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2011  4  19  

0419 7  
2011  4  21  379  
2012  3  16   
2012  4  24  105  
2012  9  26  110  
2012  10  25  111  
2012  11  26  455  
 

 
2012 6 30  

 
 

 
 
 
 
 

2012 7 1  
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2012 10 1  
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CAS 7778-80-5
 

 
 

 
 

 
 

13
3.0%

NOAEL 1.5% 650 mg/kg /
41.0 mg/

/
 

 
NOAEL

18
2,700 3,000 mg/ /

33.4 mg
2,200 mg 1.5%
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ADI
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Potassium sulfate 
CAS 7778-80-5  

 
 

K2SO4  
 

 
174.25  

 
 

K2SO4 99.0%
 

FAO/WHO JECFA (1)

99.0%
salt 

substitute, acidity regulator
EU  
FDA Codex Codex

99.0%
 

 

 
 

 
 

                                            
1  
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GRAS
adjuvants

GMP
(2) 0.015%

 
 
EU E515 (3)

GMP
carrier carrier solvent

 
 

 
 
 
 
 
 
 
 
 
 

                                            
2 21CFR 170.3 only special or spiced teas

 
3 
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    1957  

    1957  
    1957  

    1957  
    1957  

    1964  
    1983  

    1983  
    1957  
    1982  

 
2002 7
JECFA

EU

24 1 1
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WHO 1984

 
 
Markovich 2001

2
12

2

 
 

FASEB 1975
Dziewiatkowski 1949 [35S] 1 mg

(4)

35S
24 67 % 120 95%

85% 10%
35S 48

72
8 24 35S

 
 
FASEB 1975 Weisberger & 

Suhrland 1955 [35S]
3 1 10 8

                                            
4  
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1 10 1
2

6
10

 
 
Michels & Smith 1965

mg/ 100 g = 12.6 0 A 3 350 B C 0.006
600 D Wistar 4 7

10
35S A C B D

A 0.78 0.043 C 0.56 0.035
B 0.64 0.098 D 0.39 0.042

Michels & Smith

 
 
FASEB 1975 Hwang 1966

SD [35S] 0.35 2.00 g/kg
8 72

8 72
37.5 58.4% 47.8% 56.9 74.4% 64.6%

SD [35S]
1.40 2.80 g/kg 4 8

4 8
25.4 50.6% 36.6% 39.8 47.8% 42.9%

FASEB
 

 
Cocchetto & Levy 1981 25 36 5

18.1 g 8.0 g
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4 1 4 (5) 72

53.4 15.8% 61.8 7.8%

 
 
JECFA 2000 Morris & Levy 1983

26 35 30 45.5 97.7 kg 75.3 kg
6 2

4.5 g 1 4.5 g 2 9.0 g 4.0 g
1 3 2

mmol/1.73 m2 mM ml/min/1.73 
m2 4

1.55 0.46 2.36 0.87
0.410 0.043 0.513 0.055

31.7 10.1 38.4 12.7
 

 
Neiberger 1991 9

0.13% 0.13%
300 mg/kg 6 10

86 91% 300 mg/kg
55 70%

Neiberger

 
 

                                            
5 1  
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Mahan & Escott-Stump 2006
 

 
1973 Wistar

42K
15 cm 30

5.96 0.1 mEq/L
6.40 0.3 mEq/L 7.20 0.3 mEq/L

4.8 0.3 mEq/L

42K efflux; 
mEq/cm2 min

 
 

 
 

FASEB 1975
Boström & Åqvist 1952

Dohlman 1957

 
 
Markovich 2001
270 20 �M
24 10%  
 
FASEB 1975 Singher & Marinelli
1945 [35S]

14 16 35S
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1973

98 120 150 mEq/L
2

3.5 5.5 mEq/L
2.2 3.3 mEq/L 4 2

2 1 5 mEq
8 / 3

3 3.8 4.4 mEq/L

 
 

FASEB 1975 Baldwin 1967

 
 

Markovich 2001

 

Smith & Mitchell 1974 1
125 mg 3 27 50 3 23 60

3 125 mg
300 mg O-

Tyramine O-sulphate
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O- 7 85%
 

 
Bakhtian 1993 4 5 8 22 23

7 F344
300 mg/kg

2 2 mmol/kg

4 5 22 23
0.64 0.19 �mol/min/kg 0.38 0.25 �mol/min/kg

0.71 0.51 mL/min/kg 0.42 mL/min/kg
1.12 0.49 mM 1.06 0.37 mM

4 5 8 7
0 22 23

23% Bakhtian

 

 
 

FASEB 1975 Everett & Simmons
1952 SD [35S]

24
75% 10% 4%

Everett & Simmons
Dziewiatkowski 120 (6)

 
 
Ittyerah 1969 kwashiorkor

20 20 15 1 4
mg/

                                            
6 85% 10%  
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132.8 mg/ 23.4 mg/
2 360.2 mg/ 85.4 mg/

331.2 mg/ 125.2 mg/
Ittyerah

ATP-

 
 
Neiberger 1992

10 34 7 35 80
6 120 8 0.13%

1 4.2
16.8 �mol/

�mol mL
10 34 35 80
2.2 0.26 �mol/mL 1.80 0.27 

�mol/mL 120 0.94 0.08 �mol/mL

Neiberger

 
 

 
Mahan & Escott-Stump 2006

80 90%

 
 

1973
4 1 5 mEq 8
/ 3
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40 mEq/ 3 45 mEq/
 

 

 
 

1982 Ishidate 1984 1991
99.9%

Salmonella typhimurium TA92 TA94 TA98 TA100 TA1535
TA1537 100 mg/plate

(7)

                                            
7 8 2007
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S. typhimurium TA92 TA94 TA98 TA100 TA1535
TA1537 40 mg/plate

 
 

1982 Ishidate 1984 1998
99.9%

CHL
24 48 4.0 mg/mL

(7) CHL
24 48 4.0 

mg/mL
 

 

Ishidate 1984
95.0% S. typhimurium TA92 TA94

TA98 TA100 TA1535 TA1537
5.0 mg/plate

 
 

Ishidate 1984
95.0% CHL 24

48 0.5 mg/mL
 

 

DNA  
SCE  

Hasegawa 1984
V79 SCE
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3 0 2 4 8 12 mg/mL 0 27 54 107 161 
mM

 
 
Galloway 1987

CHO SCE
4 0 140 160 180 mM 0 10.4 11.9

13.4 mg/mL 180 
mM SCE

CHO 6
4 160 mM

 
 

DNA
Galloway 1987

CHO DNA 4 0 180
200 220 240 260 mM 0 13.4 14.9 16.3 17.8 19.3 mg/mL

220 mM
 

1992 S. 
typhimurium TA97 TA102

10 mg/plate
 

 
1998

 
 

 

1998
CHL 24 48

4.0 mg/mL
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Hasegawa 1984
V79 3 0 2 8 12 

mg/mL 0 27 107 161 mM
12 mg/mL

Hasegawa
 

 
Galloway 1987

CHO 4 0 120 130
140 150 160 mM 0 8.9 9.7 10.4 11.2 11.9 mg/mL

140 mM
SCE DNA

Galloway
in vitro SCE

 
 

SCE DNA
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     LD50 mg/kg    
      3,000    

      3,000 4,000   
    NA2   6,300 24  

6,000 7  
  

      3,300   
    Wistar  3,000 140   

    F344   4,500   

13  
1999 5 F344

10 0 0.38 0.75 1.5 3.0% 0 220
440 890 1,790 mg/kg / 0 240 480 960 1,980 mg/kg

/ 13
3.0%

0.38% 1.5%
0.38% 1.5%

1.5% 0.38%

ALT
AST ALT Cl / A/G
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3.0% 1.5%
3.0%

0.38%

NOEL
3.0% 1.5%

3.0%
3.0% 3.0%

NOAEL 1.5% 890 mg/kg /
1.5% 960 mg/kg / Lotspeich 1965

Rabkin 1993
in vitro

NOAEL
3.0% 1.5% 890 mg/kg /

650 mg/kg /
3.0% 1,980 mg/kg / 1,440 mg/kg /

 
 

52 104  
Ota 2006 6 F344

10 0 0.1 0.6 3.0% 0 42 256 1,527 
mg/kg / 0 48 284 1,490 mg/kg / 52

3.0%
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Ota

3.0%
3.0%

3.0%

6 F344 50
0 1.5 3.0% 0 564 1,288 mg/kg / 0 650 1,371 

mg/kg / 104
0 1.5 3.0% 88

78 76% 0 1.5 3.0% 76 80 80%

1.5% 3.0%
Ota

52 3.0%

Ota 52
NOAEL 0.6%

Ota Ota 52 104
NOAEL 0.6% 256 mg/kg / 284 

mg/kg / 1999

NOAEL 3.0% 1,288 mg/kg
/ 937 mg/kg / 1,371 mg/kg /

997 mg/kg /  
 

13  
Lina 1994 Lina & Kuijpers 2004

5 Wistar
10 0 3% 0 2,230 mg/kg /

0 2,620 mg/kg / 13
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3.0%

NOAEL  

2  
OECD SIDS

2001 1986 5
F344 50

0.25% 110 mg/kg
/ (8) 1% 451 mg/kg /

4% 1,820 mg/kg /
4% 1,890 mg/kg / 2%

2% 960 mg/kg / 2

48 64 58 84 60 52%

Na Cl K

                                            
8 JECFA 0.4 kg  
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OECD SIDS 2001

NOAEL 4.0%

NOAEL  
 

18
Lina 1994 Lina & Kuijpers 2004

5 Wistar 15 0
3.0% 0 1,550 mg/kg / 0 1,840 mg/kg /

18

3.0%

3.0%
3.0%

oncocytic 
tubules

NOAEL
 

 
30

Lina 1994 Lina & Kuijpers 2004
5 Wistar 50 0

3% 0 1,450 mg/kg / 0 1,680 mg/kg /
30 (9)

0 3% 62 52% 0 3%
69 48%

                                            
9 70% 122
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3.0%
3.0%

40 25% 3.0%

3.0%
79

3.0%

3.0%
Lina & Kuijpers

3.0%

3.0%

NOAEL  
 

 

IARC
ECB EPA NTP

 
 

104  
Ota 2006 104

Ota
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Ota
 

 
2  

1986 2

 
 

32  
Lina & Woutersen 1989 5 Wistar

20 0.05%N- -N- 4-
4

0 2.98% 32
2.98%

Lina & Woutersen

 
 

30  
Lina 1994 Lina & Kuijpers 2004

30 3.0%
2

Lina & Kuijpers
Lina & Woutersen 1989
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Verret 1980 0 4
Single-Comb 20

10.00 mg/

 
 

JECFA 2000 Seidenberg 1986
ICR/SIM 28 0

2,800 mg/kg / 7 8 12
3

1

NOAEL
 

1972 Wistar 20
0 0 1,000 3,000

5,200 mg/kg / 8 14
20
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Wistar 5
0 1,000 3,000 5,200 mg/kg / 8 14

3 7

NOAEL
5,200 mg/kg /  

 
 

1972 ICR 20
0 0 1,000 3,000

5,200 mg/kg / 8 13
18

ICR 5
0 1,000 3,000 5,200 mg/kg / 8 13

3
6

NOAEL
5,200 mg/kg /  

 

OECD SIDS 2001 Food and Drug Research 
Laboratories 1975 Wistar 21 24 6 15

3.1 310 mg/kg / 20

NOAEL
310 mg/kg /  
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OECD SIDS 2001 Food and Drug Research 
Laboratories 1975 CD-1 21 24 6 15

2.35 235 mg/kg / 17

NOAEL
235 mg/kg /  

 

 
OECD SIDS 2001 Barden 1986

43 2 80 mmol/
85 mg/kg / 4

4
OECD SIDS

2001 NOAEL 80 mmol/ 85 
mg/kg / 45 mg/kg /

NOAEL  
 
OECD SIDS 2001 Matlou 1986

32 2 65 mmol/
69 mg/kg / 6

6

OECD SIDS 2001 NOAEL 65 
mmol/ 69 mg/kg / 36 mg/kg /

NOAEL
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NRC 1989
malting/fermenting aids

1982 86,000 39,000 kg 1987 18,600
8,400 kg 1982 1987

232 242 365 / 20%
1982 0.37 mg/ / 1987 0.08 mg/ /

 
 
FASEB 1975 NRC 1972

0 5 6 11 12 23
2 65 0.24 mg/ / 2.24 mg/ / 5.35 mg/ /

10.26 mg/ /  
 

1993
 

 
2001

SCF E515 ADI

 

 
 

 
 

2010 20
2,350 mg/ / 20 2,182 mg/ / 20
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2,260 mg/ / 2,200 mg/ /
 

 
2010

6
3,500 mg/ / 1,892 2,592 mg/ /

18
2,700 3,000 mg/ /

 
 

 
 

2004 3,664,230 kg 2007
(10) 3,537,000 kg

126 365 / 20%
63.7 mg/ / 60.6 mg/ /

74.4 mg/
/ 63.7 174.25/74.6 1/2 33.4 mg/ /

41.0 mg/ /  
 
 

 
JECFA  
1985 29 JECFA

JECFA

ADI not specified
 
JECFA ionizable salts

                                            
10 2007 1,537,615 kg

2,000,000 kg
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ADI
7

24
1965 9

ADI  
 

 
1975 FASEB FDA GRAS

FDA

 
 

 
SCF 1991

ADI
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13
3.0%

NOAEL 1.5% 650 mg/kg /
41.0 

mg
 

 
NOAEL

18
2,700 3,000 mg/ /

33.4 mg
2,200 mg 1.5%

 
 

ADI
 



 35

  
A/G  /  
ALT  
AST  
CHL  
CHO  
ECB European Chemicals Bureau  
EPA Environmental Protection Agency  
EU European Union  
FASEB Federation of American Societies for Experimental Biology

 
GMP Good manufacturing practice  
GRAS Generally Recognized As Safe  
JECFA Joint FAO/WHO Expert Committee on Food Additives

FAO/WHO  
IARC International Agency for Research on Cancer  
NRC National Research Council  
NTP National Toxicology Program  
OECD Organisation for Economic Co-operation and Development

 
SCE Sister Chromatid Exchange  
SCF Scientific Committee for Food  
SIDS Screening Information Data Set

 
V79  
WHO World Health Organization  
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S. typhimurium 
TA92  
TA94  
TA98  
TA100  
TA1535 
TA1537 

- in vitro - 

99.9%  

 
100 mg/plate  

1982
 

Ishidate 1984
 

1991
 

 
 

S. typhimurium 
TA92  
TA94  
TA98  
TA100  
TA1535 
TA1537 

- in vitro - 

 

 
40 mg/plate  

1982
 

Ishidate 1984
 

1991
 

 
 

CHL 

24
48

 

in vitro - 

99.9%  

 
4.0 mg/mL 

 1982
 

Ishidate 1984
 

1998
 

 
 

CHL 

24
48

 

in vitro - 

 

 
4.0 mg/mL 

 1982
 

Ishidate 1984
 

1998
 

 
 

S. typhimurium 
TA92  
TA94  
TA98  
TA100  
TA1535 
TA1537 

- in vitro - 

95.0%  

 
5.0 mg/plate  

Ishidate 1984
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CHL 

24
48

 

in vitro - 

95.0%  

 
0.5 mg/mL 

 Ishidate 1984
 

 SCE  V79 

3
 

in vitro - 
 

0 2 4 8 12 
mg/mL 0 27
54 107 161 
mM  

 Hasegawa 1984
 

 SCE  CHO 

4
 

in vitro - 
 

0 140 160 180 
mM 0 10.4
11.9 13.4 
mg/mL  

180 mM SCE
CHO 6

4
160 mM

 

Galloway 1987
 

 DNA
 

CHO 

4
 

in vitro - 
 

0 180 200
220 240 260 
mM 0 13.4
14.9 16.3 17.8
19.3 mg/mL

 

220 mM
 

Galloway 1987
 

 
 

S. typhimurium 
TA97 
TA102 

- in vitro - 
 

 
10 mg/plate  

1992  
 

 
 

 - in vitro - 
 

  1998  
 

 
 

CHL 

24
48

 

in vitro - 
 

 
4.0 mg/mL 

 1998  
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V79 

3
 

in vitro - 
 

0 2 8 12 
mg/mL 0 27
107 161 mM

 

12 mg/mL
 

Hasegawa 1984  
 

 
 

CHO 

4
 

in vitro - 
 

0 120 130
140 150 160 
mM 0 8.9 9.7
10.4 11.2 11.9 
mg/mL  

140 mM
 

Galloway 1987
 

      
 

 =3,000 mg/kg  FASEB 1975
Kochman

1926  
      

 
 LD50=3,000-4,000 mg/kg  FASEB 1975

Frank
1948  

  NA2     
 

 LD50=6,300 mg/kg 24
LD50=6,000 mg/kg 7  

1963
 

      
 

 LD50=3,300 mg/kg  FASEB 1975
Norfe

1963  
  Wistar     

 
 LD50=3,000 140 mg/kg  Boyd & Shanas

1961  
  F344     

 
 LD50=4,500 mg/kg  1986

 



 39

          

 
13  F344  13   

10   
0 0.38 0.75
1.5 3.0% 0
220 440 890
1,790 mg/kg

/ 0 240
480 960 1,980 
mg/kg /

 

3.0%
3.0%

NOAEL 1.5%
1.5%

NOAEL 3.0%

1.5% 650 mg/kg
/

3.0% 1,440 
mg/kg /  

1999
 

 
52
104  

F344  52
104
 

 
10
52

 

50
104

 

 
0 0.1 0.6
3.0% 0 42
256 1,527 
mg/kg /

0 48 284
1,490 mg/kg

/ 52
 

0 1.5 3.0%
0 564 1,288 

mg/kg /
0 650 1,371 

mg/kg /
104
 

104
1.5%

3.0%

52 3.0%

Ota

NOAEL 0.6%

NOAEL
3.0%

937 mg/kg /
997 mg/kg /

 

Ota 2006
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13  Wistar  13   

10   
0 3% 0
2,230 mg/kg

/ 0 2,620 
mg/kg /

 

NOAEL
 

Lina 1994
 

Lina & Kuijpers
2004  

 
2  F344  2   50

 

 

0%
0.25%

1%
4%

4%
2%

2%  
NOAEL

 

1986
 

 
18 Wistar  18   

15   
0 3% 0
1,550 mg/kg

/ 0 1,840 
mg/kg /

 

NOAEL
 

Lina 1994
 

Lina & Kuijpers
2004  

 
30 Wistar  30   

50   
0 3% 0
1,450 mg/kg

/ 0 1,680 
mg/kg /

 

NOAEL
 

Lina 1994
 

Lina & Kuijpers
2004  

 104  F344  104   
50   

0 1.5 3.0%
0 564 1,288 

mg/kg /
0 650 1,371 

mg/kg /
 

Ota Ota 2006
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 2  F344  2   50

 

 

0%
0.25%

1%
4%

4%
2%

2%  

 

1986
 

 
 

5 Wistar
 

4

32
  

20
 

N- -N-
4-

 

0 0.05%

0 2.98% 

 

Lina & Woutersen
1989  

 30  Wistar  30   
50   

0 3% 0
1,450 mg/kg

/ 0 1,680 
mg/kg /

 
 

Lina 1994
 

Lina & Woutersen
1989  

Lina & Kuijpers
2004  

  
Single-Comb

 
 

 
20
  

 
10.00 mg/  

 

Verret 1980
 

 
 ICR/SIM  8-12

 
 

28
  

0 2,800 mg/kg
/  NOAEL

 

JECFA 2000
 

 
Seidenberg 1986
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 Wistar  8-14

20

 

 

20
  

0
0
1,000 3,000
5,200 mg/kg

/  

NOAEL
5,200 mg/kg /

 

1972
 

8-14

3

7

5

 
 ICR  8-13

18

 

 

20
  

0
0
1,000 3,000
5,200 mg/kg

/  

NOAEL
5,200 mg/kg /

 

1972
 

8-13

3

6

5

 
 Wistar  6-15

  21-24   
3.1-310 mg/kg

/  NOAEL
310 mg/kg /

 

OECD SIDS 2001
Food 

and Drug Research 
Laboratories 1975  

 

 
 CD-1  6-15

  21-24   
2.35-235 mg/kg

/  NOAEL
235 mg/kg /

 

OECD SIDS 2001
Food 

and Drug Research 
Laboratories 1975  
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