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Comparison of Characteristics on Electrolyzed Water
Manufactured by Various Electrolytic Factors
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Efficacy of surface sterilization and physicochemical properties of electrolyzed water manufactured depending on
electrolyte, materials, and type of electrolytic diaphragm used were investigated. Physical properties of
electrolyzed water manufactured from diaphragm system showed the highest effectiveness under at distance
between diaphragms of 1.0 mm and 20% NaCl supplying rate of 6 mL/min. ORP, HCIO (should defined) content,
and pH at above conditions were 1,170 mV, 100 ppm, and 2.5, respectively. Two-stage electrolyzed system was
more effective than one-stage one. Electrolyzed water manufactured from non-diaphragm system at 4 mL/min
supplying rate of 20% NaCl was similar to the most effective diaphragm system, whereas ORP, HCIO content,
and pH were 800 mV, 200 ppm, and 9, respectively. Sealed electrolyzed water could be preserved more than one
month at room temperature with ORPs of 750 and 1,150 mV in non-diaphragm and diaphragm systems,
respectively, and at HCIO content of 100 ppm. Physicochemical properties of electrolyzed water manufactured
from electrolytic diaphragm of IrO, and Pt+Ir were more effective than that of Pt. ORP and HCIO contents of
electrolyzed water manufactured from various electrolytes were high in order of NaCl>KCl>CaCl,, whereas no
differences were observed among electrolytes in sterilization efficacy. Twelve kinds of microorganisms tested
(initial total count, 10°-10° CFU/mL) were sterilized within 1-2 min by electrolyzed water.
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X : Stop valve
Fig. 1. Schematic diagram of electrolyzed water system.
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Table 1. Comparison of physicochemical properties of electrolyzed water manufactured from non-diaphragm and diaphragm type

di;egar;gfm NaCl content Ampere Water volume Physicochemical property
(mm) (ml/min) A) (mL/mim) ORP (mV) pH HCIO (ppm)
05 4 14.66+0.57 73333+ 5.77 1,137.00 + 16.52 3.19+0.18 53.12£292
’ 6 16.00+0.00 733.33+11.54 1,138.00+ 6.24 3.25+0.04 55.27+2.58
08 4 1175125  676.66 + 1527 1,158.75+ 3.94 278 £0.04 70.37+1.37
’ 6 1433+2.08 695.00+21.21 1,165.00+ 529 2.55+0.01 84.48 = 5.64
10 4 11.50£0.79  714.28 £36.90 1,154.50+ 7.30 2.76 £ 0.06 59.05+3.89
Diaphragm ’ 6 1600000 760.00+ 0.00 1,171.25% 095 2.52+£0.02 100.32 £ 0.00
(1 stage) 20 4 800+282 715.00+21.21 1,021.25+ 133.53 4.66+1.83 36.43£3.03
) 6 8.00+0.00 730.00x 0.00 902.00 + 22.62 6.20+0.01 44.72+£0.00
30 4 800+0.00 680.00x 0.00 1,128.00+ 7.07 3.07+0.07 62.62 1 0.00
’ 6 10.00+£0.00 680.00t 0.00 1,159.50+ 0.70 2.74£0.04 84.51+7.79
40 4 6.00+£0.00 70500 7.07 1,036.00 + 14.14 4544030 53.01+0.50
) 6 6.00+0.00 70000+ 0.00 1,036.50 + 33.23 4341053 54.64 = 0.00
0510 4 2666+ 1.15 77333+ 577 1,168.33+ 1.15 2.79£0.01 84.5+1.56
’ ) 6 2666+ 1.15  746.66 +23.09 1,170.00+ 1.73 279+0.02 91.08+2.68
0810 4 30.00+£000 680.00x 0.00 1,180.00+ 1.41 2504001 16494+ 3.68
’ ' 6 30,00+ 0.00 680.00+ 0.00 1,178.00+ 0.00 243+ 0.00 162.80+ 0.00
LO—1.0 4 2133+ 1.15 746.66% 11.54 1,181.60+ 2.07 245+005 11048+ 640
Diaphragm ' ' 6 28.00+0.00 770.00+ 0.00 1,18550+ 0.57 2271002 174.37+43.74
(2 stage) 010 4 16.00+£0.00 730.00%+ 0.00 1,160.00+ 4.24 2.88+0.03 77.20 £ 0.00
) ) 6 18.00+0.00 730.00% 0.00 1,166.50+ 2.12 2.78+0.01 93.38+6.18
3010 4 20.00£0.00 70500+ 7.07 1,179.50+ 0.70 2391001 84.12+ 14.63
’ ' 6 30.00+£0.00 730.00x 0.00 1,182.00 + 00.00 2.25+0.00 142.69+ 0.00
4010 4 22.00£000 72500+ 7.07 1,176.00+ 0.00 243+0.02 162.28 + 11.20
’ ’ 6 22.00+0.00 710.00+ 0.00 1,174.50+ 0.70 234£0.00 146.77+ 0.00
Non- 4 1700+ 1.00 74600 547 78540+ 8.90 9.05+0.17 174.67+11.94
diaphragm 1.0
(1 stage) 6 17.66 £2.08  886.66 + 80.20 749.80 + 38.49 8.81+0.13 166.73 £ 31.92
Non- 4 1950+ 1.00 97500+ 5.77 813.50£50.73 8.78 £ 0.09 132.63+ 6.09
diaphragm 1.0—1.0
(2 stage) 6 31.00+£4.00 922.00+38.34 833.60 1 28.26 9.101+0.13 266.96 £ 55.06
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Table 2. Physicochemical properties of electrolyzed water manufactured from various electrolytic diaphragm conditions

Material and type of Ampere Water volume Physicochemical properties

electrolytic diaphragm (A) (mL/mim) ORP* (mV) pH HCIO (ppm)
- Type" 2620+ 3.19 72000+ 113.14 113700+ 592  239+007 90.21 +27.81
Type” 2040 + 1.67 808.00+ 15271  499.60 + 24.19 8.84+ 021 125.60  58.53
Prals Type 19.00 + 3.63 836.67+246.39  1,142.67+ 11.62 273+ 0.09 235.15 % 53.56
+ Type 2233+572  1,183.33+£30505  538.83+31.35 8.91+0.26 264.59 + 87.07
o Type 2500+ 4.82 900.00 £ 267.73  1,144.00+ 5.33 224+0.18 190.60 + 84.55
2 Type 16.86 % 3.39 862.86+£296.52  567.57+27.82 9.50 + 0.30 16477+ 90.78

"Diaphragm type.
?Non-diaphragm type.
¥Oxidation-reduction potential.

Table 3. Changes in number of microorganisms and physicochemical properties of electrolyzed water manufactured from various

electrolytes
Surviving bacterial population . . .
(log CFU/mL) after exposure for Physicochemical properties
Treatments Sample
05min  Imin  2min  Smin  Omin  pH ORP(mv) 1CIO
(ppm)
. Salmonella typhimurium 7.24 724 7125 7.24 7.24
[}]
0.85% saline™ 7y o proteolyticus 561 5.59 553 561 557 709 S01 0
Salmonella typhimurium nd” nd nd nd nd
)
A Vibrio proteolyticus nd nd nd nd nd 451 1,163 128.37
Salmonella typhimurium nd nd nd nd nd
4)
B Vibrio proteolyticus 1.20 nd nd nd nd 495 LI53 12269
Salmonella typhimurium nd nd nd nd nd
S)
C Vibrio proteolyticus nd nd nd nd nd 467 LI51 12021
DSterile physiological salt water.
P<10' CFU/mL.
YElectrolyzed oxidizing water produced with NaCl.
“Electrolyzed oxidizing water produced with KCL
YElectrolyzed oxidizing water produced with CaCl,.
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Fig. 2. Physicochemical properties of electrolyzed oxidizing
water.
@®: Ampere, : ORP, [J: pH, A; HCIO content.
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Table 4. Changes in number of microorganisms by electrolyzed water manufactured from non-diaphragm and diaphragm type

Exposure time (min)

Sample Treatment

0 0.5 1 2 5 10 20

A? 6.2 x 10° 6.1 x 10° 6.3 x 10° 6.2 x 10° 6.3 x 10° 6.1 x 10° 6.3x 10°
Botrytis cinerea BY 6.0 x 10° nd" nd nd nd nd nd
cY 20x10° nd nd nd . nd nd nd

A 4.8x 10° 48x10° 45x%x10° 44 % 10° 4.6x 10° 4.5x 10° 4.7 % 10°
Glomerella cingulata B 8.0x 10¢ nd nd nd nd nd nd
C 20x 10° nd nd nd nd nd nd

A 8.2x 10° 8.0x 107 8.1x 10° 8.2x 10° 83x 10° 8.5x10° 8.4 x 10°
Bacillus cereus B 8.7x 10° nd nd nd nd nd nd
C 7.2% 10° nd nd nd nd nd nd

A 1.4 x 10° L.1x10° 1.3x 10° 1.5x 10° 1.4 x 10¢ 1.7 x 10° 1.5% 10°
Salmonella typhimurium B 1.1x 10° nd nd nd nd nd nd
C 1.7 x 10° nd nd nd nd nd nd

A 35%x 10° 3.0x 10° 3.0x10° 32x10° 34x10° 35x10° 35x10°
Clostridium perfringens B 50x10° nd nd nd nd nd nd
C 2.0x 10° nd nd nd nd nd nd

A 33x10° 31 x 10 32x10° 34x10° 33x10° 35x10° 3.6x 10°
Vibrio proteolyticus B 3.0x 10° nd nd nd nd nd nd
C 3.0x 10° nd nd nd nd nd nd

A 52x10°  5.0x10°  53x10°  53x10°  55x10°  54x10°  56x10°
Clostridium butyricum B 5.5x% 10° nd nd nd nd nd nd
C 44x10° nd nd nd nd nd nd

A 7.6 x 10° 7.6 x 10° 7.8 x 10° 7.5 % 10° 7.3 x 10° 7.7 x 10° 7.9 x 10°
Esherichia coli B 7.1x 10° nd nd nd nd nd nd
C 8.4 % 10° nd nd nd nd nd nd

A 56x% 10° 50x 10° 5.3x10° 5.1x 10° 5.6x 10° 55x 10° 5.8 x 10°
Lactobacillus plantarum B 9.6 x 10° nd nd nd nd nd nd
C 34x10° nd nd nd nd nd nd

A 9.1x 10° 94x 10° 9.2 x 10° 9.5 x 10¢ 9.6 x 10° 9.8 x 108 9.5x 10°
Pseudomonas fluorescens B 9.1 x 10° nd nd nd nd nd nd
C 12x 107 nd nd nd nd nd nd

A 42x10° 40x 10° 4.1x 10° 42x10° 45x10° 43x10° 47 x 10°
Staphylococcus aureus B 52x% 10° nd nd nd nd nd nd
C 4.1x 10° nd nd nd nd nd nd

A 18x10°  17x10°  18x10°  21x10°  19x10° 20x10°  21x10°
Aspergillus niger B 22x10° nd nd nd nd nd nd
C 1.3x 10° nd nd nd nd nd nd

"<10' CFU/mL.

YSterile physiological salt water.
YElectrolyzed water produced by non-diaphragm type.
“Electrolyzed water produced by diaphragm type.

=8 AZZHQ) Staphylococcus aureusSt F-Hlgd oz ALl
Pseudomonas fluorescens, Lactobacillus plantarum, ZL2]3 ThE
ol ZHo|Ql Aspergillus nigerS thAFo 2 Aut 9 FFub v
202 AZF A7|RIATE At AlgdelM el A7)
glol o 73 AlE S Bal AR EAHE AESNITH

Table 494 B vle} o] Botrytis cinerea 5 12057} %
7] 10°-10° CFU/mLoIA 30% o] 2% AMdEE 2102 v
Ebste}.

3 olof e AAE 7|RE Bl F@el AF 5o w

2} A F3 A7VEs|FE AFEste] Salmonella typhimurium,
Escherichia coli, Pseudomonas fluorescens % Staphylococcus
aureusE Y2 AFAHAA 2 A7Eelol e 24
Aldg Bl AFEERE HESIT Table 5904 B npe} 24
o] Salmonella typhimuriums AP YA 3d5= 27] 10-
10° CFU/mMLOIA 30% Fof] 25 APEEE 202 depgon),
Salmonella typhimuriums IrO, AAA e Fut whalo] AAIR
o] 128 ool AFEES, Pr+Ird] RHolre= 7)ol
Ao ApHEFVL AE ZAoB YeRt Ro) 5AF o),
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Table 5. Changes in number of microorganisms by electrolyzed water manufactured from various electrolytic diaphragm conditions

Material and type Microoreanism Exposure time (min)

of electrolytic diaphragm ® 0 05 1 2 5 10 20
Salmonella typhimurium 1.31x 10* 4.47 x 10? nd" nd nd nd nd
PY Escherichia coli 123 x 10° nd nd nd nd nd nd
Diaphragm type Pseudomonas fluorescens 1.63x 10° nd nd nd nd nd nd
Staphylococcus aureus 7.63 % 108 nd nd nd nd nd nd

Salmonella typhimurium 513%x10° 553x10° 567x10° 6.03x10° 587x10° 547x10° 6.17x 10°
Py Escherichia coli 1.36 x 10° nd nd nd nd nd nd
Non-diaphragm type Pseudomonas fluorescens 1.24 x 10 nd nd nd nd nd nd
Staphylococcus aureus 533x 107 nd nd nd nd nd nd
Salmonella typhimurium 1.03 x 107 nd nd nd nd nd nd
Pt+1r/ Escherichia coli 1.32x 10° nd nd nd nd nd nd
Diaphragm type Pseudomonas fluorescens 2.67x 10 nd nd nd nd nd nd
Staphylococcus aureus 843 x 10 nd nd nd nd nd nd

Salmonella typhimurium 513x 10° 727x10° 6.70x 10° 580% 10° 527x10° 457x 10° 4.10x 10°
Pt+lr/ Escherichia coli 4,83 x 10/ nd nd nd nd nd nd
Non-diaphragm type Pseudomonas fluorescens 1.24 x 10° nd nd nd nd nd nd
Staphylococcus aureus 5.33x 107 nd nd nd nd nd nd
Salmonella typhimurium 2.63x10° 1.53x 10 9.00 % 10' nd nd nd nd
Di hl;ozl Escherichia coli 1.27 x 10° nd nd nd nd nd nd
laI()z Szg;ne)ty pe Pseudomonas fluorescens 6.87 x 10 nd nd nd nd nd nd
Staphylococcus aureus 1.09x 10° nd nd nd nd nd nd
Salmonella typhimurium 2.63x 108 253x 107 4.63x 107 247x 10 nd nd nd
IrO,/ Diaphragm type Escherichia coli 1.32x 10° 2.67 x 10' nd nd nd nd nd
(1 stage) Pseudomonas fluorescens 1.71 x 108 nd nd nd nd nd nd
Staphylococcus aureus 1.09% 10° nd nd nd nd nd nd

U<10' CFU/mL.

9, Aajdol] we M7l B4 vXle ¥ ZABE
7] 918t MsjB o2 NaCl, CaCl,, KCI& AH-31 Salmonella
typhi®t Vibrio proteolyticuss TN30.2 Algshllolse] 7| 2s|
ol thet 7l AMlEL B3 APdaE AEsich 2 A
Asjde] e M71EE5e] ORP ¥ HCIO 3 NaCl, KCl,
CaCl, =22 ¥4 Jebdoy Salmonella typhi= B 75
WellA] %7] 7.24 log CFU/mLoIA] 10% F74R) f4-2] WH3lE
HolA] e wiHe| RE A/Ess Heltdle Ha] &4
Agsis Aoz et a33 Vibrio proteolyticus®. Bd- &
4 HollM &71 561 log CFUMLAIM 108 F71x] o] ¥
38 Ho|x] gke WH¢] KCIE Hajdow 3 Mrislse
30% olF, 1 wrel ARG MM Ml FA] AbEst
T Ao Jepdth(Table 3). o|/de] Fajorel o] H7|Es)
TE AldEeM HERE AT vie B AMEEAE I
g & AAde B sl Ee] 2ol fEEE AAF AF
g 7RFAEle] o] &3 A WS J1UE & Ao AFEA
Hollre] o]go] it 3t ¢, & AP Hr|Rs)
5 Aldgdiolr Bxe] F7] glo] AHI Relmz 4
Aol 2Fo) nls #71Es| e APEERE #7e] ul$- FQio}
A& 7Rtk A= 4] A YoMe otk 2 &
&o] ZtaE AL= o F Aot HF 53] i, HAF
of EAlshs sirIdES 7t 10° CRU/gelE] He 7Rkt
o 2 g3 vl e F Aoz AzhEd

2 ¢

B Aolae ds) Aol ] B 43, Asjdel we A
718 gel Euld B4 vdEe] ¥udd E9E AES)
Aok Aut o] A RS AR A2 HExAL 73
°] 1.0mm, 20% NaCl #7}%°] 6 mL/min ¢ of A=g A7)
®ale] E4%)7F ORP 1,170mV 2, HCIO & 100 ppm
&, pH 25 FFELE 7P sl vebpgen, 19w
The 2¢te] A7)1@s] Walo] B4 FHA 58 & & )
ATt FAE o] MrEseE HFe]l 1.0mm, 20% NaCl
H7to] 4ml/min ¢ W Ze Wao) HH2AH 7 KA
A Vet Aot st e 132-266 ppm 7, pHE
9 e A Whde 3 geERle AL ¢ 5 AU
A=e] ZAA nE %8 H7H 4 10, 2 Pur A9
o] S 1,144-1,142mV FF, 2Jol@ A Fhek
190-235 ppm 5, pH 2.24-2.732.2 Pt A2 vl EAx7}
Oa 535 8 7 Jon Az 8% 7P S3sA Vel
o Aol A EAC wel Az WU|Esee ndE
Ao EI= Salmonella typhimuriume A& Uz 333E
Z7] 10-10° CFU/mLoA 302 Foll 2% APEEE Aoz
ElEot, Salmonella typhimuriumy= IO, XA A& 128 o]
el b=l Hajdo® NaCl 2 CaCl, KCIE AR5}
Az M7]E8] ORP ¥ HCIO 332 NaCl, KCl, CaCl,
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