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Chlorous acid aqueous solution

CAS 13898-47-0
10
11 HCIOq
12
13
14 68.45
15
16 51 59 3 02 13
pH
HC102 2.3 6.9
6%
NaClO Cl102
HC10s
HCIOq
HClO¢
NaClO H SO
— HCIO Na SO |
HCIO H O
—-HCIO H O 01
NaClOz 1 2.3 3.2
GRAS
CIO2
ASC
Acidified Sodium HCI10:
Chlorite




solutions
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20
21
22
23
24
25
26
27
28
29
30
31

HC102 ClOq ClO2 33
12
HC102 H+* ClO2 HC102
09 pH2.3 6.9
PHI 2 3T 2.3~6.9 6.9kl
100
90 F /
z Y|
z 10F
o 60 T
£ 0T co, clo;
(%) 40
30 - pH
20 HCIO 2 <H™ - ClOZ
10 |
p : K
0 2 4 6 8 10 12 pH
19
1948 1950 1953
1959 2002
FDA ASC
GRAS Generally Recognized as
Safe Substances pH2.3 3.2
HCl1O¢
1 FDA ASC 1,200 ppm
pH2.3 3.0 HCIO2: 5 20%
1 02 13
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ClOq

HCI10.

ClOg2 HCIO,
ClO2
HC102
H ClO2 = HCIO.
ClOg¢
ClO: HCI1O:2
Cl0Og¢
09
HC102
ClO2 ClOq NaClOq
HC102
Cl ClO2 ClO2
NaClOsq Cl10.

HCI1O.

pH

33
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SD 4
35%
72
0.9%
85%  36C1
3
361
ClOq
Cl
SD 4
72
ClOs
361
39%
ClOg
36.7 48-72
105 mg/kg
23 10 6
WHO

36C102 10 mg/LL 0.13 mg/kg
2 72
35
ClOq
ClOg
24 14%
72 35% 5%
Cl 15%
13 30
ClOz ClOz ClOs3
ClOq
20% Cl  80% ClOq ClOs
35 44
ClOq Cl10s
1
36C1 ClOq 100 300 mg/L
ClO: Cl ClOg
36ClO2 72
25% 24
72 43%
95%
ClOs3 35
Cl 2
LDso
493 mg/kg
7
20 64 mg/kg
64 mg/kg 40-90
40% 20 mg/kg
10-30%
08 9
20 mg/L. 1.5 mg/kg 32%
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23 1023

ICR 5
50 80 mg/kg 50 ml/kg

pH 5.0 5.5

30
A/J G6PD C57L/J G6PD
11-23 0
1 10 100 ppm 30
100 ppm -6-
G6PD EPA
NOAEL 1.9 mg/kg /
31 14 13 30
30 90 180
C57L/J 55 60 0 4 20
100 ppm 0 3 15 75 ppm 30 90 180
31 14 13 30
30 90
CD 6 0 10 50 100 250
500 mg/,. 0 1 5 10 25 50 mgkg / 30 90
100 mg/L
30 50 100 mg/L
15 31% 90 50
100 mg/L 30 40% WHO NOAEL
3
10 WHO
2003 2005 23
13 EPA 2000 30
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1 mg/kg / 08 9

23 10
13
Crl: CD(SD)BR 15 0
10 25 80 mg/kg / 0 7.4 18.6 59.7mgkg
/ 13 80 mg/kg /
4
10 mg/kg / 25 mg/kg
/ 25 mg/kg
/
80 mg/kg /
3
80 mg/kg / 25 mgl/kg /
80 mg/kg / 25 mg/lg
/
80 mg/kg / 157 8
25 mg/kg / 2
WHO NOAEL 7.4 mg/kg
/ 13 8 13 30 23 10
1
SD 4 0 10 100 mg/L
1 20 / / 10 mg/LL
10 11 100 mg/L
2
EPA
13=
30 05
2
7 01 2 4
8 100 1,000 mg/L 2
8 mg/LL 0.7 mg/kg
/ 100

10
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1,000 mg/L 9.3 81 mg/kg /

EPA
13 30
10 12
30 60
5 7 rising dose
30 60 0 25 50 100
400 mg/L. 400 mg/l.  58.4 mg/kg /
13 30
23 10 11
WHO
90
10 0 25 50 100 200 mg/L
0 2 4 6 12mgkg / 0 2 5 8 15mgkg /
90 200 mg/L
100 mg/L
50 mg/L
25 mg/L
LOAEL 2 mg/kg /
EPA
13 30 23
10 34
7 0 056 1 5 10 100 mg/L
13 mg/kg / 2 100 mg/L

NOAEL 10 mg/L 1.3 mg/kg /

11
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WHO 1949
1949 study has serious limitations

23 10 12)

ADI
B6C3F1 50
mg/L 0 36 71 mgkg /
13 30 22 22
F344 50
0 18 32 mg/kg /
/ 85
13 30
23 10
2
10 12
500 1,000 mg/kg
500 2,000 mg/kg 104
4
AlJ FO 10

0 100 mg/LL 0 22 mg/kg /

12

EPA
13 30
0 250 500
85
23 10

0 300 600 mg/L
0 28 41 mg/kg

22 22

13 30

103
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56
14%

22 mg/kg /

30

Long-Evans

23 10 14

12

100 500mg/LL 0 0.1 1 10 50 mgkg  /

mg/kg / F1
7.9 28.6 mg/kg

39
LOAEL
31 13

0 1 10
66 76

13 30

40
T4
10 mg/kg
10

SD FO

0 35 70 300 mg/L

0 29 59 227 mgkg

13

FO F1

14
F2a

100 mg/L
WHO
NOAEL 1 mg/kg /
0.75 mg/kg / 7 15
23 10
0 1 10 100mg/LL. 0 0.1 1.0 10 mgkg
/ 56 10
14 21
100 mg/L 21
Ts 40
WHO NOAEL
/ 7.5 mg/kg /
7 15 13 30 23
EPA GLP
30
10
10
25 1
70 mg/L F2a
F1 F2b
FO 0 3.0 5.6 20.0mgkg /

0 3.8 7.5 286
/ 0 3.8

70 300
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mg/L

300 mg/L F1 F2
F1 11 F1
70 300 mg/L FO
F1 F2b 24
35 70 mg/L F1
NOAEL 70 mg/L
8 mg/kg / NOAEL 300 mg/L
WHO 70 mg/L F1
F2 FO F1
EPA 70 mg/L FO F1
NOAEL 35 mg/L
2.9 mg/kg / 4 11 18 13 30
23 10 19
SD 4-13 8 15
0 0.1 0.5 2% 0 70 440 610 mg/kg
/ 200 mg/kg
200 mg/kg
0.5 2%
0.1%
0.1%
LOAEL 610 mg/kg / 9 13
30
12 0 20 40 mg/L
0 3 6mgkg / 9 10
35 42 6 mg/kg
/ 36 39
40 WHO EPA
NOAEL 3 mg/kg /
4 WHO TDI

14
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16
0 200 600 1,200 mg/L 0 10 26 40 mg/kg
/ 7 19 600 mg/L
NOAEL 200 mg/L 10
mg/kg / 13 30 14 20
23 10
WHO
SD 6-8 2.5
0 1 10 100 mg/,. 0 0.1 1 10 mg/kg /
100 mg/L
WHO NOAEL 1 mg/kg /
37
16 23 10)
ADI
SD 6-9 0 1 10mg/L 0 0.1 1
mg/kg / 2.5
37 16 13 30
23 10
Long-Evans 14 mg/kg / 1
5 EPA RfD

15
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20 35 21
35

WHO LOAEL 14 mg/kg /

40 23
a. 30 90 16 9
LOAEL NOAEL 5
NOAEL ADI
G6PD
42 pgl/kg /
b. 66 76 7 15

11 18 27 21

Salmonella typhimurium TA92 TA94 TA98 TA100 TA1535

TA1537 0.3
mg/plate S9mix TA100
13 30 17 23 23 10
CHL
0.02 mg/L
13 30 17 23
ddyY 7.5-60 mg/kg
13
30 15 26 23
ddyY 6
37.5-300 mg/kg 13 30 15 26
Swiss CD-1 5 5 0 8 20

16
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40 mg/kg  / 13 30 27 21

Swiss CD-1
B6C3F1
13 30 27 21 23 10

S. typhimurium TA98 TA100 TA1535 TA1537

FEscherichia colir WP2uvrA

50 80 mg/kg 3.91
S9mix
V79
pH5.0 5.5 50 80 mg/kg
12.5%
50.0%
20.0% 4
4
08 9
A/J G6PD

17

pH 5.0 5.5

1,000 mL/
4

ICso

C57L/J G6PD
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11-23
10 100 ppm 30

WHO

pH 2.5
70 mg/kg

10

100 ppm G6PD
31 14
21 35 10
0.01 0.1 05 1.0 1.8 24mg/L 1L/
WHO NOAEL 2.4 mg/L
/
0.5 L/ 12
36 png/kg /
G6PD 3
60 kg 42 pglkg
8
28
mg/kg pH 5.5
pH 2.7 5.0
pH 2.7 5.0

18

rising dose

0.034 mg/kg
24 27 10
5 mg/L

NOAEL
24 27 10

5ppm 500 mL/
12

26

50 60

60 mg/kg
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16
(&)

17
18 7

17 18
25639¢

343.0 g 0.47
g 61.5¢g

1 mg/kg
50 kg

0.014 mg/kg /

HCI10.

JECFA
2007 68 JECFA
ClOs 0.01 mg/kg

EPA

8
161.2¢g
119.2 ¢ 82.6
HCI10O.
1 HCl1O2
779 ¢g
5 mg/kg HCIOq
HCI10: 0.008 mg/kg /
1
0.022 mg/kg
ASC ADI
0.03 mg/kg /
2

EPA

19
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NOAEL NOAEL
28 17
13 30 10 NOAEL 3 mg/kg / 100
RfD 0.03 mg/kg /
FDA
ASC EPA
FDA USDA
11
13 1 2
3
WHO
TDI
13 30
11 18 19 F1 F2
NOAEL 2.9 mg/kg /
NOAEL 100 10 TDI
30 pg/kg /
23 10
EU
EU ASC
peroxyacids
ASC
1
IARC

20
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1991 Group 3

29
ADI
0.029 mg/kg / 16 11
1166 3
19 1 25 94 4
TDI 29 pg/kg /
TDI 29 pg/kg /
19 11 28
5 6

21

18



No.

LDso CIO2 105 mg/kg
23
6
10
LDso CIOz 493 mg/kg
23
.
10
ClO2 64 mg/kg 40-90
20 64 mglkg 40% 20 mg/kg
08
10-30% 9
WHO 20mg/L 1.5 mg/kg
32% 23
10
5 50 mL/kg 4
pH5.0 55
50
80 mg/kg
30 *A/J 0 1 10 100 100 ppm 31
ppm G6PD 14
13
C57L/ NOAEL CIO2 1.9 mg/kg / 30
11-23
30 90 55 0 4 20 100 31
180 60 ppm CIO2 14
0 3 15 13
75 ppm 30
30 90 6 0 10 50 100 100 mg/L
250 500 mg/L 30
0 15 10150 100 mg/L 08
25 50 mg/kg 15 31% 9
/ 90 50 100 mg/L
30 40%
NOAEL CIO2 1 mg/kg / 23
*10

22




No.
13 0 10 25 80| 80 mg/kg / 13
15 mg/kg / 4 8
CIO2 10 mg/kg / 13
0 74 186 25 mg/kg / 30
59.7 mg/kg
/ 25 mg/kg /
23
*10
80 mg/kg
/
3
80 mg/kg / 25 mg/kg
/
80 mg/kg /
25 mg/lg /
80 mg/kg /
157 8
25 mg/kg / 2
NOAEL CIO2 7.4 mglkg /
1 0 10 100 mg/L| 10 mg/L 10 11 13
20 / 100 mg/L 30
/ 2
05
2 012 438 13
100 1,000 mg/L 8mg/L CIO2 0.7 mg/kg 30
/ 10
100 1,000 mg/L 12
9.3 81 mg/kg /
NOAEL CIO2 0.7 mg/kg /
30 60 13
rising 7 30
dose ClO2
0 25 50
100 400 23
mg/L 400 10
mg/L 58.4 11
mg/kg /

23



No.

90 0 25 50 100 | 200 mg/L 13
10 200 mg/L 100 mg/L 30
024 50
6 12mg/kg |mg/L
/ 25 mg/L 23
0 25 10
8 15 mg/kg 34
/ NOAEL CIO2 2 mg/kg /
2 7 0 0515 100 mg/L 13
10 100 mg/L 30
13 mg/kg /
23
NOAEL CIO2 10 mg/L(1.3 mg/kg 10
/ ) 12
85 0 250 500 13
50 mg/L CIO2 30
0 36 71
mg/kg /
22
22
23
10
85 0 300 600 13
50 mg/lL  ClO2
0
18 32 0 22
28 41 mglkg 22
/
23
10
2 7 012438 13
100 1,000 mg/L 30
10
12
103 500 1,000 4
104 mg/kg
500 2,000
mg/kg
10 ClO2 56% 39% 31
0 100mg/L O 14% 14
22 mglkg /
LOAEL CIO2 22 mglkg /
23
13
10
13

24




/ No.
66-76 12 0 1 10 100 7
500 mg/L O 15
01 1 10 50 13
mg/kg / 100 mg/L 30
NOAEL  NaClO2 1 mglkg /
ClOz 0.75 mg/kg / 23
10
0 1 10 100 7
56 mg/L 0 0.1 100 mg/L 15
1.0 10 mg/kg 21 40 13
10 / Ts 40 30
Ta
14
21 NOAEL  NaClO2 10 mg/kg / 23
10
ClO2 7.5 mg/kg /
0 35 70 300 11
10 30 FO mg/L 18
ClO2 70 300 mg/L 13
30
FO 0 30 300 mg/L
10 5.6 20.0 F1 F2
0 38 75 286 23
F1 0 29 10
59 227 F1 11 19
0 38 79 286 F1
mg/kg / 70 300 mg/L FO
F1
F2b 24
35 70 mg/L F1
NOAEL CIO2 2.9 mg/kg /
8 15 4 0 01 05 2%| 200 mg/kg 9
13 ClO2 13
0 70 440 0.5 2% 30
610 mg/kg 0.1%
/ 0.1%
200mg/kg
9 12 0 20 40mg/L| 6 mgkg / 36 39 28
10 ClO2 17
0 3 6 mglkg 40 13
35 42 / NOAEL CIOz 3mg/kg / 30
23
10

25




No.

7-19 16 0 200 600 |600mg/L 13
1,200 mg/L 14
CIO2
0 10 26
40 mg/kg /| NOAEL CIO: 10 mg/kg / 23
10
20
25 6 0 1 10 100, 100 mg/L 37
8 mg/L 0 0.1 16
1 10 mg/kg NOAEL 1 mg/kg /
/
23
10
25 6-9 0 1 10mg/L 37
0 01 1 16
ma/kg / 13
30
23
10
1 14 mg/kg /|35 21 35/ 40
20
23
LOAEL 14 mg/kg /
In vitro S. 0.3/S9mix TA100 13
typhimun mg/plate 30
(+ —|/um 17
Somix)  |TA92 23
TA9%4
TA98
TALSSS 23
TA1537 10
0.02 13
mg/L 30
CHL 17
23
7.5 60 mg/kg 13
30
15
26
23
375 300 13
mg/kg 30
15
26

26




/ No.
5 5 0 8 20 40 13
mg/kg / 30
27
21
10
8 20 40 SCE 30
mg/kg / 27
21
23
10
In vitro S. 391 1,000{S9mix 4
typhimun pH50 55 |mL/
wunr. 50
TA98 80 mg/kg
TA100
TA1535
TA1537
Escheric
hia Colr.
WP2uvr
A
4
pH5.0 55 12.5%
50 50.0%
80 mg/kg ICxo
V79 20.0%
4
30 *AlJ 0 1 10 100 100 ppm 31
ppm G6PD 14
C57L1
11-23
10 ClO2 24
rising 0.01 0.1 05 27
dose 1.0 18 24| NOAEL CIO2 0.034 mg/kg 10
mg/L 1L/ /
12 10 5mg/L 05L/ 24
27
10
NOAEL CIO2 0.036 mg/kg
/

27




No.

12

G6PD*

/

5 ppm 500
mL/ 60
kg

42 pg/kg

26
28

28

*G6PD: Glucose-6-phosphate dehydrogenase
A/ G6PD
C57L/J G6PD
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2 Cayce Worf C, Kere Kemp G. Acidified sodium chloride solutions in food
processing: A reviw. ( )

3 Cayce Worf C, Kere Kemp G.. Acidified sodium chlorite(ASC)-Chemistry
and mode of action. Alcide Corporation. ( )

4 A4XLAR Germicidal Test Dip MSDS.

5 Horvath AK. et al. Kinetics and mechanism of the decomposition of
chlorous acid. J. Phys. Chem. A. (2003)107: 6966-6973.

6 Buser W, Hanish H. Spectrophotometric study of acidic chlorite solution.
Halvetica Chimica Acta. (1952)35: 2457-2556.

7 12 :

8 Yonkos LT, Fisher DJ, Wright DA, Kane AS. Pathology of fathead
minnows (Pimephales Promelas) exposed to chlorine dioxide and
chlorite. Mar. Environ.

Res. (2000)50: 267-271.

9

10 International Programme on Chemical Safety (IPCS) Concise
International ChemicalAssessment Documents.

11 EPA EPA .4-1 39

U.S.Environmental Protein Agency.
1999 4

12 Toxicological Profile for chlorine dioxide and chloride.US Department of
Health and Human Services, Public Services.(2002)

13 U.S. EPA, Toxicological review of chlorine dioxide and chlorite, in
support of summary information on the integrated risk information
system (IRI1S), September 2000, EPA/635/R-00/007

1 FDA 21 CFR &173.325. (1998)

2 Abdel-Rahman M.S, Couri D, Bull RJ. Kinetics of CIO2, and effects of
ClO2,ClO2 and CIOs in drinking water on blood glutathione and hemolysis in
rat and chicken. J. Environ. Path. & Toxicol. (1980) 3: 531-449.

3 Abdel-Rahman M.S, Couri D, Bull RJ. The kinetics of chlorite and chlorate in
the rat. J. Am. Coll. Toxicol .(1984) 3: 261-267.

4 Arrit FM, Eifert JD, Pierson MD, Sumner SS. Efficacy of antimicrobials
against Campyrobacter jejuni on chicken breast skin. J. Appl. Poult.
Res .(2002)11: 8358-366.
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5 Bercz JP, Jones L, Garner L, Murray D, Ludwig A, Boston J. Subchronic
toxicity of chlorine dioxide and related compounds in drinking water in
nonhuman primate. Environ. HIt. Perspect .(1982)46: 47-55.

6 Buser W, Hanisch H. Spektophotometrische Untersuchung saurer
Chloritlosungen. Helv. Chim. Acta. (1952) 35: 2547-2556.

7 Carlton BD, Habash DL, Basaran AH, George EL, Smith MK. Sodium chlorite
administration in Long-Evans rats: reproductive and endocrine effects.
Environ. Res. (1987) 42: 238-245.

8 Carlton BD, Basaran AH, Mezza LE, George EL, Smith MK. Reproductive
effects in Long-Evans rats exposed to chlorine dioxide. Environ. Res. (1991)
56: 170-177.

9 Couri D, Miller CH, Bull RJ, Delphia JM, Ammer EM. Assessment of maternal
toxicity, embrotoxicity and teratogenic potential of sodium chlorite in
Sprague-Dawley rats. Environ. Hlt. Perspect. (1982) 46: 25-29.

10 Rapson, WH. The mechanism of formation of chlorine dioxide from sodium
chlorate. (1956)39: 554-556.

11 Gill MW, Swanson MS, Murphy SR, Bailey GP. Two-generation reproduction
and developmental neurotoxicity study with sodium chlorite in the rat. J. Appl.
Toxicol. (2000) 20: 291-303.

12 Haag HB. The effect on rats of chronic administration of sodium chlorite and
chlorine dioxide in the drinking water. Report to the Matthieson Alkali Works
from the MedicalCollege of of Virginia. (1949)

13 Harrington RM, Romano RR, Gates D, Ridgway P. Subchronic toxicity of
sodium chlorite in the rat. 3. Am. Coll. Toxicol. (1995)14: 21-33.

14 Harrington RM, Romano RR, Irvine L. Developmental toxicity of sodium
chlorite in the rabbit. 3. Am. Coll. Toxicol. (1996) 14: 108-118.

15 Hayashi M, Kishi M, Sofuni T, Ishidate M. Micronucleus test in mice on 39
food additives and eight miscellaneous chemicals. Food. Chem. Toxicol.
(1988) 26: 487-500.

16 Heffernan WP, Guion C, Bull RJ. Oxidative damage to the erythrocyte
induced by sodium chlorite in vitro. J. Environ. Pathol. & Toxicol. (1979) 2:
1501-1510.

17 Ishidate M, Sofuni T, Yoshikawa K, Hayashi M, Nohmi T, Sawada M,
Matsuoka A. Primary mutagenecity screening of food additives currently used
in Japan. Food. Chem. Toxicol. (1984) 22: 623-636.

18 Horton, H.M. Calabrese EJ. The effects of sodium chlorite on human
erythrocytes with low superoxide dismutase activity. J. Environ. Sci. & Health.
(1986) A21: 513-522.

30



© 0o N o WD P

W W W W W W W wwNDNDNDNMNDNMNDNMDMNMNMNNMNMNMNMNMNMNMNMNRPRERPRPRPEPRPEPRPERPRPEPPRPE
00O NO Ol A W NP O OOOWwuNOLD O PR WDNPEPOOOOLOSNOO O PMWNDNDLPREDO

19 Horvath AK, Nagypal I, Peintler G, Epstein IR, Kustin K. Kinetics and
mechanism of the decomposition of chlorous acid. J. Phys. Chem. A. (2003)
107: 6966-6973.

20 Junli H, i W, Baixiang L. Study on ordinary toxicity of chlorine dioxide and
by-products chlorite and chlorate in water. ”Chemical Industry
stanadrd, measurement and quality” 3rd Edition page 33-37.

"China water & waste water" 8th edition. (2001)

21 Karrow NA, Guo TL, McCay JA, Johnson GW, Brown RD, Musgrove DL. et al.
Evaluation of the immunomodulatory effects of the disinfection by-product,
sodium chlorite, in female B6C3F1 mice: a drinking water study. Drug Chem.
Toxicol. (2001)24: 239-258.

22 Kemp GK, Aldrich ML, Waldroup AL. Acidified sodium chloride antimicrobial
treatment of broiler carcasses. J. Food. Protect. (2000)63: 1087-1092.

23 Kurokawa Y, Takamura N, Matsushima Y, Imazawa T, Hayashi Y. Studies on
the promoting and complete carcinogenic activities of some oxidizing
chemicals in skin carcinogenesis. Cancer Lett. (1984) 24: 299-304.

24 Lubbers JR, Chauhan S, Bianchine JR. Controlled clinical evaluation of
chlorine dioxide, chlorite, and chlorate in man. Fund. Appl. Toxicol . (1981) 1:
334-338.

25 Lubbers JR, Chauhan S, Miller JK, Bianchine JR. Effects of acute rising dose
administration of chlorine dioxide, chlorate and chlorite to normal healthy
adult volunteers. J. Environ. Pathol. Toxicol. & Oncol. (1985) 5: 215-228.
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