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2003 7  1  
 

2003 7 18  3  
2009 8 17  5  
2010 7 16  
2010  10 25  
2011 1 31  
2012 1 27  
2012 3 15  
2012 3 15  
2012 5  7  
 
2012 5 10  
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2007 10 1    
   

   
 

   
   

   
   
   
   

   
   

 
2009 10 1    

   
   

 
   
   
   
   

   
   
   
   

 
2011 10 1    
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TWI 2 g/kg / Hg 17
Hg2+

 

 

 

 

 

TDI
 

TDI 2

NOAEL 1.9 mg/kg / 1,000 10
10 10 1.9 g/kg /  

TDI 6
LOAEL 0.23 mg/kg /

300 10 10
6 LOAEL

3 0.7 g/kg /  
 

TDI
TDI 0.7 g/kg /  
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17 8 4 762

TWI
2 g/kg / Hg  

Hg2+

 

 
 

1  
 

  ( ) ( ) ( ) 
CAS No.  7439-97-6 10112-91-1 7487-94-7 1600-27-7 

 Hg Hg2Cl2 HgCl2 (C4H6O4Hg/ 
Hg(CH3COO)2 

 200.59 472.09 271.52 318.70 

     
 -39 400 500 276 178 
 357  302  

=1  
13.5 7.15 g/cm3 6.5 g/cm3 3.28 g/cm3 

 
( g/100 
mL  

 7.4 20 40 20  

 
 

mg/L 0.0005  
0.00005 mg/L 
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WHO mg/L  0.006 4  
EPA mg/L Maximum Contaminant Level

0.002 
EU mg/L 0.001 

WHO EPA IRIS
IPCS WHO 

CICAD
2 8  

 

80
0.01

3
7 8 15

8

3

3

1 2
2 3

 

LD50
35 105 mg/kg / 9
25.9 77.7 mg/kg /

10 11  
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B6C3F1 5 0 5 10
20 40 80 mg/kg / 0 3.7 7.4 14.8 29.6 59.1 mg/kg

/ 16 16 12
1  

80 mg/kg / 4
5/5 4/5 40 mg/kg / 1 4

40 mg/kg /
40 mg/kg /

20 mg/kg /  
40 mg/kg /

0.5 ppm
40 mg/kg / 171 ppm 116 ppm

35 ppm 29 ppm 1 ppm
 

80 mg/kg /
5/5 5/5 40 mg/kg / 2/5

12  
 

   
80 mg/kg /  

59.1 mg/kg /
5/5  4/5  

 
40 mg/kg /  

29.6 mg/kg /
1/5  

 
 

/  
20mg/kg /  

14.8mg/kg /   

5 mg/kg /  
3.7 mg/kg /

/  

 
 

B6C3F1 10 0 1.25
2.5 5 10 20 mg/kg / 0 0.92 1.9 3.7 7.4 14.8 mg/kg

/ 6 26 27 5
2  

2 20 mg/kg /
5 mg/kg /

10 mg/kg /  
NTP National Toxicology 

Program
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5 

mg/kg /
12  

 

   
20 mg/kg /  

14.8 mg/kg /
 

 

 
 

10 mg/kg /  
7.4 mg/kg /

 

5 mg/kg /  
3.7 mg/kg /

 
 

 
2.5 mg/kg /  

1.9 mg/kg /
 

 

Fischer344 F344 5
0 1.25 2.5 5 10 20 mg/kg / 0 0.92 1.9 3.7

7.4 14.8 mg/kg / 2 14 12
3  

2.5 mg/kg / 5 mg/kg /
ALP

AST
LDH 10 mg/kg

/ GTP
LDH 13  

 

   
10 mg/kg /  

7.4 mg/kg /  
GTP LDH GTP  

5 mg/kg /  
3.7 mg/kg /  

ALP AST
 LDH

 
2.5 mg/kg /  

1.9 mg/kg /  
  

1.25mg/kg /  
0.92 mg/kg /  

  

F344 5 0 1.25 2.5
5 10 20 mg/kg / 0 0.92 1.9 3.7 7.4 14.8 mg/kg

/ 16 16 12
4  
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20 mg/kg / 2

20 mg/kg / 2.5 
mg/kg / 5 mg/kg /

 

20 mg/kg /
45.5 43.4 ppm 5.7

4.4 ppm 0.5 ppm 1 ppm
 

10 mg/kg /
20 mg/kg /

12  
 

   
20 mg/kg /  

14.8 mg/kg /
2/5   

 
10 mg/kg /  

7.4 mg/kg /
  

5 mg/kg /  
3.7 mg/kg /

 
 

/  

2.5 mg/kg /  
1.9 mg/kg /

/   

1.25 mg/kg /  
0.92 mg/kg /

  

 

4 Wistar 5 10
75 150 300 ppm 4 CICAD

1kg 1 5 10 20 mg/kg
/ 5.5 11.1 22.2 mg/kg / 3.7 7.4 14.8
4.1 8.2 16.4mg/kg / 5

 

P 300ppm
P  

300ppm P<0.02
P<0.02

75ppm  
AST ALP

300pm P<0.05 300ppm
P<0.05  
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300ppm P<0.02
P<0.05 300ppm

P<0.03 300ppm
P<0.03 150ppm

300ppm P<0.03  
300ppm 150ppm

300ppm  

75 ppm 14  
 

   
300 ppm 

 
14.8 mg/kg /  
16.4 mg/kg /  

 
AST ALP  

 
 

AST ALP Na
 

 
 

150 ppm  
 

7.4 mg/kg /  
8.2 mg/kg /  

 
 

 

75 ppm  
 

3.7 mg/kg /  
 4.1 mg/kg /  

 
75 ppm

 
 

 
 

 
 

Brown-Norway 200 g 5 1
3 mg/kg / 2.2 mg/kg /

2 2
6  

2 3 30 40
5 2

IgA
IgG

IgG 15  
 

3 mg/kg /  
2.2 mg/kg /  

2/5  
IgA IgG  

IgG  
 
 

F344 10 0 0.312
0.625 1.25 2.5 5 mg/kg / 0 0.23 0.46 0.92 1.9
3.7 mg/kg / 6 26-27
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5 7
 

5 mg/kg
0.625 mg/kg /

0.312 mg/kg /
0.625 mg/kg /

1  

 
NTP

2

minimal 1.25 mg/kg /
mild 3

5 mg/kg / minimal
NTP

12  
CICAD 0.625 mg/kg /

NOAEL 0.312 mg/kg /
0.23 mg/kg / 3  

                                                  
1 10 19 7.6 22  
2 4 minimal  
mild  moderate  marked 25

minimal 75 marked
 

3 mild 0.3125 mg/kg / 0/10
0.625 1.25 2.5 5 mg/kg / 1/10 4/10 3/10 4/10
NTP Fisher’s 0.625 2.5 mg/kg /

 



 12

  
5 mg/kg /  

 
3.7 mg/kg /  

 
 

 
 

1.25 mg/kg /  
 

0.92 mg/kg /  

 
 

 

0.625 mg/kg /  
 

0.46 mg/kg /  

 
 

 
 

0.312 mg/kg /  
 

0.23 mg/kg /  

 
 

 
 

B6C3F1 60 0 5
10 mg/kg / 0 3.7 7.4 mg/kg / 2 5

8
 

15

10 mg/kg /

 

10  
2

0%(0/205)

(80%)
90% 4

1.08 1.74 2.51 P<0.001

                                                  
4

minimal: 3 mild: 4 8 moderate: 8 12 marked: 12
minimal=1, mild=2, moderate=3, marked=4  
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43% 86% 84%
0.47 1.02 1.24

P<0.001

15
 

0/50
2/49 0/50 1/49

NTP uncertain findings
12  

NTP

 

   
10 mg/kg /  

 
7.4 mg/kg /  

 
 

 

 

 
 

 

5 mg/kg /  
 

3.7 mg/kg /  

 
*  

 

 
 

 
* 15

Sprague-Dawley
7 mg/kg / 350

9  

16 3 8
 

  
7 mg/kg /   

 
 

F344 60 0 2.5 5 mg/kg
/ 0 1.9 3.7 mg/kg / 2

5
10  

2.5 mg/kg
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/ 5 mg/kg /
84% 38/45 moderate

marked

 

91 11 16
2

11 22 11 16
 

15

 
2

 

5

24 12/50
6 3/50

 

5/50 10 P=0.160 2/50 4
P=0.211 4/50 8 0/50 0

historical incidence 0.8
2/263 0 0/265  

32 16/50
70 35/50 40 20/50

6 3/49 10 5/50

24 12/50 0 0/50
0.4 1/264

                                                  
 5

minimal 25 marked
75 4

minimal=1  mild=2  moderate=3  marked=4  
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2  

1/50 2% P=0.017
2/50 4% P=0.368 6/50 12% P=0.044

2/50 4% P=0.062
6/50 12% P=0.061 6/50 12% P=0.091 NTP

uncertain findings  

12  
NTP

2
F344 some evidence

CICAD

3
WHO LOAEL 1.9 mg/kg /

8  
 

   
5 mg/kg /  

 
3.7 mg/kg /  

 
 

 
 

 

 

2.5 mg/kg /  
 

1.9 mg/kg /  

 
 

 
 

 

C57BL/6 25 0 0.25
0.50 1.00 mg/kg / 0 0.185 0.37 0.74 mg/kg /

F0 40
1 21

F0 16 1
21 21 21

11
44 16

96.00
15.00

17  
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1.00 mg/kg /

0.74 mg/kg /  
 

16 15  
0.50 mg/kg /

0.37 mg/kg /  
 

16 93  
0.25 mg/kg /

0.185 mg/kg /  
 

16 93  
0 mg/kg /  44 96  

 

30 Sprague-Dawley 10
0 1 2 mg/kg / 0.0 0.74 1.48 mg/kg / 60

12  
30

<10

LH 18  
 

   
2 mg/kg /
1.48 mg/kg /  LH   
1 mg/kg /

0.74 mg/kg /  
  

 

Wistar 44
0 50 100 ppm 0 4 8 mg/kg / 0.0 2.96 5.92 

mg/kg / 90
13  

6
10

19
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100 ppm 8 mg/kg /  

5.92 mg/kg /  
50  

50 ppm 4 mg/kg /  
2.96 mg/kg /

 
 

 

Sprague-Dawley 20 30 35
0.0 0.50 1.00 2.00 mg/kg / 0.0 0.37

0.74 1.48 mg/kg / 0.0 0.75 1.50 3.00 mg/kg /
0.0 0.55 1.11 2.22 mg/kg /

2
F0
44 2.00 mg/kg / 1.50 mg/kg / 1.11 mg/kg

/ 28 3.00 mg/kg / 2.50 mg/kg /
1.85 mg/kg / F0

60 1
21 F0

16 1 21
21 21

F0 F1

F1
F2

14  
F0

5 4 1 5 1 4
13 3 10 0

F0

F1

 
F0

95 63.15 36.84
11.76 F0
F1

F1
97.4 85.44 87.50 75.00
F1 4

98.65 40.00 7
F1

11.70 0.57 7.30 1.22 6.00 1.22 5.10
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2.10 SE 0 21 F1

0
F2

98.95 93.33 4
98.94 79.87 F2 0 21

F1 F2

F1 F0

F1

Flagfish  
F0 7

F1 F0
7 10 5 9

6 1

F1
 

F0 F1

F0

20  
 

 F0  F1  F2  
1.50 mg/kg /  
2.50 mg/kg /  

 
1.11 mg/kg /  
1.85 mg/kg /  

20  
13/40

 

 

4

 

 

 

1.00 mg/kg /  
1.50 mg/kg /  

 
0.74 mg/kg /  
1.11 mg/kg /  

20  
5/40

 

 

 
15  

 

 
4

0.50 mg/kg /  
0.75 mg/kg /  

 
0.37 mg/kg /  
0.55 mg/kg /  

20  
5/40

 

 

 
25  
 

 

2.00 mg/kg / 3.00 mg/kg /

F1  
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0 22 32 47
63 mg/kg / 0 13.8 20.1 29.6 39.7 mg/kg /

15  

22 mg/kg / 35 32 mg/kg
/ 53 47 mg/kg / 68 63 mg/kg / 99

P 21 3  
 

   
22 mg/kg /  

 
13.8 mg/kg /

  

 

16 17  
 

 
( )

3
DNA ( ) Bacillus

subtilis rec-assay 22 3 51
Escherichia coli DNA DNA

( 23 3 51 ) ( ) rec-assay
( 22 3 51 ) ( )

24 DNA
( )

DNA DNA
25) CHO

DNA 1 ( 26 31 3 51
)  

1991 Howard ( ) CHO

32  
L5178Y 

33  
34 35

3 51
36 37 3 51  

35 mg/L ( )
 38 3 51  



 20

 
  

 
  

  
 

DNA  
rec-assay  

 
 
 
 
 

Bacillus subtilis No data Kanematsu 
etal., 1980

22  
 

No data  Kanematsu 
etal., 1980

22  
 

Escherichia coli No data  Brandi et 
al., 1990 

23  
 

 
 
 
 

Salmonella 
typhimurium TA100, 
TA98 
E. coli  
WP2 /pKM101

  Codina et al. 
1995
24  

 

 
DNA  No data 

No data 
 
 

Zasukhina 
et al., 1983

25  
 

CHO  
 
 

No data  Cantoni et 
al., 1982, 
1984a, b 
Cantoni and 
Costa, 1983,; 
Christie et 
al., 1984, 
1986
26 31  

 

  No data  Jagiello and 
Lin, 1973

38  
 

CHO  No data  Howard et 
al. 1991

32  
 

 No data  Verschaeve 
et al.,1980

35  
 

 
CHO  No data  Howard et 

al. 1991
32  

 

 No data  Morimoto et 
al., 1982

36  
 

 L5178Y  
  Oberly et al. 

1982
33  

 

 
 

No data  Casto et al., 
1979
34  
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3 12 mg/kg ( )

2.2 8.9 mg/kg
( 39)

( )  
( )

40 41
3 ( )

38 3
 

1983
( ) 0.025 2.5 g/kg 0.018 1.8 g/kg 12 

25 2 mg/kg
1

42  

 
 

  

 
( )  

 
Ghosh et al., 
1991 39  

 
Poma et al., 1981

40  

  
Jagiello and Lin, 
1973 38  

 
 Watanabe et al., 

1982 41  

 
 

 
Suter, 1975
42  

 12
 

Zasukhina et al., 
1983 25  

: 
 

8  
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43 8  
500 mg

44 8
0.05 0.35 mg/m3 45 46 8 1 3 mg/ m3

47 8  
 

75 

3  
(

)

( 48) 3 4 
( 49)  

120 mg 
2 1 

2 25 1 6 
( 50 2 )  

 

 

3: 51  

 
 

2B: 51  
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1972 4 16 JECFA
PTWI PTWI 0.3 mg/ /

0.2 mg/ /
60 kg

5 3.3 g/kg /  
2010 2 72 JECFA

NTP 1993 6
BMDL10 0.06 mg/kg

/ 100 PTWI
 g/kg / PTWI 5 g/kg /

53 PTWI TDI 0.57 g/kg /
 

 

2003 6 61 JECFA

PTWI 1.6 g/kg
/  

IPCS 3 1993 NTP
6 NOAEL 0.23 

mg/kg / 100
TDI 2 g/kg / 1993 NTP

2
LOAEL 1.9 mg/kg / 1,000 10 10

LOAEL NOAEL 10 TDI
 

 
 

TDI 10% 60 kg 1 2 L
0.006 mg/L  

 
 

EPA/IRIS TDI
RfD
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Critical Effect  

 UF  
MF  RfD  

 
 

 
Grandjean et al. 

1997; Budtz-J rgensen 
et al. 1999a  

 

BMD  7

BMDL05 46-79 ppb

0.857-1.472 g/kg /
 

10 

(

)3 

3  

1 1 10-4 
mg/kg

/  

 
 

 
Critical Effect  

 
Hg2+  UF  MF  

 
RfD  

 
 
Brown Norway

 
Druet et al. 1978; 

Bernaudin et al. 1981; 
Andres 1984  

NOAEL:  
 
LOAEL: 0.226 mg/kg /

0.317 mg/kg /
0.633 mg/kg /

 
1,000 

LOAEL

 

 
1 

3 10-4  
mg/kg

/  

 
 

 

 

EPA  
C

 
 

EPA
D

 
 

EPA
C
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1
4

4
0.001 mg/L
0.0005 mg/L  

 

  NOAEL  LOAEL       TDI 
(mg/kg / )              g/kg /

JECFA 
2010  

 
 

NTP 1993
6

 

 BMDL10 
: 0.06    100 

 
0.57 

 
WHO/DWGL 

4  
2011  

26

 
0.23  

100 
10 10

 

 
2 

 14  
EPA/IRIS 

2001  
 

 

 

7

 
 

0.857-1.472 g/kg
/

BMDL05

46-79 ppb
 

10 

3 

3 

 
 

0.1 RfD  
 0.7  

1995  
 

 0.226 
0.317 
0.633 

1000 
10 10

10
LOAEL

 
0.3 RfD  
 2.1  

 
 

21 19
0.0005 

mg/L 90% 100% 1 10%
5,203/5,206 10%

20% 1 10% 5,356/5,357
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10%
 

10%
20%

 

20%
30%

 

30%
40%

40%
50%

 

50%
60%

60%
70%

 

70%
80%

 

80%  
90%

 

90%
100%

 

100%
 

 
0.00005 
(mg/L)

 
0.0001 
(mg/L) 

 
0.00015
(mg/L)

 
0.0002
(mg/L)

 
0.00025
(mg/L)

 
0.0003
(mg/L)

 
0.00035
(mg/L)

 
0.0004 
(mg/L) 

 
0.00045 
(mg/L) 

 
0.0005
(mg/L)

0.00051
(mg/L)

 

5,206 5,203 2 0 0 0 0 0 0 0 1 0
1,041 1,041 0 0 0 0 0 0 0 0 0 0

276 276 0 0 0 0 0 0 0 0 0 0
3,069 3,066 2 0 0 0 0 0 0 0 1 0

815 815 0 0 0 0 0 0 0 0 0 0
5,357 5,356 1 0 0 0 0 0 0 0 0 0
1,005 1,005 0 0 0 0 0 0 0 0 0 0

267 267 0 0 0 0 0 0 0 0 0 0
2,817 2,816 1 0 0 0 0 0 0 0 0 0
1,258 1,258 0 0 0 0 0 0 0 0 0 0

21
 
 

17 8 4
762

TWI 2 g/kg / Hg
52  

Hg2+

8  

 

 
2 /



 27

2

IARC

3  
 DNA

 
IARC 3

TDI
TDI  

TDI NTP 2
/ 3.7 mg/kg /

NOAEL 1.9 mg/kg /
1,000 10 10
TDI 1.9 g/kg /  

TDI

LOAEL 0.185 mg/kg /

NTP 6
0.23 mg/kg

NTP
3.7mg/kg

15
6 0.23 mg/kg

LOAEL 0.23 mg/kg
300 10 10 6

LOAEL

3 TDI 0.7 g/kg

TDI
TDI 0.7 g/kg /  

 
TDI 0.7 g/kg /  

TDI   
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 6  
  

LOAEL  
LOAEL 0.23 mg/kg /  

 300 10 10
LOAEL

3  
 

 

100% 0.0005 mg/L 50 kg 1
2 L 1 1 kg 0.02 g/kg /

TDI 0.7 g/kg / 35 1  
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mg/kg /  
NOAEL 

mg/kg /  
LOAEL 

mg/kg /  
 

a B6C3F1 
5 

16

 

/  
3.7-  

 
3.7-  

 
 
 
 

 
 
 

 

 

b B6C3F1 
10 

6

 3.7-
 

 
 
 
 
 

  

 

 
c 

 
F344 

5 

2

 

 
1.9-  

LDH

3.7-  

 
 
 

 
 
 

 

 

d 
 

F344 
5 

16

 

/  
1.9-  

/  
3.7-  

 
 
 

 
 

 

 

e 
 

Wistar 
 
5 
 
10 

4

 

 

3.7-  
 

 
 

4.1-  

 
 
 
 
 
 

 

 

 

 

f 
 

Brown- 
Norway 

 
5 
1 

2

 

2/5  
 

 
IgA IgG  

IgG  
2.2  

   

 

g 
 

F344 
10 

6

 

 
0.23-

 
 

0.23[C]  
0.23

 
 
 
 
 
 

 

 
 
 

a 
 

B6C3F1 
60 

2

 

 
3.7-  

 
 

3.7-  
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mg/kg /  
 

NOAEL 
mg/kg /  

LOAEL 
mg/kg /  

b 
 

Sprague- 
Dawley 

 

350

 

 
 

 
7  

   

 

c 
 

 
F344 

60 

2

 

  
 

 
 

 

 
 
 

1.9-  

1.9-

 
 

 
1.9[W] 

 

 

a 
 

 
C57BL/6 

 

 

0.185-    

 

b 
 

 
Sprague- 
Dawley 

10 
 

60

30

 

 
0.74-  

 
 

1.48-  

   

 

c 
 

Wistar 
 

44 

90

 

2.96-  
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/  

 
 

 
mg/kg /  

 

NOAEL 
mg/kg /

LOAEL 
mg/kg /

 

 
 

d 
 

 
Sprague- 
Dawley 

20 
2

 

2

F0

F2

 

 
F0

F1

0.37-
 

 
F0

0.37-  

   

 

 
e 

 

 

 
13.8-  

 
 

13.8-  

 1  

( ) 
 

 
[W] WHO [C] CICAD  
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ALP  
AST 
BMD 

 
 

BMDL05 5 95  
BMDL10 10 95  
CICAD  
CHO  
EPA  
F344 Fischer344 

GTP  
IARC  
IPCS  
IRIS   
LDH  
LOAEL  
NOAEL  
NTP 
PTWI 
RfD 
TDI 

National Toxicology Program 
 

 
 

TWI 
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