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E.coli  B. subtilis
pH 7.51+0.16 65+5 uS/cm 26.50
+1.67 mg/L as CaCO3 3 pH
8.05+0.27 8.94+0.16  9.63+0.10

P 0.05

E. coli pH 330 20
B. subtilis 2

NaCl pH 3



Abstract

Electrolytic water producing apparatus is a popular house
appliance in Taiwan. Safety and health of the generated water become
an important current issue. An electrolytic water producing apparatus
comprises an anode, a cathode, an electrolyzer which includes an anode
chamber and a cathode chamber, inlet lines for supplying influent water
to the above-mentioned chambers, and outlet lines for discharging
effluent water from the chambers. Thus, an acidic electrolytic water is
produced from the anode chamber and an akaline electrolytic water
from the cathode chamber.

The purposes of this study are to research electrolytic water quality
and antimicrobial effects of acidic electrolytic water. Different kinds of
raw water were generated before filtered and electrolyzed by the
electrolytic water producing apparatus, and then the electrolytic water
quality included pH value conductivity hardness calcium
magnesium chlorine residuals and total bacterial counts were analyzed.
E. coli and B. subtilis were culture to detect the antimicrobial effects of
eectrolytic water.

The tap water which pH value conductivity and hardness were
7.51£0.16 6515 uS/cm and 26.50 +1.67 mg/L as CaCOg, respectively,
the pH value of three levels cathode electrolytic water were
8.05+0.27 8.94+0.16 and 9.63+0.10. The conductivity hardness
calcium and magnesium of the cathode water were higher than those of

raw water and the chlorine residuals and total bacterial counts were
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non-detectable. However, the apparatus can produce germ-free water
when passing through by filter only. Alkaline electrolytic water met
drinking water quality standard with no bacteria and odor-free except
for the high pH value.

This study showed that electrolytic water quality depended on
electrolysis strength, and pH value conductivity and hardness of raw
water. Calcium lactate as an additive in the dectrolytic water producing
apparatus couldn’ t increase the hardness and calcium level in the
akaline electrolyticwater P 0.05

E. coli was not detected after 20 seconds exposure to pH 3.30
acidic electrolytic water, and B. subtilis either after the exposure of less
than 2 minutes. Even though the pH level of acidic electrolytic water
produced by household electrolytic water producing apparatus did not
reach as low as three, alevel of the electrolytic water of a NaCl-water

mixture, it also presented good antimicrobial effects.

Key words. electrolytic water acidic electrolytic water akaline

electrolytic water hardness antimicrobial
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pH 10
acidic electrolytic water AEW 11
pH 242 20 20
99.9 30
100 12
0.05 NaCl AEW
1000mV pH 2.7
15 4 AEW 5
7 B
0.05%
NaCl (ORP)
1053mV pH 2.34 4.20 ppm 20
33
Hitomi S. NaCl
pH 6.7-6.9 20-22 ppm
Staphylococcus aureus Escherichia coli
60 ppm
pH
11 0.2% benzalkonium
chloride  80% ethanol
11 AEW

Ilwasawa A. Nakamura Y.
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pH 3

Staphylococcus aureus  Pseudomononas aeruginosa  Staphylococcus

epidermidis pH 5.0-6.0 50mg/L
6 pH 2.67-
2.80 5mg/L 6 80%
pH 2.7
34
4

35
O,+e - O, superoxide
O, +€+2H" - H0, hydrogen peroxide
H,0,+e+H - H,0+OH hydroxyl radical
OH +e+H - HO water
Overall O,+4e +4H" - 2H,0

electrosynthesis O3 ClIO, H),O, 36
Cl, ClO, O3 OH O H.O, O
20
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1. HCl GR E. Merck

2. CaCl, 2H,0 GR E. Merck
3. NaClO
4, plate count agar PCA Difco
5. glucose Difco
6. A% tryptose Difco
7. yeast extract Difco
8. tryptic soy broth TSB
Difco
9. pH Meter pH=4.01 pH=7.00
E. Merck
10. KCl GR E. Merck
11. NH,.CI GR E. Merck

12. NH; GR E. Merck
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13. EDTA CioH1aN2Na, 2H, O GR

Merck
14. MgSO, 7H,O GR E. Merck
15. Eriochrome black T E. Merck
16. triethanolamine C,Hs 3N GR

E. Merck
17. CaCO; GR E. Merck
18. Ci5H15N30, E. Merck
19. NaOH GR E. Merck
21. KH,PO, GR E. Merck
22. HgCl, E. Merck
23. DPD anhydrous

N,N-Diethy1-p-phenylenediamine sulfate
CloH13N204S GR E. Merck

24. KMnO; GR E. Merck

25. MgCl, 6H, O GR E. Merck
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26.

27.

28.

29.

30.

31

32.

E. Merck
E. Merck
phenol E. Merck
HNO; E. Merck
EMB agar Difco
3.38g/ 88.75
plate count agar PCA
369 PCA
15 50
4
plate count broth PCB
glucose 1.0g

PCA

yeast extract 2.5¢g

35

16

5mL

24

121

A% tryptose 5.0g

121
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E. coli ATCC 25922

E. coli
TSA+blood 37
24 4
Bacillus subtilis ATCC 8037
B. subtilis
TSA+blood 37
24 4
tryptic soy broth TSB
30g TSB
5mL 121 15
4
50 mL 10N
pH 7.2+0.5
100 mL

8.1g MgCl, 6H,0

17



100 mL

3 10 mL 2.5 mL
2000 mL
121 15
8. 0.0IN
0.7456g9
1000mL
0.
1.1799 EDTA
16.99 143mL
250mL
10. EBT

0.5g Eriochromeblack T 100g

triethanolamine
11. 0.01M EDTA

3.723g EDTA

1000mL

18



12. 1.00mg/mL

1.000g
500mL
200mL
13.
249
KH,PO,
EDTA 100mL
20mg
14. DPD
1.1g DPD
sulfate 8mL 1+3
15. 891mg/L
891mg

16. EMB agar

19

3M

1mL 1.00mg

NaHPO, 469
800mg

anhydrous DPD

200mg EDTA



369 EMB agar

121 15 50
4
1
—1
2 3 2
3
5
3B +1 37
121 15 1b/in® 1
kg/cm® 15
160 2 170 1
4

Precisa 40SM-200A

20



8. pH Hanna 8520

9. Schott BL-17-S

10. Corning PC-35

11. Hanna 0579

10-1990uS/cm

12. 0.1

13. Hitachi U-2000 double-beam
sepctrophotometer

14. Hitachi Z-5000

Polarized Zeeman Atomic Absorption Spectrophotometer

1. loop

2. 100mL

3. 90x15mm

4, 25mL

5. 250mL  500mL
6. 25mL 50mL  250mL

1. pipette 0.1mL ImL 5mL  10mL
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10.

11.

pH

(micropipette)

100mL

IN

HCI

22

4mm

20

pH

PP
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a. CaC|2 2H,0

75 100 mg/L as CaCOs;

b. CaCl, 2H0 106

NaClO 0.270 1.626
2.317 2.616 mg/L

4
a
PCA 5mL PCB
35 24
10°CFU/mL 2mL 20
b. E. coli
(@ TSB+blood 5mL
TSB 37 24

(b) 10°CFU/mL 2mL 20
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1
1.pH
NIEAW424.50A
1 pH
pH 401
2
pH
2.
NIEAWZ203.50A
1
2

37

38

—EDTA
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100mL

NIEAW20850A 39
1 25mL
EDTA
2 1mL
5
3 1 EBT
4 EDTA
3 5
DPD NIEAWA408.50A
1
a 10.0mL 891mg/L
100mL
b.  250mL
5mL DPD

26

50mL 50mL

5mL

pH  10.0:0.1

1.0 20 3.0 6.0mL
200mL
0446  2.67mg/L
0.5 3mg/L

5mL



515nm

mg/L
5mL 5mL DPD
250mL 100mL
515nm
NIEAE203.52B 41
ImL 0.2mL PCA
35+1 24+3
300 TNTC too
numerous to count
42
pH

1.5mL 4
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422.7nm  285.2nm
(it width) 1.3nm

pH
11 01 2 3 4
15 pH
3 6 4
15 pH
1. 1 PCA
5mL PCB 35
24
2 1 loop PCB 100mL
3. 1 100 1000 10000 0.2mL
PCA 35

24

4. 3. 1000 ImL 9mL
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1 0.05 phenol 43

2 3

3 3

4

5 ( positive control )

5 3 6 10 15 20 30 60
PCA
24
TNTC

control

E. coli

1 1 TSA+blood

SmL TSB 37

2. 1mL E. coli 99mL

3. 99mL

29

300

0.2mL

35

24

ImL

negative

E. coli



3 +HCl pH 3.30
4 +NaOH pH
5 ( positive control )
4. 10 3 0.2mL EMB agar
37 24
300
TNTC
2 negative control
B. subtilis
1. 1 TSA+blood
subtilis  5mL TSB 37
2. 1mL B. subtilis 99mL
3. 99mL ImL
1 3
2 3

3 + HCl pH 3.30

30



4 + NaOH pH

5 ( positive control )
4. 15 1 0.2mL 5mL
TSB 37 48

negative control

microsoft excel 2000 t-test

31



pH 7.51+0.16
+1.67 mg/L as CaCOs;

3 pH
9.63+0.10
70£3 753 uS/cm

1.89

4.42 10.08

24.29

pH 7.51+0.04
mg/L 1 3
8.78+0.11  9.52+0.04

1.94

305 CFU/mL

pH

32

65+5 uS/cm 26.50
1

8.05+0.27 8.94+0.16

6516
5.71 13.44
0.41 1.53 3.60
155+5 uS/cm 77.50+£6
pH 8.00+0.23

160+0 165+5 165+5uS/cm

4.52 8.39



6.74+0.27 5.46+0.47 3.39+0.02

606 58+6 167+13 uS/cm 23.17+1.67 20.50+0.67
14.50+1.50 mg/L
1 3
3 1

3 pH 7.21+0.07 6.79+0.07 3.94+0.21
155+5 145+5  150+10 uS/cm 72.50+4.00
67.50+4.00  63.50+12.00 mg/L

pH
2
3 pH
2
pH 5.92+0.23 18.67+2.39 mg/L
0.226 mg/L 3 pH 6.92+0.05
72.00£1.00 mg/L 2
pH

33



P<0.05

P>0.05

3.17mg/L
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7 1 3

0O 400 755 16.00 8.00 24.00

121 6.35 530 1344 11.50 27.53

0.22 4.47 1.53 5.67 3.60 10.91

pH
3
5
3
4
pH
pH
8

15 pH

pH 424 1 3 pH
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pH 7.31 pH 4.4 1

pH 6.20 2 pH 710 3
pH 9.24 pH 731 3 pH 945
1 2 pH 424 731
1 3 386 661 343 586 311 344
pH pH 4.24

pH 548 554
pH pH 7.31
pH 715 7.32

pH 328 6.33 pH 10.26
8 pH
pH pH
9
10
14.00 MU
10 uS/cm
10
pH
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CaC|2 2H-0
3

26.50+1.67 76.00+0.00 98.67+1.78

mg/L 1

1.98 3.51 2.03 2 4.42
964 743 3 10.08 16.67 13.51

2 3 11
11
76.00mg/L 3 16.67
2.616mg/L Cl
1 3
Cl, HCIO ClO
12 1 3
1 0.689mg/L 2

0.236 0.707mg/L 3 0.792  1.430mg/L 12

0.013mg/L
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0.226

2.556mg/L
0.440mg/L DPD
DPD
12
10 1 3
5.5x10°CFU/mL
13
0.05 phenol 43
14 7.5% 10° CFU/mL
pH 3.30 5

0.05 phenol 60

38



120 5

pH 9.90
0.05 phenol
15 16 pH 3.30 20
E. coli 2.1x 10° CFU/mL
B. subtilis 2 pH
E. coli 3
B. subtilis
NaOH
pH pH 3.30
E. coli 30 B. subtilis 20
pH
pH 9.50
20 E. coli 6 30

B. subtilis

E. coli B. subtilis

180 60
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NaCl HCI CI Cl,
20

pH

40



pH

41

10

9.51



C a2+

pH

NaCl Cca&

Mg

42



43

44

DPD

Poelman



180mg/L

150mg/L 1
144mg/L 3
Gram-negative Gram-positive
Salmonella schottmulleeri Shigella
dysenteriae 45
pH 3.30 20
E. coli B. subtilis 2
pH
3 E. coli B.subtilis
pH NaOH pH

pH 330

a4



E. coli 30 B. subtilis 20

pH

NaCl
HCIO CIO Cl,
ClO,

46 ClO;

ClO; 47

45



10

180mg/L as CaCO;

3.30 20 E. coli

pH NaCl

46

pH

pH

B. subtilis
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2

pH (uScm) (mg/L asCaC0O;) (mglL) (P°CFU/mML) (mglL) (mgL)
a 7.51 65 26.50 ‘ND ‘ND 796 221
+0.16 +5 +1.67
1 8.05 65 27.00 ND ND 841 222
+0.27 +6 +1.67
2 8.94 70 27.67 ND ND 903 223
+0.16 +3 +1.67
3 9.63 75 29.17 ND ND 965 229
+0.10 +3 +1.56
71.23 68 25.67 ND ND 790 222
+0.24 +3 +1.67
592 62 18.67 0.23 ND 538 193
+0.23 +4 +2.39
1 6.74 60 23.17 0.07 ND 706 210
+0.27 +6 +1.67
2 5.46 58 20.50 0.46 ND 533 190
+0.47 +6 +0.67
3 3.39 167 14.50 0.83 ND 244 1.33
+0.02 +13 +1.50
7.33 68 26.17 ND ND 827 220
+0.18 +3 +1.67
10.38 128 39.33 ND ND 1292 242
+0.14 19 +2.33
6 6 6 1 6 1 1
PCFU  colony-forming unit
‘ND non-detectable < 0.001mg/L < 1CFU/ 0.2mL
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3

PH  (usicm) (mo/L asCacOs) (ma/L) (PCFU/mL)

7.51 155 77.50 ‘ND 305
+0.04 5 +6.00

1 8.00 160 79.00 ND °‘ND
+0.23 +0 +6.00

2 8.78 165 81.00 ND ND
+0.11 5 +11.00

3 9.52 165 84.00 ND ND
+0.04 5 +5.00

1.46 155 78.00 ND ND
+0.21 +15 +5.00

6.92 145 72.00 ND ND
+0.05 +15 +1.00

1 721 155 72.50 ND ND
+0.07 5 +4.00

2 6.79 145 67.50 ND ND
+0.07 +5 +4.00

3 394 150 63.50 ND ND
+0.21 +5 +12.00

71.55 150 83.50 ND ND
+0.10 +10 +10.00

10.71 205 96.00 ND ND
+0.03 5 +1.00

2 2 2 1 2

a

PCFU  colony-forming unit
°ND non-detectable < 0.001mg/L < 1CFU/ 0.2mL
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pH

b (uS/cm) (mg/L as CaCOs)
7.64 70 25.16

1 8.84 8.88 70 70 2516 30.00
2 9.26 9.36 70 70 2516 29.03
3 991 10.08 80 90 3000 29.03
7.15 7.55 70 70 2516 25.16
6.41 6.46 60 60 2129 21.29
1 7.20 7.33 70 70 2323 28.06
2 5.32 5.98 60 70 1839 28.06
3 3.30 3.35 190 190 1161 1645
7.35 7.62 70 90 2710 36.77
10.70 10.86 150 190 3581 5226
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5 3
. pH (uS/cm) (mg/L as CaCO»)
P

a 751 7.28 65+5 60+0 2650 %500 0.1805
+0.16 +0.11 +1.67 +0.00

1 805 7.92 65+6 6744 27.00 2567 0.0605
+0.27 +0.23 +1.67 044

2 894 8.96 703 70+0 27.67 2767 0.7489
+0.16 +0.05 +1.67 +1.11

3 9.63 9.60 75+3 874 2917 31.33 *0.0026
+0.10 +0.03 +1.56 +044

723 6.77 68+3 70+0 2567 2533 0.6579
+0.24 +0.10 +1.67 +0.89

592 514 6244 53+4 18.67 17.67 0.1593
+0.23 +0.46 239 +044

1 6.74 6.34 60x6 7749 2317 3200 *0.0203
+0.27 +0.08 +1.67 +5.33

2 546 5.05 58+6 80+7 2050 31.00 *0.0037
047 +0.11 +0.67 +4.00

3 339 333 167+#13 1700 1450 17.33 *0.0157
+0.02 +0.01 +1.50 +044

733 6.77 68+3 80+0 26.17 33.00 *<0.0001
+0.18 +0.10 +1.67 +1.33

10.38 10.03 12849 13744 39.33 47.00 *0.0026
+0.14 +0.05 +2.33 +2.67

6
t-test
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mg/L

3 + +CaCl, DI +CaCl,
2 796 221 %9 9.87 3701 207 5633 °ND
841 222 704 188 3749 217 5990 0.07
903 225 768 198 3897 215 5940 0.03
965 229 883 208 4103 221 6281 001
790 222 678 185 3738 208 5812 ND
538 193 452 139 3292 178 5295 ND
706 210 911 167 3534 207 5528 0.07
533 190 781 147 3434 165 5311 002
244 133 343 091 2926 162 4736 ND
827 220 1013 184 3743 208 6077 ND
1293 242 1361 220 4613 242 7346 0.03
b N 1
¢ 3

°®ND non-detectable

< 0.002mg/L

57



IND non-detectable

< 0.002mg/L

58

b Ca M
(ML as CaCOy (mglL) ()

2 25.00 7.96 221
25.00°(0.00) 8.41(5.71) 2.22(0.41)
27.00(8.00) 9.03(13.44)  2.24(1.53)
27.00(8.00) 9.65(21.29)  2.29(3.60)

+ 25.00 6.96 1.87
26.00(4.00) 7.04(1.21) 1.87(0.22)
29.00(16.00) 7.68(10.38)  1.98(5.67)

31.00(24.00) 8.88(27.53)  2.07(10.91)

+CaCl, 92.13 37.01 2.07
95.13(3.24) 37.49(1.29) 2.16(4.47)
99.63(8.11) 38.97(5.30) 2.14(3.59)
105.13(14.05) 41.03(10.85)  2.20(6.43)

DI +CaCl, 106.00 56.33 ‘ND

110.00(3.77) 59.91(6.35) ND

114.00(7.55) 59.40 (5.45) ND

120.00(13.21) 62.81(11.50) ND

b N 1



pH pH
pH
1 2.

4.24 7.31
1 6.20 7.90
2 7.10 8.82
3 9.24 9.45

5.48 7.15

3.28 6.33
1 3.86 6.61
2 343 5.86
3 311 3.44

554 7.32

10.26 10.26
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uS/cm

1 2. 3. 4, 5.

®ND 65 90 180 237

1 10 65 90 180 230
2 10 70 90 183 233
3 ND 75 0 217 257
ND 68 80 180 240

ND 62 260 290 330

1 10 60 130 177 220
2 10 58 190 203 260
3 10 167 350 400 497
ND 68 0 180 240
10 128 130 273 340

1 6 1 1 1

®ND non-detectable <10 uS/cm
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10

1. 2. 3. 4, S.

H
e PH som PP sam M som PH (sam)

620 °ND 705 ND 705 ND 750 ND 798 ND

948 30 918 10 918 10 847 ND 89 10
964 10 882 10 882 10 884 ND 777 ND
952 10 745 ND 916 ND 810 ND 843 10
638 10 636 ND 636 ND 683 ND 755 ND

604 ND 67/ ND 67/ ND 674 ND 7.08 ND

470 20 477 10 477 10 473 10 495 10
424 20 470 10 470 10 510 10 497 10
450 10 533 10 456 10 483 10 698 10
626 10 649 ND 649 ND 673 10 735 ND
979 10 947 10 947 10 951 10 960 10
a N 1
®ND  non-detectable <10 uS/cm
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11

mg/L as CaCO;
1. 2. 3.

26.50+1.67 76.00+0.00 98.67+1.78

1 27.00+1.67 78.67+0.89 100.67+2.22
°(+1.89) (+3.51) (+2.03)

2 27.67£1.67 83.33t£1.78 106.00+1.33
(+4.42) (+9.64) (+7.43)

3 29.17+1.56 88.67+0.89 112.00+£1.33
(+10.08) (+16.67) (+13.51)

25.67+£1.67 76.67+0.89 100.00+0.00
(-3.13) (+0.88) (+1.35)

18.67+2.39 59.33+2.22 84.67+0.89
(-29.55) (-21.93) (-14.19)

1 23.17+1.67 74.00+0.00 94.00+2.67
(-12.57) (-2.63) (-4.73)

2 20.50+0.67 68.00+1.33 90.67+2.22
(-22.64) (-10.53) (-8.11)

3 14.50+1.50 57.33+0.89 78.00£1.33
(-45.28) (-24.57) (-20.95)

26.17+1.67 75.33+0.89 100.00+0.00
(-1.25) (-0.88) (+1.35)

39.33+2.33 98.00+1.33 126.00+1.33
(+48.42) (+28.95) (+27.70)

6
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12

°ND non-detectable

< 0.001mg/L

63

mg/L
b 1. 2. 3, 4, 5. 6.

® °ND 016 027 163 232 262
1 ND ND ND ND ND ND
2 ND ND ND ND ND ND
3 ND ND ND ND ND ND
ND 0013 ND ND ND ND

023 153 027 216 211 256

1 007 ND ND ND 069 003

2 046 039 024 032 071 063

3 083 079 143 085 081 1.02
ND ND ND ND ND ND

ND 006 ND 027 044 038

b N 1



13
PCFU/mML

2 1. 2. 3. 4, 5. 6.

°ND %305 91.2x 10° 99.5x 10° 91.7x 10° €5.5x 10°

1 ND ND ND ND ND ND

2 ND ND ND ND ND ND

3 ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND

1 ND ND ND ND ND ND

2 ND ND ND ND ND ND

3 ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND

2 N 2

® crU colony-forming unit

‘ND non-detectable < 1CFU/ 0.2mL

d

°E. coli

64



14 g

4 °CFU/mL
0.05 e f
phenol
(pH3.30) (pH9.90) (pH7.82) (pPH7.06)
5 “TNTC °ND TNTC TNTC TNTC
10 TNTC ND 1643 TNTC TNTC
15 TNTC ND 1238 TNTC TNTC
20 TNTC ND 658 TNTC TNTC
30 TNTC ND 460 TNTC TNTC
40 180 ND 50 TNTC TNTC
60 5 ND 3 TNTC TNTC
90 ND ND ND TNTC TNTC
120 ND ND ND TNTC TNTC
2 7.5x 10°CFU/mL
®CFU  colony-forming units
“TNTC too numerous to count >300/0.2mL
‘ND  non-detectable < 1CFU/ 0.2mL
€ 3

f 3
g N 2
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15 E. coli g
2 °CFU/mL
° +HCI +NaOH
(PH3.30) (pH330) (pH7.16) (pH951)  (pH 7.02)
0.17 ‘TNTC
0.33 ‘ND
0.5 ND TNTC
1 ND TNTC TNTC
2 ND TNTC
3 TNTC TNTC
4 TNTC
5 TNTC TNTC TNTC TNTC
7 TNTC
10 TNTC TNTC 1418
15 TNTC TNTC 66
20 TNTC TNTC ND
25 TNTC ND
30 TNTC 590
40 ND
60 TNTC ND
90 TNTC
120 TNTC
180 TNTC TNTC
2 2.1x 10° CFU/mL
PCFU  colony-forming units
“TNTC too numerous to count > 300/ 0.2mL

IND non-detectable
€ 3

f 3

g N 2

< 1CFU/ 0.2mL
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16 B. subtilis
b +HC +NaOH  °©
(pH 3.30)  (pH 3.30) (pH7.16) (pH951) (pH 7.02
0.25 %

0.5 + +

1 €+/- + + +

2 . +

3 - + +

5 - +/- + +

10 - - + + +

15 +/-

20 - - - +/-

25 -

35

40 B}

50 ;

60 - - +
a N 5 2
b 3
¢ 3
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pH
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ACLIOV 60Hz 20A  200W
L/, AU
3
30
10,000L
(L5mg/L)
10NTU {5,000L
2NTU [20,000L
6

0.07-0.74Mpa 0.7-7.5

f/

2
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