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The Chemical Properties of Slightly Acidic Electrolyzed Water
Prepared with Hydrochloric Acid as a Raw Material

Kiyoshi SUZUKI, Teiichi NAKAMURA,
Sadayuki KOKUBO, and Mamoru TOMITA

Kinousui Project, Food Research & Development Laboratory,
1-83, 5-Chome Higashihara , Zama-city, Kanogawa-pref., 228-8583, Japan

The amount of dissolved oxygen in slightly acidic electrolyzed water (SIAEW) was not influ-
enced by the available chlorine concentration. H.0:, O, ClO:", ClO,", and ClO,~ of SIAEW
were below their respective detection limits, Hydroxyl radicals of the SIAEW prepared with tap
water (pH6) were detected by the 5, 5-dimethyl-1-pyrroline-N-oxide (DMPO) trapping method
in a dark environment. However, the hydroxyl radical was not undetected in SIAEW prepared
with RO-water. A clear increase and/or decrease of chemicals was not observed in the chemical
analysis of SIAEW, except that there was a greater amount of HOCI and a small increase of
the chlorine ions as compared with tap water. (Accepted 21 September 2004)
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Fig.1. Dissolved oxygen of SIAEW, StAEW, SHW, and

quasi-SIAEW.
74— SIAEW, —@— :StAEW
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Available Chlorine concentration did not affect the dis-
solved oxygen concentration in the slightly acidic clec-
trolyzed water (SIAEW) and sodium hypochlorite water
(SHW). However, dissolved oxygen increased with the
rise of available chlorine concentration in the strongly
acidic electrolyzed water (StAEW). In the quasi-
slightly acidic electrolyzed water (quasi-SIAEW), dis-
solved oxygen increased a little when available chlorine
increased, but soon became constant.

(These abbreviations apply in all figures and tables.)
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Fig.2. Qzone concentration of SIAEW, quasi-SIAEW
and StAEW.

[ :SIAEW, A @ quasi-SIAEW, O : StAEW

Ozone was not detected in the SIAEW and the quaSI-

SIAEW, but was detected in the StAEW.
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Fig.3. The effect ol available chlorine on OD by the
Titanium(IV) Chloride method.

—4&— : available chlorine 0 ppm  -+-+€2>- . available chiorine 10 ppm

—— : available chlorine 20 ppm ---£3- ! available chlorine 30 ppm

When available chlorine concentration increased, the

ratio of the OD value decreased, but the linear function

of each set of data remained unchanged.,
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Table 1. Regression function and correlation coeffi-
cient (R*) of fig.3.

av.Cl (ppm) Regression function R?
0 Y =0.0186X +0.0006 0.999
10 Y =0,017X+0.0009 0.998
20 Y =0.0159X —0.0007 0.998
30 Y =0.0145X —0.0019 0.995

Table 2, Hydrogen peroxide contents of SIAEW, QoI:AEW' and SHW were measured by the

Titanium (IV) Chloride methaod,

NO. sample pH av.Cl(ppm) ODys H,0,(ppm)
1 SIAEW 6.72 10.7 0.000 <0.2
2 SIAEW 6.72 13.3 0.000 <0.2
3 SIAEW 6.06 13.3 0.001 =02
4 SIAEW 6.24 25,25 0.002 0.2
5 SIAEW 588 30.85 0.002 . <02
6 StAEW 2,50 20.0 0.000 <0.2
7 StAEW 2.36 30.0 0.000 <0.2
8 SHW 6.42 6.85 0.000
9 SHW 6.24 13.1 0.000
10 SHW 6.15 20.5 0.001
11 SHW 6.08 26.4 0,001
12 SHW 6.00 33.15 0.002

The absorbance of samples NO.3,4,5 was considered the effect of hypochlorous acid, because the
absorbance of SHW was almost the same as that of SlAEW when available chlorine concentration

was the same.

Hydrogen peroxide was not detected in slightly acidic clectrolyzed water,
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Table 3. Increased dissolved oxygen of SIAEW and StAEW
when they were mixed with Sodium Hypochlorite and/or hydrogen peroxide.

sample volume (ml) av.Cl (ppm) H.0: (uh™ NaOCl (mD)™ 0. (mg/L)'"

RO Water 500 0 10 0 0

RO Water 500 0 0 0.9 Q)

RO Water 500 0 10 0.9 6.2
SIAEW 500 20 0 0.9 -0.2
SIAEW 500 35 0 0.9 —0.2
SIAEW 500 20 10 0.9 54
SIAEW 500 22 10 0 5.6
StAEW 500 40 10 0.9 >1.9
StAEW 500 40 0 0.9 -{Q).1

RO Water : water prepared by reverse osmasis method, H.OY : added H-0Q- (30% solution).

NaQCI™ : added NaQOCl (5.5% solution).

O: (mg/L)* : changed the dissolved oxygen in the sam
Only when H:0: and HOCI (and/or OCI™) were present 1

Increase of dissolved oxygen was not observed in SIA
under the detection limit (0.lmg/1.).

ple.

.-13_,

n the solution, did dissolved oxygen increase.
EW, so the concentration of hydrogen peroxide in SIAEW was
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Fig.4. OH radicals of SIAEW at pll 6.

sample : SIAEW (pH 6.04) made from tap water as a
raw material, av.Cl 30ppm.

DMPO : diluted 10 times with Milli Q water

Method ; Put 0.37ml] sample into a 1.5 ml Eppendorf
tube and add 0.03m! of diluted DMPO, then press down
the lid and mix well using a mixer.

The mixture was measured by ESR spectrometer at
each planned interval.

OH radicals were detected only 1 minute after being
mixed in pH 6 of SIAEW.

Unknown peaks increased within minutes after being
mixed.

Table 4, Chlorine oxide concentrations of SIAEW, StAEW, SHW, and CW.

qample IJH ﬂ.V.C] CIO:__ CIO: ClQ,~

) (ppm) (ppm) (ppm) (ppm)
SIAEW 6.0 10 el nd nd
SIAEW 6.0 30 nd nd nd
StAEW 6.0 10 nd 18.5 nd
StAEW 6.0 30 nd 37.4 0.96
SHW 6.0 10 nd nd nd
SHW 6.0 30 nd 0.9 nd
CwW 6.0 10 nd nd nd
CW 6.0 30 nd nd nd
detection limit 0.03 0.16 0.3

nd ; under the detection limit

ClO.", C10,7, ClO," were not detected in SIAEW,

- 14 -
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Fig.5. OH radicals of SIAEW at pH 3.

sample : SIAEW (pH 2.97) made from RO-water as a
raw material, av.Cl 30ppm.

DMPO & Method : as same as in SIAEW pH6

" OH radicals were not detected in pH 3 SIAEW mude

from RO-water.
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Fig.6. OH radicals of SHW at pH 10.

sample : SHW (pH 9.86) diluted with RO-water, av.Cl
30ppm.

DMPO & Method : as same as in SIAEW pHé

OH radicals decreased within minutes after being
mixed.

Unknown peaks increased within minutes after being
mixed. ’
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Table 5. Analytical results of the SIAEW prepared under standard conditions,

Chemicals method EPCW 1 EPCW 2 Tap water Detection limit
1 2 nd nd nd 0.001
2 Hg 2 nd nd nd 0.00005
3 Pb 2 nd nd nd 0.005
4 As 2 nd nd nd 0.001
5 O (VD 2 nd nd nd (1.00%
6 N (NO.NO,) 4 6.7 6.7 6.8 0.05
7 T 3 nd nd nd .08
8 cCl 5 nd nd nd 0.0002
9 CH.CICH.Cl 5 nd nd nd 0.0004
10 H.C:CClL 5 nd nd nd 0.002
11 H.CCl: 5 nd nd nd 0.002
12 ¢ig - CICH:CHCI 5 nd nd nd 0.004
13 C1.C:CCL. 5 nd nd nd 0.001
14 CHCLCCl. 5 nd nd nd 0.0006
15 Cl,CCH, 5 nd nd nd 0.03
16 C.H. 5 nd nd nd 0.001
17 CHCIL, 5 nd nd nd 0.006
18 CICHBr: 5 nd nd nd (.01
19  BrCHCl, 5 0.004 0.003 0.004 0.003
20 CHBr: 5 nd nd nd 0.009
21 Total Trihalomethanes 5 10.024 0.012 0.020 0.01
22  CICH.CH:CHCI 5 © o 0.00092 0.00135 0.00058 0.0002
28 Zn 1 nd nd 0.02 0.005
24 Pe 1 nd nd 0.03 0.01
25 Cu 1 nd nd nd 0.005
2% Na 1 8.61 84 8.46 0.01
27T 7Zn 1 nd nd 00,02 0.005
28 6 62.7 71.5 17.0 04
29 Ca 1 26.0 26.1 26.1 0.01
30 Mg 1 9.01 9.21 9.26 0.01
31 Total-phenols 5 nd nd nd 0.004
32 Cl K} CCH: 5 nd nd nd 0.03
33  Potassium permanganate 6 0.9 0.9 1.0 0.1
consumption

34 pH 7 6.09 593 7.48 -
35  trans - CICH:CHCI 5 nd nd nd 0.004
36 CH.CHCICH.C! 5 nd nd nd 0.006
37 C.,H:CH. 5 nd nd nd 0.06
38 CiH.(CH.): 5 nd nd nd 0.04
39 para - C(H,ClL: 5 nd nd nd 0.003
40 14-dichlorobenzene 5 nd nd nd 0.3
41  available Chlorine (ppm) 6 10,5 20,0 0.3 -
2 T 1 nd . nd nd 0.007
43 Pt 1 nd nd nd 0.2
4 1 1 nd nd nd 0.007
4/ P 1 0.02 0.02 0.02 0.01
48 N (NH) 3 nd nd nd 0.0
1 K 1 0.87 0.92 0.88 0.02
48 80, 3 10.7 11.0 10.3 0.25

unit : (mg/l), nd : under the detection limit, method 1: Inductively Coupled Plasma Spectroscopic Method , 2!
Flamless Atomic Absorption Spectrophotometric Method, 3: lon Chromatographic Method, 4: Colorimetric
Method, 5: Mass Spectrometric-Gas Chromatographic Method, 6: Titrimetric Method, 7: Glass Electrode Method
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