (KR, BAR) oA LL
S. aureus NBRC 12732, E. coli NBRC 3972, 3 X O B. subtilis NBRC 3134 % F >,
Soybean Casein Digest Agar with Lecithin Polysorbate 80 (SCDLP %& X5 #h (H A H
ECOHAR)) THIBEELLZVOZHWE, BELLao=—%20& W0, WEE
ALK (0.85wt% NaCl) (2R L T, W CTEEL 107205 108 CFU/mL (272
LEIOICHBLIZbDEREKRE Lz, BiKIL, 0.5wt% SP, 12 pmol/L MGDA-Cu
ZUM L 72 0.5 wt% SP, 12 pmol/L MGDA-Cu {2\ Tl 217 - 7=, SP D&
(0.5 wt%) 1&. 0.12wt% SP 23 3wt% U v IiET /L7 I > (BSA) 7 F CH A
TRUKREOABTICIEEAERBEB LRV L2 RTHEERICESSRELE
19, MGDA-Cu D JZ 1%, ROS Z AT 2 il el /K3 D3 i I FS5 W\ THRIE L 7,
MGDA-Cu DR EEILm W I7 55 SP AT 9 2 Al ik B3 5 25 ST R B 1T A 5
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REEMETCHLTH, LVIREBEETOLIZENEET LN 9, Len-T, #i
DOHEKEHED 3mg/L B2 VK I ICHREEZRT L,

F9, TEEREICHELAZRAE IML IC, B 0.1mL & 3wt% Y YT V7

I (BSA) ImL & ZEA LATERFEMI %, £ORBRK 1mL & 5 wt%
AT R v A 9mLiMx CHhL, 2nE XLy aPBS(—) HEI=
v AA L (A KBGEHR A St R, AAR) TEEAR L, SCDLP 2 K 1T 35°C
TR EL, AFLcan=—HIh v ML, 2ObHD 3 OOEKIE
PICH L TCTERRDMMZR LI, BEBRIK & oAl 3 L O AR 2D
WTIE, BHRICE DY Tl L, RERE LT, HREBMOGE ., BE
SELVEHRFMAZBE L. 35°C - 30 /3 2% & Lk L7225, B. subtilis \Z3 T
X SP BRRESRZIET L AERS N oT, T2 TSP OREMENLHF LN DS
& U CHMIRE 2 60°CICRRE L7, £ 7. B subtilis [T &SRB & TH
HOPERXLTINRRL7ZO, BRERTOFREOR G 2 L, FRE
75°CT 30 /o ALER Lt IR O A BB EZ I D M T 52 LI ko TCRIBLZ, E
coli 1Z SPIZXt T 2 EZ N TN o T-l2, BAFEMEZ 105 2 IR E LT,
BT, BSA DFEDOHET SP OREMRP RS ELASND T ERHMALLE

W, ARERILIT BSA RO A TG A2 1T - 72,

3-2-3 VOFXTRBECHT IRERR

EBRIL. Legionella pneumophila ATCC33153 SG1 % >, BCYE & K ¥z #h |2 T
36°CT 3 HIEJAIES R LIcb oz e, BAELLLan=—2rWY . 0.1 wt%
Tryptone WANPA A A B BB KICREE L T, WK 108 CFU/mL (2725 X 5 12
ML bO&EEKE Lz, MiARIZ, 0.5wt% SP. 12 pmol/L MGDA-Cu % il L 7=
0.5wt% SP IZ O W T 21T o 7=, MIEDO AL, JIS KA HW\ 72, 3 wt%BSA

ImL ICHE# R I1mL 2z CTIERES L. 35°CIZiHE%. BRIk SmL 2z . 14MH.
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Sy 10 sy IE R S 7o, FrEREIEA % 1 mL & KI5/ 8 mL & JAHE K ImL
DELE WM L TS 245 1k S W70, SO 2 . W 2B B HR K 22 v T B [
7B L. Buffered Charcoal Yeast Extract Agar (BCYE £5#f (AAXZ hv - 5 ¢
v F Y UK, B, BA)) ICT36CTT HME®EL, AF Lian=
—8 A&y LT, L pneumophila % F\WTo R BRIZ, — MW HE AL R R
Bt v & — K| LT,

3-2-4 TAXUVETFYULICKT D aERE
NRAFT T AN D EBERT IR DODOEDTHLIT XU BRI U ULAE D,
Oy R AR EEOREICLVRIEL 2, TAF VBT R A (3
AT FIL-6, HRASHEF I, W, BA) ZRE 1L5wt%lZ 25 K 5 B
L. 40°CIZfRIE L7, Z OKEKIZ, SP 1 wt%., MGDA-Cu 25umol/L. SP 1 wt%
B L Y MGDA-Cu 25 umol/L 1272 % £ 9 WZIRMM L., 3 433 X T KIEHR O X5 %
E L7z, AL JIS 8803 ([ZHUE S L7z mlss ks EEFF (2 — % —No. 2, = —# —[d

HR %L 60 rpm) & AW CTHIE L 7=,

3-2-5 RV y-INEZIVEBRT M) UAIRT D ORRR

B. subtilis D —FE CTHHMEEHIC L > TEAIND y-PGA OREL LT, &NV
- VE I VRS R Y T LB, SPIT X DAy A Ok E OB E IS LV KGE
Lice WU -7V Z I Ui R UL (FL7 A AR MERAS . KRk,
AA) ZIRE 3.75 wt%lZ72 2 K 5 BR L. 40°CIZfRiIR L7z, Z D/KEIKIZ SP 1
wt%., MGDA-Cu25umol/L, SP 1 wt%3 & U8 MGDA-Cu 25 umol/L, 3 wt% i f&{k
KFBIZRD X SWZIRIML, 308 ICKEBEMEDOREE ZME Lz, A IX JIS 8803
R E SN mEERRER (72— 4 —No. 2, 2 — X —[E[#:4 60 rpm) % v Tl
E L7z,
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3-2-6 EEELZHAWEERRR

EEFEICHELIEAA T T 4 VLR T 2B RE BT D720, BEaO
NAF T 4NN ELEEERNBGRROME D —Ha2h vy L, 7T
A > & A{ER L7 (Fig. 3-2), RBRICH WY > 7Lk, 0.5 wt% SP {2 12 umol/L
MGDA-Cu Z i L 72 KK & . el B & LT 3 wi%eul e b K FE KK & T1T
ol By b LB EICERARN > 7 &4kt L. Wi 16.7 L/min T/KE 40°CIZ
i L72Y PR ZBLEWNIZ 60 MRS, KENDHENORELS R %
BRFELT, BEANA T T ANV LDOREESGNTI YA 70 23— % THIE

ffﬁ—”) f:o

Flow rate : 16.7 L/min

~ tube
>

Detergent solution

Circulation pump

Temperature : 40°C
Time : 60 min

Fig. 3-2. Schematic diagram of the experimental model for tube cleaning.

A part of the tube of an actual bathing facility was used for the model. Cleaning was performed
at 40 degrees for 60 minutes in the presence of SP and MGDA-Cu or 3 wt% hydrogen peroxide.
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3-2-7 SSERIC K 2 IBMILAKE Do R
FL— FEDOEWIZ X D8R OGS R 2 REET 5720, wmig{k Kk
FOLSRMEE A2 BE Lz, 8 40 ppm D /KE K 1,000 mL % 53°CIZMIE L TE
., AV —=UE—ZITT1,000rpm TH I LIZAKFIZ, 35wt B kFE (=
BN AR R, JHE, BAR) 262K RE 2,700 ppm (2722 X 5N L
72o Z 212 25 pmol/L MGDA-Cu £ £ O 25 pmol/L 7 = > E-Cu & Z 1L Z RN
CRRETCHEMBRELRE L, AOMBREZ, B~ T B Y U LI
FDOWMEICELIVEH L, &9 v 7V KIERO pH X, $ASE KBGO 2,700 ppm
WEe bk TiEHME (pH 6.5) ¥ L, MGDA-Cu B X OV = U BE-Cu % i

L 722,700 ppm i FE KB Tl RBET R U 7 A% W T pH 10 IZFH%EE L 7=,

3-3 BRBIOVOEZR
3-3-1 HZEMEICHTIBREDR
MGDA-Cu Oz HR1X. S. aureus. E. coli. B. subtilis % F 7= R H %h i Bk

2B THERR

nlllL

TN AV

S. aureus 1%, 35°C+ 10 43 [E] O 12 BT, SP ALEE Tl A E £ A% 1052 CFU/mL
FTULMNEAD Lo zdizxt L, SP+MGDA-Cu ALEE TIEMR MR ALLT (10
CFU/mL LLF) IZI&F L7z (Fig.3-3), AEWIGAORBRE T )L Th 5 BSA F1E
T TIE.SP DREZNRITILT L7z, BSA fF(E T -20 73 D SP AL D A B (1050
CFU/mL) 1%, BSAJEFET - 10 0M o SP A D AEE % (10°2 CFU/mL) & [A]
% Cd o 7= (Figs. 3-3, 3-4), SP {Z MGDA-Cu i L7284 b I, BSA IZ
LB T ORENRD Sz, BSAFE T T40 oS TS & SP AL
HCIXAREOEGFDRD b7z (1032 CFU/mL) . SP+MGDA-Cu QLB T3 #k HY
[RALLTF CTdH -7 (Fig.3-4), 25 OFEFIL. MGDA-Cu DU A S. aureus |2
T D SPORENRE®mDDL I LERLTND,
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E.coli 1% S. aureus XV & SP T LIEKZMENm <. BSAFEFET « 1 oM DS
T, SP+MGDA-Cu W O AWH AR AL T & 72 o 72 (Fig. 3-5). BSA 1
fE FTiL, SP & SP+MGDA-Cu & E. coli IZXI T HAMMENREE D, WH &b 10 5
OB CAEREPBRIERALLT & 72> 7= (Fig. 3-6), E. coli ¥ SPIZxF L TR
BETH->T-0, SRIORBKSEME TIE MGDA-Cu O UINEH R I1F bl T & 72 )
> 7,

B. subtilis DAL, BSA FF4E T + 35°C - 30 S3 [ O ST SP ALHL L /-1
H A7 L. MGDA-Cu (X SP OFREIFMHICIZEE A EREBE E X hote (T —X
IR E9), €I T. MGDA-Cu DRMNZNR 2 549~ 2 72912, SRR L &2 35°C
2B 60°CIZ Bz, L2 L7 b, MGDA-Cu OHINIE, SP OFEIGEMHEIZIZA
DEMN LB A2 IR S 72 - 7= (Figs. 3-7,3-8), AABRIZHEH L 7= B. subtilis D
R o FREOT ., L R B A & e IR (1% B 4L 10° CFU/mL) i 10
CFU/mL Th 7=, HAABERA LT WVOIXRERML NS TH L0, FHE
TEAIELDICIE, RIETHLAREELZ V10 IZHDSELILERNH D, SPA
P L SP+MGDA-Cu LB W41 % . BSA FEAFAE T Tl 60°C - 20 43 LL . BSA 77
£ F Tl 60°C - 40 53 UL EOERRHE A LETH D,

B. subtilis X° S. aureus 72 £ D 7 T LG VERE T MILBE R E NI | E. coli 72 E D
7T NEVEE & T, G ERER (ROS) X T DM E W 29, Kt > T, SP
2%t %5 MGDA-Cu OHMEN R 1T, ME O ROS REEICK T D MHEICIKAFT 5
AREMEDN 8 %, BSA fF/E T T SP OFREZRAET L7 miZ >\ Tid, BSA D X
5 RGN E LB AL KSR & RN L OB A A S 2D BE A SR T
LHIFmMICEEB NS, £7-, BSAB ROSIZL» TRk 5 Z & T ROS
EBEBILDML, TOMRELZERTIETWDLZEREZILND,
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Fig. 3-3. Effect of MGDA-Cu on the bactericidal activity of SP against S. aureus.

The viable cells were incubated with 0.5 wt% SP (o), 0.5 wt% SP and 12 umol/L MGDA (A),
or MGDA-Cu (o) at 35°C.
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Fig. 3-4. Effect of MGDA-Cu on the bactericidal activity of SP against S. aureus.

The viable cells were incubated with 0.5 wt% SP in BSA (e), 0.5 wt% SP and 12 pmol/L
MGDA in BSA (A), or MGDA-Cu in BSA (m) at 35°C.
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Fig. 3-5. Effect of MGDA-Cu on the bactericidal activity of SP against E. coli.

The viable cells were incubated with 0.5 wt% SP (o), 0.5 wt% SP and 12 umol/L MGDA (A),
or MGDA-Cu (o) at 35°C.
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Fig. 3-6. Effect of MGDA-Cu on the bactericidal activity of SP against E. coli.

The viable cells were incubated with 0.5 wt% SP in BSA (e), 0.5 wt% SP and 12 pmol/L
MGDA in BSA (A), or MGDA-Cu in BSA (m) at 35°C.

- 103 -



6.0

2.0

Number of viable cells (log,;, CFU/mL)

1.0
0 5 10 15 20 25 30 35 40

Time (min)

Fig. 3-7. Effect of MGDA-Cu on the bactericidal activity of SP against B. subtilis.

The viable cells were incubated with 0.5 wt% SP (o), 0.5 wt% SP and 12 umol/L MGDA (A),
or MGDA-Cu (o) at 60°C.
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Fig. 3-8. Effect of MGDA-Cu on the bactericidal activity of SP against B. subtilis.

The viable cells were incubated with 0.5 wt% SP in BSA (e), 0.5 wt% SP and 12 pmol/L
MGDA in BSA (A), or MGDA-Cu in BSA (m) at 60°C.
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3-3-2 VAR TRERCHTIREDR

LY AR T BE T D L. pneumophila \Z¥ 7%, SP 2%+ %5 MGDA-Cu D i
mzh % =4 (Fig.3-9), SP X 35°C - 5 o3[ O EM CTAERE %2 10° CFU/mL % T
KT L72DIizx L, MGDA-Cu #N Tl HRALLT (102CFU/mL) (2 % Tid
L7z, — . 3 wt%ilR{b k3% Tid, 35°C- 1 O EH CAEBEKITHRHBARALT
2 Uiz, SP & MGDA-Cu #ffH L S sHIER S®2 2 & T, LYFXRTIE

ikt~ =2 7 VI CHEIRI N TWD 2005 3 wt% mg{k/KE & R%ORE

BRBE LN,
8.0
a
E 70 = i
-
S &
~ 60
50
ke
2 50
3
= 40
<
5
G
S 30
[P}
O
g 2.0 N
E .
0 2 4 6 8 10
Time (min)

Fig. 3-9. Effect of MGDA-Cu on the bactericidal activity of SP against Legionella.

The viable cells were incubated with control (sterilized saline) (m), 0.5 wt% SP (o), 0.5 wt%
SP and 12 pmol/L MGDA (A), or 3 wt% hydrogen peroxide (x) at 35°C.
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3-3-3 TAXUVBFT NI UVLAORE~DEE

TNANXCBEIINAT T ANLD N v IR GFDODO0EDTHL, > T,
TIXUBEDOSRICEY SPOXRALFT T 4 VLABRENRAZFEMTE S, 7LX
VEIE D-v Xyl - va N 1,4-7) a2y RES LEHEES L-HE
ETHD (Fig.3-10), SPIC L DT X U@ MU U LDOREAICKT S MGDA-
Cu D& HE %579 (Fig. 3-11), MGDA-Cu DA DHE, TAXUBRT R U AD
MEEDOE TFIZTR BN o722, 1.0 wt%SP ALFLE K OV 1.0 wt% SP+25 pmol/L
MGDA-Cu & O ff FIALBE TIETREEE DR T 23 W 540, MGDA-Cu (X SP (2 X % IOk
R EFIZED, B Raxv AT h AR EO ROSIE, Bre—A S Lo
— AR EDOE Fe X v et L, SASNTEINVR=VIEIZERT 5 B-T
Nax URBEROSIC E D 7Y a v FREGRAT 5 222, SP 6 /ER L 72 ROS
CEoTTNAFUBEO ) a2y FEENHAL, B FEOT VX BRI
RENTEBEEZOLND D, TAXF BT NI ULDOMBEFIZED 02105 09%
DARBRKEITIRT L, TRICHEVECFY S &R EERVH S FEPMERT TS
ZEDVHERINTWD 2,

COONa OH COONa HO
~
0]
0 o © N o /)Ho
o o 0
0 HO COONa
HO COONa

Fig. 3-10. Structure of sodium alginate.

Sodium alginates are polymers consisting of B-(1,4) linked D-mannuronic acid (M) and a-(1,4)
linked L-gluronic acid (G).
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Fig. 3-11. Effect of SP and MGDA-Cu on the viscosity of sodium alginate.

Sodium alginate (1.5 wt%) was incubated in the presence of 1 wt% SP(A), 25 umol/L MGDA-
Cu (0), or 1 wt% SP and 25 pmol/L MGDA-Cu (m).

334 RV y-INEIVBOT NI ULBE~DEE

B. subtilis WFEAT HHE M TH 5 y-PGA (Fig. 3-12) O F F U 7 AHITHH L
25 pmol/L MGDA-Cu 3 X T8 3 wt% (LK FIXWAE DR 2 R S 220 o 7= DI %t
L. 1 wt% SPIZHK I AR L. 1 wt%SP+25 pmol/L MGDA-Cu ff AL EE C 1%
BIZZORMMEE STz (Fig. 3-13), 7 AF BT MU U LADGE &[RRI,
RYy- TN FI VBTN AIBNTYH SP2SLARK L ROS 1T LV MES
MEZ Y AKSTibs e & & X bivd, y-PGA IX B. subtilis, B. licheniformis, ¥
& OV B. anthracis % & te Bacillus J& O —H OME B ELET HEEE 7 FTH D 25,
NAFT 4NV LAOBRBERIZGEAET 580 Th D72, SP & MGDA-Cu O fif
X B. subtilis DIERT DA F 7 4 VADOGRIZEHEZEZ DN D,
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H,N ” AN “NH ” OH
o) o)
HO ko
o -n

Fig. 3-12. Structure of poly-y-glutamic acid (y-PGA).

Poly-y-glutamic acid is a polymer in which a carboxyl group at the y-position and an amino
group at the a-position are peptide-bonded.
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Fig. 3-13. Effect of SP and MGDA-Cu on the viscosity of poly-y-glutamic acid sodium salt.

Poly-y-glutamic acid sodium salt (3.75 wt%) was incubated in the presence of 1 wt% SP(A),
25 pmol/L MGDA-Cu (o), 1 wt% SP and 25 pmol/L MGDA-Cu (m), or 3 wt% hydrogen
peroxide (x).
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3-3-5 EEETOHREHR
SP & MGDA-Cu ff R CORREZ R T AFX BT U U AITxET 2 55 2
ROVMERTERLLLD, BEEOREICMNELILEAAT T 4 VD EF IR T
DU R RAE LT, RIS S HEZOREFMOREEE v N L, BEENE
YA BAaA—TICTHBELLLEZA, BEAOAA T T 4 VIARHERI N, Z
DEEEEZRAHNTERLEETT VT AV TORERBRICE VT, 3 wt%i iRk k
RTEHBOAENANITEAEREIR RPN >ToDITK L, SP & MGDA-Cu @ fif H
TIHIENDO KD NBEESNL BEEOAL L OO MR S (Fig. 3-14),
FNRAFT 4 NV DHERICK T HBREDRIT, WERIEKFE LY S MGDA-Cu Z iR

MLTEZSPOFNRE W EERLTWD,

(A) 0.5 wt% SP+ 12 umol/L. MGDA-Cu (B) 3 wt% Hydrogen peroxide

Before
cleaning
Black stains
After
cleaning

Fig. 3-14. Pictures of inside of the tube by microscope.

The inside of tubes before and after cleaning was observed with a microscope. Black stains
were removed by washing using MGDA-Cu and SP. However, black stains remained after
washing using hydrogen peroxide.
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COBREFROENZ, SP LIBIELKFEDO pHIZEL Db D EHLZL TS, SP
FKRIZE T TR T FY UL LB bKFICHERE L., KT Y U L8 8EKSD
D LIk oTHTALIM (pH10 205 11) 2537, —J. 3 wt% @Ez{k
KFEOpHIL 65 THMETHD, TABVHIZ, ¥ X7 EHELHEE, HIE
Zxf L K vt e Wo e R OER 2R T, ATV L AREITHE L
TeHfizx DZ R ERLMEFRICH T oRENITpHAE < 2213 E (pH 11 LL E)
BN 2N H D 20, o T, XU HOMAEN & & A WIE NN K
DNRAFTT 4 VBT, TUVHIVETHDL SPOTREREHEZEIND,

3-3-6 SASKIRIC L BB KK DRI E

18 e b 7K FE T %k 3 D 88 R O TE PEAL i B R A | SASE KRN O A & | SR
KT HF L — hE%Z MGDA L 7 = URIC LG E L CTHE L 7=, 884K
WIMOEE, 30 3 BICTEBILKENZEAESMINT AL TWZDITK L,
MGDA-Cu TIEH 3 /5, 7 = U fR-Cu TIIK 1 /512 fani- (Fig. 3-15), &
WOZEMITZ = U #E-Cu LV H MGDA-Cu @ 53 @ < | #ilsk ik D22 EME & ROS
DAERBIIREFI T2 EEZ6ND, BBILKBED DI NDLEICEET L
R X T O NED ROSIIRIGHENE W &b i B 72l Tl g bk
RENMRTDHDIEPRENORLVGFE LY, FL— MEIZ K > T ROS DAERL
HWEITE RO, HHEFICARAG S TF L MELZRET LI EVLETH
%o AR 3-3-1 B L 3-3-2 128V T, MGDA-Cu (% E. coli X° L. pneumophila
EWo VT AEMEICR Lt RE 2~ Lz (Fig. 3-5,3-9), ROS 2/ W
Mz Rm"d 77 LEEEEFICHLTIE, FL—MEZ2 7 = BO XD RBZEME
DARNEEIRIZ L, ROS OAEMBELZHELT Z & T, BRE &M ETE S Al gEtEn
» D,
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AR TR, SSERERIIOWEEEEKkFE (pH 6.5) (IZxF L. MGDA-Cu B LT
7 = UE-Cu I L2 KEERIE. IR MY U A% HWT pH 24 10 (274
Lz, B3BOHES B3-1) IRLZ7 2 b URSIE pH DEEZZIT0T <,
PPl CROC B IELRLTWNE SN TWDLD, 85708 UETHmEEbKFED S
fRAEHE DS R S Tz,

3,000
2 2,500
%

S

2o 2000
g &

% &

1= 1,500
B 5 1,000
- O

53

2° 500
<

&

= 0

0 5 10 15 20 25 30
Time (min)

Fig. 3-15. Decomposition of hydrogen peroxide.

Hydrogen peroxide was decomposed to produce ROS in the presence of MGDA-Cu (A) or
citric acid-Cu (o) and its absence (0).
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EEEHWERERBREE T AT VBT NI D LAERHNEANAAS T 4V AET
IV E A 5 72 RERIZ T, MDGA-Cu OB IRICH 2 BN 2R EHR L FHik &3t
BT HNRNAFT 4V NITKT D0 IREDNREPRD LT, #sERIZ L5 ROS
PDEEOMBEBEANITEA LR ZE L 2D, N4 47 ¢ v XN &S M ast
ShEa MLl EZ NS, — ., ERE Z V3B IR RIXFEIET
EEbDOD NAFTT 4N IDHPOMEOEBORFEE TITIEEL oo, IR
DR EEE OMERZIIEMETHLI B 2N, XA T T 4NV LAET

LEBRFRAMEL, MEECEA D REELET OLERD S,
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HA4E BRARETFTCOERLEASALS LT 0 VAOBEBRENT

% 3 FETIL, SP ~® MGDA-Cu ORMIZ XV | SP O K FHM (2%t 3 5 R T
ELNANAT T 4NV LDGRE X OEHEDRN BRI ND T ENEREL LT
R TEl, LNPLARRLRERBEOREFIZERINDINANASA LT 4 VAT IV HE
MTHDID, ETVERZOBENLETHD, T T, BRAEEETT VE
HAWTEENIIANAAS A7 4 VL% BRI, SP &, SPIZ MGDA-Cu Z RN L 7=
AL TIEBEE ATV, LT ONRA T T 4 VDD ERT 2T, HiE
fEATIX, REHFICE ENHME O DNA A B H O KEICHENT T& 5 16S rRNA
TroTVary—r0r A2 vz, SPIZ MGDA-Cu # 1z % &, SP DHD
LD A A7 0 L ADOFE#EMERK (Proteobacteria [ & Bacteroidetes [ 12 J& 3

LMl OREL) NRELS BT DI ENRSNT,

4-1 S

% 3 BETIL, MGDA-Cu 78 SP DB R & mh ., /A &7 4 )b b O 57
THLZTNAFXF BT MU LOBMERESELZ RS olc, £Z TR
KEFEETNLVEZHONTAAL T T 4V LEZBRISE, SPOALTHEEFLESLS L.
MGDA-Cu Z¥#/M L 72 SP CHIFLIEHE L T, "M AT 4V AFOHERLZE
fEHT LT, WMEmMrici, o rEMTFNFIETCOLIRIER —F =285
16SIRNA 7 > 7 U oo —4 o 2T &2 Wiz,

RETOMAEMEZE =2V 73556, IR LT IRETOMAEYMOREE
EHAERET S ENEETH D, I DNA MR EIN & L CHEHREL TV D
OBRERMER =7 —Th oD, ZHE TOHIEIE, 16S rRNA s F1F #H I
DE, /s —=2 71X DGGE I EIZ X A2 7w, o8y %E2T
— AN —=ZLWMELTREZIT> TCWe, L2ALINLIREEN RN CTH 5
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To . EEMRMNT AT O BE IR, R RN &R TE R PCRIER
ETHMITLERT D, EVWoTm2BBEORT v 72V ERND - 72, s
— =T I EDOY—F v AT TR T DR 1 O F B HE @
Bt 7 0 DA BRI T 2 72 D BRI AEAT & E B R MRAT S — B I T &
HONERMR =T P —DRERKOMATH DL, Wity — 7 % — Ot Ji
B, 7T Varyy—rrrv v sbvay NIy T ERD D,
TV arvy—4ryryZiE, 16S RNA O X ) REED~—h —#Eis 1%
PCR CHlIE &, T OHEIEEY O DNA % 1 43 1 AL T KBS N3 5 )7
ECThHDHY, vay M=y ZiE, PCRICK ZHEEZ T T, 3B
FIZFEET D DNA 2 Wi b U B MBI+ 2 FiEThdd D, vay b

=i, PCR CTHENKEELR DA NASL T 7 — VO N TE D

Sy

W, TrTVary—rrrry R0 1 Ab OV ICHEE I DR
BNL< s,

A EfENT I A L2 Hlumina O ®RER S — 7 o — i, AJ#m Y —I 31—
Z—ERRAVWLNTEY, M EED 150bp~250bp (X7 = > NN O %A
TZD245) LEOTHLN, 1 HIOMFTTHOLND U — FEBRZVORRET
HoH, —J7, BNMEEEENE WD, AEOKEILS 2% (2-1) WRLE
16S rRNA B s 7T (et R R 13 800bp) LD LI D, Lizho
T. 16STRNA BIE N CIEIB L XV ETHRETELN, 77X Vavry—7F
YATIE, MU RANEMLURNLVTHEHBEE R T 20N X Y TH D,

KETIL, BB TOERETILONAL T T 4 L5 HWT, SP ALH &
MGDA-Cu Z RN L7z SP ALE 24TV S A A7 ¢ b K Ol [ #% O 1 3E D 24k

BT T aryy—0 AR CTRME L 72,
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4-2 FEBRFGIE
4-2-1 BBRAEBTETNVICBITIBINAALAZT I 4 NVLIDOFKRE TR (1)

BE2m, 110 cm OFE U FET T RAF v 781 T THER S D 068K A
TDOFEERET VAU L. (Fig. 4-1), Ji# 0.2 m/s, & 0.4 L/s DR 7 &l
L. 234 7WNIZ500mg/L O AF LI L7 KEK TOL Z 16°CT 10 A R fE 8 &
TR T EECAAA T T g VA EZRREE (AF LI N KEBERIZT BZIZH L
WK & 22 L 72) (Fig. 4-2), 10 HZICIRERE S g # M L7 (a7
ND)o NAF T 4 VBB E LTEFER /N A 7 % 12 umol/L MGDA-Cu % & 2p 0.5
wt% SP K¥EEHK 70 L T 1 BEREH L, EROANA T T 0V A a2 H WL

(SP+MGDA-Cu Wit V> 7 ), ERRERERD HFIETAA F 7 4 Vv A% FIERK
SH, 10 BREIIAASA AT o v b5 LTe (TEaidr 7 1rQ), A4 7% 0.5
wt% SP AKEEHR 70 L T 1 BffeifF L. EERONNA X7 4V L& fRELT. (SP

Ry TN,

4-2-2 BRABEBEETVCBITIAIARNAAFT 74 NVLDOFREER (2)

ATRC D 4-2-1 E RO EE Z Hvy, XA 7HNIZ 500 mg/L O A F A I L7 KE
#70L &, 16°CT 10 HEIFEER S ¥, B SN A T 7 4 v L&l 7z (T
FATY T N) g NAFT 4V EAPATE LTRSS A 7% 0.5 wt% SP KIEIR 70
L C1REMPER L EEKZHEHBICAT LIV EEZ LR &R U HIETHE
X 10 BRI S NTEANAAL AT oV D EHER U (SPEEZT T L), )
A 7% 12 umol/L MGDA-Cu % & %2 0.5 wt% SP /K¥A#K 70 L T 1 BRI ¥EE L 7=,
WKz, FERICANAS A7 4 VAR SE, 10 BRICER S Uiz A
FT7 4N LEHIL T (SPAMGDA-Cu W& > 7 V), Bl D 4-2-1 Tk
EEDONAFTT 4NV DEHERLIZOICK L, 4-2-2 TEWEEH#% 10 ABAEL -
TICERELL 72,
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Fig. 4-1. Schematic diagram of the experimental model of circulating water pipe.

The experimental model of the circulating water pipe consists of a horizontal U-shaped plastic
pipe 2 m long and 10 cm wide.
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Fig. 4-2. The experimental model of circulating water pipe and biofilm.

(a) Biofilms formed on the experimental model (b) The experimental model was washed with
SP with or without MGDA-Cu. (c) Biofims were collected after the stream was stopped.
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4-2-3 16SrRNA BEFOT V7Y a v v—F v R g

PEER K NA T DOEBRET IV(4-2-1, 422D OB LTEANA F T 4V AH T
v (VE¥ERT, SP I X DUEH#%. SP & MGDA-Cu fFHIC X 2 8EH#%) 2201 T,
ISOIL (kA& tt=yv RN v—r BWHE, BAK) AL, A= —DOFIEIZHE
W, NAF T 4V A0 H DNA i L7z, SISF/806R 77 A ~—2 ZfiH L.
16S rRNA @O V4 fHIk Z 8ig S ¥ 7=, o T T8Iz 6 >ER L= HiIgED % |
Bioengineering Lab K=& 4k (#7311, B A) 12T, MiSeq & & MiSeq sl #
v bk v2 (300 %1 2 /L) (Illumina, San Diego, CA, USA) #fiH L Ty —4»r v &

AT 24T > 7,

4-3 FERBIUEZE
4-3-1 NAFT T4 NVIEHOEE

AR D 4-2-1 B X 4-2-2 12T 2 BIORBRZ FEHE L72nd, SP Wigth & SP+
MGDA i THRE K ANA T EIZRR S NI A T T 4V A E, HERRED
HBLEDORERBEBNTRD HNRN ST,

R LIEANAL T 7 420D 16SIRNA B F&2, 7o) ary—7r s A2
FoTHH Lz, T 42-1 DRBRICEWNWTAALS T T4 v 2B/ —F
v AEFNE, VAT T 49,602 Bl 5, SPAMGDA-Cu W% T 50,695 EL 41, HE i
AT @ C 44,525 BlFl . SP VB4 T 61,720 BLFIRE T & 7= (Table 4-1), #ME D5
AR RIL, xR, M. M B, B, B, HERoTnad, ZThboFEbh
el F) 2 L~ L T+ 5 & 12 O ' (Proteobacteria 1], Bacteroidetes [
Firmicutes [, Actinobacteria [, Verrucomicrobia [, Armatimonadetes [ .
Acidobacteria [, Cyanobacteria [, Chloroflexi [, Planctomycetes [, Lentisphaerae
F9. Spirochaetes ) (2% Y ¥4 T 541, Proteobacteria ., Bacteroidetes 35 L O

Firmicutes 23 K% 5 & 7= (Table 4-1), ELHIE D L > > 7= AL 5 DD % #E ik
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teC¢as L7 (Fig. 4-3-(A)) . PEi# A1 & SP+MGDA-Cu M. Wi ni@ & SP ik
He TlE, W b IREAIE CENREEL TR OONT b DD, RE RE#
ZACIZR O b2 Do 72 (Fig. 4-3-(A))

Iho 3 o0MEML L TN L (Figs. 4-3-(B), 4-4-(C),(D)) .
Proteobacteria [ X . Alphaproteobacteria ifff . Betaproteobacteria i .
Deltaproteobacteria #fl . Gammaproteobacteria # . ¥ & ¥ Epsilonproteobacteria ] {Z
57 1 & k7o, Proteobacteria f1 121X 7 7 A M EMSE L TE L,
Gammaproteobacteria iffi (Z 1% Escherichia J& . Legionella J& . Pseudomonas J& . Vibrio
J& . Salmonella J& 73 & F 415, Proteobacteria [ CiX, P Atk THEN R H #EE
TRLNTELDOD, RELRFHELITE D & 720> o 7= (Fig. 4-3-(B)) . Bacteroidetes
F91%. Bacteroidia #f, Cytophagia #ffl, Flavobacteriia #fl, 3 & U Sphingobacteriia il

77 E 7z, Bacteroidetes I IZIRmMEBEKME 2 T A2 MHENE L TV 5,
Bacteroidetes MICI WV Tik, SP IC K DU TIHEN R EHELILOHL TRERHE
= AL O 0o 7253 . SPAFMGDA-Cu %% Tl Flavobacteriia i D & @

P ® 57 (Fig. 4-4-(C)) ., Firmicutes (% . Bacilli #i. Clostridia # .
Erysipelotrichia #fl ., Thermolithobacteria #f . Negativicutes #i 2 7¥ S 1 5,
Firmicutes FIZIZ 7 7 LM E 28 L Tk 0 | Bacilli # (21X Bacillus J& .
Staphylococcus J& . Clostridia fifl \Z 1% Clostridium BXN & 5, DI NT- DX
Bacilli #ifl & Clostridia #f ® 2 T& ¥ . SP & SPAMGDA-Cu D W J b | Ve Al
THEZITRD 5oz (Fig. 4-4-(D)),

AR 4-2-1 2B W THREAIE CHELZLPBIR TS R TZBRHF L LT, A
FTANDOY TV TDOXAI T HEREGFERZICERB LD B T,
BLENICREKRKEZR/EBE LTEOATH LD, RHFEZOEFEIKD DNA L
&b, £ 2 CTilBr 4-2-2 Tl HhRE#£IC 10 FREAE L TR S
NRAF T 4N EDEWHEHET TV E L CEHRRLO 21T - 72,
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AR 4-2-2 TIX, EHRFATIBE TAA T T 4 VAP OREELNBETE T2, A
FT7 AN/ — 7 o ARSI, VeV T 36,834 B A, SP ALHELTE T
33,576 fil 5], SP+MGDA-Cu ZLBE % T 43,741 BLAIRE T X 7= (Table4-2), 2415
DELINT-EFIL., 8 DD E M (Proteobacteria . Bacteroidetes . Firmicutes
F9. Acidobacteria [, Verrucomicrobia ], Cyanobacteria . Chlroflexi f) (Z%I
D 24T 5 41, Proteobacteria F9 35 & O Bacteroidetes 43 K ¥ % (5 8 7= (Table 4-2) ,
BLANE D% oy o 7= BAL 5 DD Okt % 7~ L 7= (Fig. 4-5-(A)) ., SP+MGDA-Cu
UPRIC X 2 PEBR Yeif Tlx. SP Bl & HE# L T, Proteobacteria [f] & Bacteroidetes
TR & Z2MERENNHER SN (Fig. 4-5-(A), Z D 2 SO % L~ )L TfiF
#r L 7= (Fig. 4-5-(B), (C)), SP+MGDA-Cu ¥E# TIix. SP Hijh & s L T,
Proteobacteria [ ® Betaproteobacteria #ffl (Fig. 4-5-(B)) & . Bacteroidetes [ D
Flavobacteriia il | & 23 KigE (298 L 7= (Fig. 4-5-(c)), Firmicutes P91 5 3172
= ABBNB DI o Tl ML NI TORES TE RN o T,

REBRET VTR IS NI AL T T 4V DI, RERT T LEEMHERE CTHERL S
NTW, %33 (3-3-1 5 3-3-5) IZBWVW T, MGDA-Cu (X SP ® 7' T Afak
WICH T 2REDRZEHD I, A 4 ROS X, 7T AR O MK, DNA
7 LI EE B 2T < VY, ROS I X D MBS B O 4y iR R 1 & oo AR e R
LD, HELAEBEZTmEEZEZOLND,

BREFNII A OB E B S D Z L5 D, MGDA-Cu IZ SP O B iE I
AEMSE, "M T T4 NV LDOMEEDOHBRICKRE RENEG R DI L % im
fPirsz tncEiz,
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Table 4-1. Number of sequences assigned to bacterial phyla.

None®  SP+MGDA-Cu  None®@ SP
Proteobacteria 32,872 32,698 30,466 44,494
Bacteroidetes 7,076 7,560 9,943 13,806
Firmicutes 5,493 5,379 3,710 2,537
Actinobacteria 2,614 3,424 35 74
Verrucomicrobia 474 755 169 248
Armatimonadetes 137 348 40 87
Acidobacteria 287 348 15 290
Cyanobacteria 266 38 6 3
Chloroflexi 186 0 0 3
Planctomycetes 74 25 76 135
Lentisphaerae 68 77 0 0
Spirochactes 55 43 65 43
Total 49,602 50,695 44,525 61,720
(A) Bacteria (B) Proteobacteria
100 7 100
m |
%0 pRags %
% BREE %0
70 70
e 60 o 60
" I
e
L‘g 50 g 50 E
% 40 & 40 wE
3 &
30 30
20 20
10 10
0 0
None® _ SP+  Noene® - SP None® _ SP*  None® - SP
MGDA-Cu MGDA-Cu
OProteobacteria M Bacteroidetes 0O Alphaproteobacteria B Betaproteobacteria
B Firmicutes B Actinobacteria @ Deltaproteobactenia B Gammaproteobacteria
@ Verrucomicrobia # Epsilonproteobacteria

Fig. 4-3. Composition ratio of bacterial flora in the biofilm.
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The biofilms on the experimental model of circulating water pipe before washing (None®D),
after washing by SP and MGDA-Cu (SP+MGDA-Cu), before washing (None®)), and the
mixture of SP (SP) were analyzed by amplicon sequencing of prokaryotic 16S rRNA genes.

(A) The ratio of bacterial phyla shown in Table 4-1. (B) Proteobacteria phylum is further
divided into five classes.

(C) Bacteroidetes (D) Firmicutes
100 77 W “ 100
90 90
80 80
70 70
S 60 £ 60
£ 8
o w©
& s R 1)
o =
.8 .8
g 40 € 0
g £
S S
Y30 U 30
20 20
10 H 10
0 0 H w
None®  SPT  None® =P NoneD SPt None®@ SP
MGDA-Cu MGDA-Cu
OBacteroidia B Cytophagia W Bacilli OClostridia

HFlavobacteriia H Sphingobacteriia
ta Others

Fig. 4-4. Composition ratio of bacterial flora in the biofilm.

The biofilms on the experimental model of circulating water pipe before washing (None),
after washing by SP and MGDA-Cu (SP+MGDA-Cu), before washing (None®)), and the
mixture of SP (SP) were analyzed by amplicon sequencing of prokaryotic 16S rRNA genes.
(C) Bacteroidetes phylum is further divided into four classes and others which cannot classified.
(D) Firmicutes phylum is further divided into two classes.
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Table 4-2. Number of sequences assigned to bacterial phyla.

None SP SP+MGDA-Cu
Proteobacteria 22,038 20,842 21,709
Bacteroidetes 12,046 11,329 19,101
Firmicutes 2,179 818 1,771
Actinobacteria 212 383 888
Verrucomicrobia 287 153 206
Armatimonadetes 28 12 45
Cyanobacteria 0 7 21
Chloroflexi 44 32 0
Total 36,834 33,576 43,741
(A) Bacteria (B) Proteobacteria (C) Bacteroidetes
100 100 100 / %
20 80 80 ﬁ
70 70 70
5 60 5 60 o 60
: £ 3
# e, P
g 50 g 50 § 50
= E G
E 40 ﬁ 40 g 40
8 : C
o] Q v
30 30 30
20 20 20
10 10 10
0 0 0
None sSP SP+ None SP Sp+ None SP SP+
MGDA-Cu MGDA-Cu MGDA-Cu
OProteobacteria B Bacteroidetes B Gammaproteobacteria @ Deltaproteobacteria OBacteroidia m Cytophagia
O Firmicutes B Actinobacteria B Betaproteobacteria O Alphaproteobacteria DFlavobacteriia B Sphingobacteriia
@ Verrucomicrobia ra Others

Fig. 4-5. Composition ratio of bacterial flora in the biofilm.

The biofilms on the experimental model of circulating water pipe before washing (none), after
washing by SP (SP), and the mixture of SP and MGDA-Cu (SP+MGDA-Cu) were analyzed by
amplicon sequencing of prokaryotic 16S rRNA genes. (A) The ratio of bacterial phyla shown
in Table 4-2. (B) Proteobacteria phylum is further divided into four classes. (C) Bacteroidetes
phylum is further divided into four classes and others which cannot classified.
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BSE W

AR TIE,BERARE L LTEBHRER L ERBEETICER L., T
ERFFZ A E LT, MEOEEMRIT EBRETEZBRFT LI,

ARIFFIZTHONT A2 & EEICRIET D,

F2ETIIMEDRRIFERICHNONL TV I REHR (KT X 4T La X
THEAT) OENEXERIZY TV L, PR BIRTEFTT R E A
L. £AFL7car=—% 16SIRNA Bz itz H W CHHKDOREZIT-72, F
THAATHLar X7 A A4 T HEMIC L > THIBEICE DBERENRLY ++&
I bwEErhollBGRdms W ERm SR bz, F7 24 7 TIEdiRME
X0 LR MEMERZ RS, RIBERERGOEKN DS, RvEHL
KBTI, 77 2BEREV L7 T ABHERNE L SBES T, 77 AR I
JABER TS < BB A R L ARHEABNC L DX A=V EZITT 0D, AEED
WEL) 72 ) OKJE) < 80°CORmIRIC L~ CHIMESh Twa Z e mank,
B2 LB O RE 537 b F TG RCE O Bacillus J& 231 H S du ., 47 BV 2R
RELELN TS, ZUHIEIARAAFT T A NDEZRRT D=0, BILHED A F
TANVABREZIZINOOMEOHIEHNMLETH D,

5 3 B TIE, Bacillus EDORE LRI O L A 2 ZIEXRIZEKEET Y
U (SP) ZIEMT 5720, TORE M EFl & L CTHEEIR D0 R 2 WGk L7,
VUFARTBEEIAALT T ANV LERRT DI LD, BIRICHTHREZR
L NAFT T AN L BT DMENSZEOER S THLT VX BT R U
LaHETNE L TEDSMT) 2N L7z, SP T MDGA-Cu #iRIN¥ % Z & T,
B. subtilis =° L. pneumophila & Te 5 FEME 2395 SP OFRE NIZm EL, Hho
FETTOZORENPIAEINICLSLS 2D Lo, MGDA-Cu % SP
DTNFET P UTLIHTOMERTEZRESELZ NG, XA F T 4
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WD GREEZFmO BILD,

B4 BT, BREOREEICBIAIANASA T 7 VLAOMEZITEMETHL Z &
MH, NAFT 4 NVKNETNVOERZBRE Lc, BRAEEET V2V, TO
BREE T CEBICERSETZAAAL T 7 4 Vb % H W THEIARREZIT - 72, SP HLA,
SP IZ MGDA-Cu Z M2 7= %& & TR 21TV, @EE RN NS4 T 4 VLD
WEIZHGZ DB bz kR =T o= (T TV ary—0 0 ZEH) IS THM
L7, SPOATIIHEICKRESRE(NRLON/Z2D 57, SPIZ MGDA-Cu %
W9 % Z LT XY Proteobacteiria f & Bacteroidetes FI DM D 7 7 A TR &
REFEOEADBED LTz, MGDA-Cu lZ XA 47 4 L AOME#EOHRICH K
Bl E b5z,

BEEEERERABEORE BT 2HERFICIEL. FREBREE A4 7 1
WVEDBRE AL FT ANV LT 2EHEBRR~OFEANEETHY, 216
% 3 dafii 2 72 SP & MGDA-Cu $51KIC K 2 ¥ HEM 21 AT 25 2 Ll X v #lf T
x5,

ABFIEIT TS Lo e i id, Ao MEiciELzx L — MAlZMEH L
SJREEIAR T, SP LWL AKB I REVICMBE L KB INDT-O, RBEAMN
DY NEEHTIETH 2, BEMN 2RI M2 TH % SDGs (F#ie 7] 6E 7 B % H %)
OHFIZT o, TXTOASDOEEE @A, ZRRAKOBEO =B LB D,
Vi Bl O KBRE~OAMKIEZ FICHIEL, AxICL o THELRDIWMEDH
O & ST KRB OAEEFHAE O BICFHFES T2 2 LA ANESE O A& (2
HEERD,
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