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NaCl /KA O FRIREMR CLER S & 7o BRIEBMIK &, NaCl, HCl, NaClO Z#ikic/AfRES L TR L 75aikiE .
BRKESRER [V bEIERBE 41.0 mg/L, pH 2.8, M(LETLEN (ORP) 1.36 V vs. SHE], & & Uk % R
e LTHEYIEREBE (ACC) & pH 2E 2 THB L RARBRIKE LT, YBEELOIEE & REHR (4X 108 cfu %
SURERER 25 1L % 5 mL ORERKIC 5 HRIES) %1T-> THREBRKOREEB I >V TR LER, UTo
KO REBENTER. 1) RBKR, EEFRICE-TACCA: 1/10 $TETE® TS ORP b ¢ LrELEd,
B DIEETIE ACC, pH, ORP DWW N dEERICE L LS - /2. 2) BEEME, HCIO BEMEREE & 1HE
L, BRMEEMK &R & O CREFEOERNE VR Eh o, ThbDT &b, 3) FUHREEL T HCIO K&
DOEMERTH 5. 4) pH iE, BIERT O HCIO BOEARIS %Y 2 B EE L, BEIEEIR/NE L,
5) ORP (3, BEEMEEERICTIIE SV, 6) £ Fo+ Y3 Uhiid, HCIO R:@ELkEL, SAR L, REEN
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WCIEENRERTE LTERAL? 22EX 50h 30, BAICBIIAXHRFTREVW LTS3,
F—0—F: BREERK BREER, FUEREE pH BLE7TEAM

1. #

PRMBRKIEE L VWEEEZ V50 AH T 2 HRROK
BEMEERITH 5. HEEKILEO—BIIIERREEHRT
@, EBEORER T BB O EEERIR (HCIO0, HOCI) 72
tahTwal EREEMFEAKICEIL TR, REERRDIZ
», pH OKFRA 4 V1850 LBR{LETEN (ORP), BB/t

ilf]

IKFE (H00) 202k FaF Y5 Yhv (-OH) BSEE

BERELTOVAVALBHEFICL DRI TE L2,
FELREER I EROREERBRTH 5 T EBNIZITHE
LTW323, %, -OH BREERBLERLKED S
R L, MAEMOEGIERIC L > TURDKIRY & v /¥y
BiL L RIEE MET BT EMNREINTEY, pHIZEY
WRA P ORFIERBOFELISIHEL, T L TORP

AR D OBBIKROERICERT 2L VWb T

W3,

TR EEAR/K & BYNCE 5 1T id, 7 DY % IEREICIEE.
LT, HNELEELZARICORT CEONETHS, T
CTHEL R, RENOEEECHEOBRZEMHREST N
, HEREEMEKOBERERWT, BERD OFERE
B, pH, FR{LEILEALOSKEELE (Bacillus subtilis) ¥EIC
RIFTHELHAN, ZORBRERE LY. SEl0HE,
SRERMEEARIK & 7 OIERHK O 2R BRIK & LT, MR

b & REZHER I B 1 % FE[ D FH i Beo W TR EEARK

OREEBAEMRL LS L L bDTH B,
2 EEHEEH® |
BB EAS & ORI, S0l ChbER

e UTEED pHICHER Lok &, Rk %Rk pH
BLTHEOEMWEREE L pHic LK ZEEK LT, <
N5 DOITHERER 2RI L T—ERBIER & & ki E
WEEEL, oo =—HEHlic X D BE/IEFME L 72,

2.1 HREOHE

WERMEB MK O ERIT IR, Ny FRONRA R EEE
[R—r¥—v 4 =% —3=™ JED-007 B (V¥ =v 7 2
BO-FRO 7T v 78D 2V, >+ ) v s BE
99.98%; <+ v 7 AEENAEERIE) LMk (AR
) # 74t Milli-Q Labo ZDQ 2 100 10 H vk, B&KE
R 18.3 MQ cm(25°C)) THEHLL 7z 0.025 EE%NaCl ki
W (AREAETTI4L) 2 1I5DMEREMRL 1k, 7
/= F (BB BWAEDEU . #EEMEDSIIEEL, ki
< 49 % +5EE Ltk 2 LB L EME®
SHVWEHICTELTHERL, —BEE L b0z iR
BRRKOREER E L7, HWpEfK (RiK) ofFwME
FIEE L 41.0 mg/L, pH 13 2.8, BR{LETEN (ORP) id
1.36 V vs. SHE T& » 7z, SHERMEMKERKIE, 1L 2
275 R2axBFVWTElF b)Y U A 141.2 mg, 3 mol/L
e (EEE M 35~37%; BARLFHEE &R A4
KTHER L THE 0.8 mL %4 950 mL Ok I EIRIE
ALk HARBOBWEREBES 41.0mg/L &5 &
51T, & o UHEMEREEELEE L CREERRS
Y o LM (BAIES 6.12%; BB LY BE—H %M
Z (B0.7mL), ZZiTHKEMACTERICL, Th%zig
BT REREE L OERKE U, MHikiESER
kB L ORI, FRROEE, HAVIIpHHEE, 55
WIZFR% pH B LT, EMEREE L pH 2&Ls¥
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£R1 BHHESICLERBEORS - YEEOZE

- EE R D pH FHEE
' - 2.8 55 8.0 _ 11.0
pH
IRTIRI EikREARTOE 2.8 . b5 80 . 11.0
Baick 3721k 0.0 0.0 0.0 0.0
PREZEEN EiREARIOE 2.8 5.5 80 11.0
B&ick 324k 0.0 0.0 —0.1 0.0
4 EFERK HREARIOE 2.8 5.5 8.0 11.0
B&ick 321k 0.0 0.0 0.0 .00
10 fEFHRE ERIESHIOE 2.8 55 8.0 11.0
Ba&ick 321t 0.0 -0.1 0.0 0.0
g tiETEN/V vs. SHE . .
TR HRBEARIOE 1.368 1.181 1.024 0.721
B&ic &k 321k —0.008 -0.002' +0.010 +0.008
2 fEFHI EiRBEAROE 1.359 1.171 1.017 0.697
B&ick 221k —0.010 —0.004 +0.002 +0.010
4 BRI EiRERIOE 1.335 1.151 _ 1.000 0.652
Ba&ick 321k —0.002 -0.013 +0.007 +0.010
10 R BKEATIOE 1.319 1.117 0.999 0.646
Baic & a%1k —0.020 +0.019 —0.010 —0.002
EERIBE /mg L™!
SRR HRIEERIOfE 39.5 , 424 418 42.4
B&ick 3%t -0.9 —-0.6 0.0 0.0
2 EFRRIK ERIESRIOE 19.3 21.1 21.0 21.0
Ba&ick 321k -0.3 -0.3 —0.3 0.0
4 EHERE HiRREARIOE 9.7 10.8 10.2 104
Ba&ic X 321k -0.2 -02 0.0 0.0
10 fEFRHRIK HREAHIOE 3.8 4.3 4.0 4.3
Ba&ick a1t 0.0 -02 -0.1 -0.1

HEAI £ AT RRAR S ERERS () % 5 AMICBY BRI

rb0ERBRKEE LT, 2 YHERES L ORERRIC
U ks, BRI EMAKERY, pHEEICIZ 015
mol/L /KEg(tF b U o 2350 OKBRILF b Y & & HEEE>
96% FIYAISRBISE EMUKTHRL THED 2HV
7c.

2.2 BEOEEIFHES L UYHERESE

HAMEREE I, JIS K 0101-1991 TER/KAEFED
kOHWEEICLOME L., pHIZ, HEBEHTESR
HM-16S & pH # — % — & [8] GST-5211C & pH HIEH +
vy —BOTHIEL . BGETENE, FREERTE
BIHMSS B pH # — 4 — (2 V7 oA —4 =3 L[E
PTS-5011C %! ORP HIEH € v+ —ZH WV CHIE L /-
2.3 HRBROREHHRAE

35°C, 7 HREREMIEE L /o #h EE Bacillus subtilis
ATCC 6633 O 1.6X 108 cfu/mL OEK % HE L, RER
WE Ut BERERK 500 mL A - kBBRICENEN
B 0.025 mL 27EA L, 20 WIRESBSLEEL .
($Hbb, 200:1 DEALT, BAROEKERL 08X
108 cfu/mL Td 3). k& 5 BHtEH 5 2R L 7o
T, 26%F AWRERS b V) v AJKIEAWK % 0.04 mL f0A TR
ERBREOFEEZERS /2%, 0.1l mL 28> T 10 5%
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REHI%E2L D, #hFhoD 0.1 mL ZBE Vv — VICE
A, TOCITIRE U 7 AAMREEREM 10 mL %2MA, +45
BA&BE(LS S/, ChZ237TCTIBREELT, o
= —ZFHHU . BRI,
72— Y3 VEREM GEFHEE) Z6EAL 7.

3. #& ES

3.1 BRERBROVECKNTIEREEE LUHEROE
= .
BERRICE - T, FRREEEREES (200:1 0
BREE) S5 &ITk BRES - YIKEE (pH, ORP, BZh
IERBE) OEMOFEEF = v Lic (RD. EpHO
BRI ER U 7 R B KR S E— T i 7o,
pH B THEHME D B A 175 C & R TE Ve, TRARIR
OEEDO IR TE, pH2.8 & pH 5.5 OEERFRKIC
B A EEREE O T H RS, BRIk
Foohlihote, TRbELE, WFhoyt b idid s
AL, BRERRANOEEIIZET 2HBENTVT L

ERs e, '
—7, EFFRBERRREOYIEIC O WTAHBE, LRD
T LR OFMERBESHRESICREAILTETLT

N—=)yaynN—rAL vV .
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Fig. 1 Dilution effect on the available chlorine con-
centration and oxidation-reduction potential of
bactericidal test solutions.

ORP (Oxidation-Reduction Potential)/V vs. SHE,
ACC (Available Chlorine Concentration)/mg L™}

R1 BERREOEIEREEEBRIETEMICNT S
?ﬁﬁwﬁ'za
ORP (B#{b:Z5CEBAI)/V vs. SHE,

ACC (BAMEREE) /mgL~!

WB DX LT, ORP OEBFIZLA LR B 5 INIE -
= &1, K.
3.2 RERMEMIK & Z OEEREOREE L ERE

SRR ERIRK & 7 OB ORE RO A 5 1o
iZ, pHEZZEZ THERBRERBRZT- /. AL/ pH
i3, 2.8 HEREEFKER), 55 (WRHR TEIIERES
D 99N MWD KERRROL THEET 2LEL LN
3), BLU8.0 (BRERDD 76 %WIKHEIERR 1 #+ ,
A% BREEEROB TEET 2 LEL N BMT VA
V) D3RTH .

X213, REREEHK L BREHRICO VT pH L ARIER
BEAZISE TRERRET> L 20EREARLTY
3. 2 EFRPIE L 4 BRI B O CRERESBK D 5
EFROVBREERHSZED b, BRI TRTOF
U B TR EREK & EEHR A [F] U & 5 S REER =
ALTBY, MEBRK M CRERE O RERIEEZ IR
Dot BB, FKE 2 BHFRKICBWT, pHbB5
DEA DT HS pH 2.8 DIFEA X U bRE /1235 WMER 2
boht, MURREROVELIT-ET A, WERUR
%#%%??%A%&éé@@‘HLTpH55@ﬁﬁm

BREHNVETFBELHAERBED bt RFLER
iaﬁ@f%ﬁttﬁwﬁﬁﬁmﬁﬁ&(ﬁéwmm)@
ﬁ%ﬁﬁ%wﬁﬁ&ﬂﬁwﬁﬁQﬁz&aa&qnﬂ@4
R &fTo BB dbBont. i, \AERHE T pH
28®%Eﬁ$@pH55;Dm@atﬁ%%mf,W%&
ERHRFALTH -7 (77— 7 E).

3.3 ERMEMIKORESM DR
ﬁﬁWh%wfﬁME%ﬁmﬁﬁ&(mﬁriﬂAMm

K OREETEIRR AT - 108, Zh EFABEORRE

pH 11.0° (B#EHR D 13134 N THREEER 1 + ~ O

w
T

Viable count (cfu / mL)

»
T

A
-

e——=e Acidic Denkaisui ®--8 Mimic solution

Fig. 2 Comparison of B. subtilis Killing activity of
acidic Denkaisui and its chemically mimic
- solution.
0.8%x10% cfumL~! suspensions were subject to
the tests.
K2 EREERK ST ORME R Ot

TEHATAEEZLND) ZIAT 4 AO pH TIT - 14
BAK 3 Ic/Rd. BEEREKZ, BERICE T 2R OB
A LEI CREFTERT C LR TE .

4. & 2=

RIEERKORE N EE2 5L TVWAERE Z0ES
WRBEREOBRICOVWT, K3 % & IcERT 5.

KI3A 1, pHEBMERRBEE Y54 -5 -t T
ORP L HAEFEROBBRAERLTHBY, LToC L £25]%
HecehncEs, )ERENZE, 7uh )M (pH8O &
11.0) X v b (pH2.8 & 55) IKBWTEEILEL, B
ﬁﬁﬁ%ﬁ&ﬁ%t%.ZﬁmﬁﬁﬁﬁuomyL@
pH 8.0 BRI OFRE T L BEERIEE 10.3 mg/L ® pH
55 & 2.8 DR OREADBR L L _XNVTH B0, 0O
T &3, pH8O0 TS B HCIO FEERNIER LR 24% T
HBHILEERTLL, BYEREE 4l mg/L 1398
mg/L © HCIO lEFER BV T Licish, pHES D
EMERERE 103 mg/L DA ERI%ETH 5 T &2 EHKk
LTWwWa, §ibb, BEE HCIO BEEIkET 5 &4
Wran s, 3) BILETEA (ORP) i3, pH2MEVIZLF
125, FEU pH TREZMEREEMN 1/10 Kb L T
HFDETET, 5 ORP TLEMEREENE ERE
FBEL S (F1EKLISR). ol End, ORPH
MTRENEHET B LITERY, b5, ORP i3
EEICRE MBI LW SRl sh 3.

M 3B»5id, BEHE HCIO BBOEMERERE & DR
WAEBEASFEA L, 7z, pH2.8 & pH 5.5 OHERK DK
B/ 20 mg/L ZBIKIBE Tl pH 2.8 DAY, HEE
Tl pHEL OAMNE W EMFED NS (A UEBRER
DRLTHEMSERSEONE I LMNEV). DT
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Fig. 3 B. subtilis killing activity of acidic Denkaisui as the function of ORP level (A) and available chlorine concentration

as HOC1 and Cl; (B) at different pH.
Viable rate 1 (control)=0.8 X108 cfu-mL™!

K3 EEERKORGETEN - BERIEE L HEEEFROME (A) B X UREERKHO REEERRRAE B L CIERERR)

% & EEEFRORR (B)

VB L CRTREHE % B B & L T4, pH 2.8 Tld ORP L~
WISTATEIRS D O BB LKFEOEREFEL 5 L NVT
b B9 fwic, BRIKENMEVEZER VNIV ERHRL
TWB T ENEZLNG, ZLT, AREE LT, B
WHELARVTROFEIREL L, DD pH
55 @ HCIO BEBE W T EDHDBENTL BT EEXRL
TVWBEEZBTENTES., IO L, HERHEERIK
L OREIEE A BRI, BERBEAEV &
X T IRERIE MK O A SR VREERIC S 5 & LREEL
TVWBEELNG. BENS, BETIERICLOKDID
TRSEASEE G B 12 0 I BRERIEBBIRK D T AR & U STETF
Eem L ~OUHEEEICE < 10O, 7 ORP TEBER(LKROLE
HELE D EFHIN, TUSEEMCRE NG &
ZioNBAh0OTHS, L, ThbOBEAHOEAME
o WTIE, A8, BENEREIT > TIRIET 2 UENH
5.

PLED X 3 ic, iRk EREEE L HCIO RO
BIERTH 2T b0, REREKEERRK (B4
L) EWERRT B C & OB SRS 1o 7o, Th
VO RHRE U T O BRI REIE RIS & D & O SHEREIC L DR
BT 50hEVSETHE IO EIBELT, HWR
WERKICBWTIZOH 7 YA VOERSED 5NTH
DD, Ftz, OH 5 Y HVic &k 2B 2|MEY o b 50
Lichs-C, MBI/ OREREICE TS 0H 5V
VOSSO VT HEEMSUETH S, HEAHFTE, K
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TR T 7 OB Ic X > TR ED S /¥ HP X
JLAF FEE(LERZT LI KO RENEREST S L
FENTVRY, —F, BERONE T, EEOPHEE
IC BV CEER RS AR TIFRROKREREEL LT,
T o~VAF ¥ 5 — ¥ (Myeloperoxydase; MPO) I & -
€ HCIO ZSEERR L, Zhd HHERKYT % OH I V4 VhiRi
HIRERT & LCERT ARMREN TV A, OH 5 ¥
HIVDOEGHBBD TEVT EEEET S L, FHIRKicBT
ZERAMEET B T &l & » TRRIEEKOREREICE
F30H 5 VA NOBEEAFERSHHET LI LENTE
3EEpn3. OH 5 Y HVsEAEd % &9 hid, DNA S
COIY v B EONE  BENEES LMY
Hahahs, EEC, 5Ll en@x sl EEEHD -
BREBDTVBI012, 7721, OH 5 V4 VASKEIER®

GEEENMATERBVERETEI NG, BEES, bLIER

(ABEER) L12->TW5B LT 5 &, MREERKERER
ORENPHRNETROT, AFFEO LS, ERLTH
512D BB L b 0EF V2 E 2] b ITPRES
EEET 2 ERT 23T Th B0, BVREEESHER
SNBENLTHB.

AT 2 HEE/ROEEIC L - T3, BREHSEIEY -
BEE L O BEANE L, BOMRET 5 LERORESN
DUITET T 2 BRIEBFKEERS €2 LHTES
EVWHEELNH B, CORENET S I VA IVIEETER
BOREAMEET 2 LHATE 2 LEbN 2, RIEER
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TR BRI & & DIREHR DRk BB PR I % SEBRI I

5L, BUEEBKOBREERICOWTLUTO & 2 1cEET
BT EMTE.

1) R ERK OFRE T & B 2 85— DB 3 R T
ERBOBETH D, BMERMKEERROE CEET
BESERDTVADIE pH T, pH N LERE L
TIERLTWA,

2) ORP i3, ELBMIRBEIERICIZM S0,

3) b FeFvivs Vb, HCIO 2B bkEL A4
BRL, BENERERTFELTEBLY 2EEZONED,
BEEAOBRERF TRV EKMEn 3.,

i Lid

AYIRAEREE I BE U T TR o 22 W A BRI R AR
i HEERE, 55 CIKKRBAEOEERFETLFEE HL
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Characterization of Chemical Factors as the Bactericidal Basis of

Acidic DENKAISUI

Katsura TsucHrya*! and Kunimoto HoTrTa*?

* Faculty of Engineering, Takushoku University, Hachioji-shi, Tokyo, Japan
*2 Department of Bioactive Molecules, National Institute of Infectious Diseases, Tokyo, Japan

Strongly acidic Denkaisui [electrolyzed water with pH 2.8, available chlorine concentration (ACC) 41.0 mg
L™}, and oxidation reduction potential (ORP) 1.36 V wvs. SHE], its chemically mimic solution and their
derivative solutions with different ACC and pH were examined for the chemical species as the bactericidal
basis of the Denkaisui by checking the change in the physicochemical properties and the bactericidal activity
against Bacillus subtilis (4% 108 cfu containing 0.025 mL bacterial suspensions were exposed to 5 mL of the
solutions for 5 minutes). The following were obtainable. 1) In terms of levels of pH, ORP and ACC, serial
dilution resulted in the specific change in ACC, whereas no substantial change occurred by mixing with the
bacterial suspension. 2) The bactericidal activity correlated with ACC and was not substantially different
between the Denkaisui and the mimic solution. Based on these, the following should be pointed out. 3) Major
chemical basis for the bactericidal activity is ACC as the HOCI form. 4) pH shows the indirect effect that
controls the ratio of HOCl in ACC in spite of no obviously direct bactericidal effect. 5) ORP plays no substantial
role as the direct bactericidal factor. 6) Hydroxyl radical, a direct bactericidal factor, may be formed from HOC1
as well as hydrogen peroxide, but not be contributive as the original basis for the bactericidal effect of the
Denkaisui.

Key words: Acidic Denakisui (electrolyzed water), Bactericidal factor, Available chlorine, pH, Oxidation-
reduction potential



