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2003   7  1  

 
2003    7 18  3  
2010    8   6  7  
2010   10 25  8  
2012   1 27  
2012 3 15  
2012 3 15  
2012 5   7  
 
2012 5 10  
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TCA

 

 

 

 
TCA  

TCA TDI
TDI  

104
LOAEL 6 mg/kg /

1,000 10 10 PPAR
LOAEL 10 TDI 6 µg/kg /  

104
NOAEL 6 mg/kg /

1,000 10 10 10 TDI 6 µg/kg
/  

TCA TDI
TDI 6 µg/kg / TCA TDI 6 µg/kg /
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TCA

1  
 

 
 

IUPAC 
 

2,2,2-trichloroacetic acid 
CAS No. 76-03-9 

 

CCl3COOH 

163.4
 

 Cl 
 

Cl C CO2H 
 

Cl 
 

198
58

g/cm3 1.6

log Pow 1.7
Pa 51 133

1 5.6 
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mg/L 0.2 
 

WHO mg/L 0.2 4  
EU mg/L  

EPA mg/L 5 0.06 Maximum 
Contaminant Level  

2  
 
 

WHO EPA IRIS
IARC

3 4 5 6 7  
 

TCA 8
9  

 

TCA
14C TCA

3
24

10  
TCA

TCA
9 10 11 0.53 /

0.76 TCA
8

TCA
24 2.5 10

TCA
12 TCA
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TCA
5  

 

TCA TCA 14C
TCA 20 100 mg/kg

DCA
TCA DCA

13 DCA
14

DCA
15 14C TCA

HPLC
DCA TCA

10  
TCA 14 15  
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TCA 14 15  

 

8 10 11 14C TCA
84 24

10 TCA TCA
46

TCA
54

TCA 8 8  
TCA

TCA TCA
45.6 11.0
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16
TCA 30 9  

 

TCA LD50 3,320 
mg/kg 4,970 mg/kg

36
17  

 

B6C3F1 8 Fischer344 F344 6
TCA 500 mg/kg / 10

1  
CoA

18  
WHO LOAEL

500 mg/kg / 3  

  
500 mg/kg /  CoA

 

B6C3F1 5 TCA 0 100 250  500
1,000 mg/kg / 11

2  

100 mg/kg / 250 mg/kg /
19  

EPA LOAEL 100 mg/kg /
5  
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250 mg/kg /    
100 mg/kg /  

 
 

B6C3F1 6 TCA 0 250 mg/kg /
14 3  

250 mg/kg /
20  

EPA LOAEL 250 mg/kg / 5  

  
250 mg/kg /   

B6C3F1 12 TCA 0 0.3 1.0 2.0 g/L
0 75 250 500 mg/kg / 14

4  
0.3 g/L 1.0 g/L

21  
WHO NOAEL 75 mg/kg /

3  

  
1.0 g/L  
(250 mg/kg / )  

 

0.3 g/L 
(75 mg/kg / ) 

 

B6C3F1 6 TCA 0 0.1 0.5 2.0 g/L 0
25 125 500 mg/kg / 3 10

DNA 5 6
 

3 12



 

 11

10
CoA

12
22  

WHO NOAEL 25 mg/kg /
3 EPA LOAEL

125 mg/kg / NOAEL 25 mg/kg / 5  

  
0.5 g/L  
(125 mg/kg / )  

12  

0.1 g/L  
(25 mg/kg / )  

 

  
0.5 g/L  
(125 mg/kg / )  CoA

12
0.1 g/L  
(25 mg/kg / )  

 

Sprague-Dawley SD 6 TCA 5 g/L 312 mg/kg
/ 10 20 30

7  
5 g/L TCA

23  
WHO NOAEL 312 mg/kg / 3  
 

  
5 g/L 
( 312 mg/kg /  

 

SD 6 TCA 2,000 ppm 100 mg/kg
/ 52
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8  
100 mg/kg /

TCA 2,000 ppm
24  

  
2,000 ppm 
(100 mg/kg / ) 

 

Wistar 5 6 TCA 0 0.025 g/L 0 3.8 
mg/kg / 10 9

 

25

26  
WHO EPA LOAEL 3.8 mg/kg /

3 5  

  
0.025 g/L 
(3.8 mg/kg / ) 

 

SD 10 TCA 0 0.05 0.5 5.0 g/L 0
4.1 36.5 355 mg/kg / 90

10  
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355 mg/kg /

27  
WHO NOAEL 36.5 mg/kg /

3  
 

  
5.0 g/L 
(355 mg/kg / ) 

 
0.5 g/L 
(36.5 mg/kg / )  

 

B6C3F1 11 35 10 TCA 0
1.0 2.0 g/L 0 164 329 mg/kg / 1 0 2.0 g/L 0 329 mg/kg

/ 52 11
TCA 2.0 g/L 309 mg/kg / 37

11 12  
37 2.0 g/L

0/11 3/11
 

52
2.0 g/L

1.0 g/L
2/11 2/11 2.0 g/L 1/24 4/24

28  

  
2.0 g/L 
(309 mg/kg / )  
1.0 g/L 
(164 mg/kg / ) 

 

                                            
1 EPA IRIS 6  
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2.0 g/L 
(329 mg/kg / )   
1.0 g/L 
(164 mg/kg / )  

B6C3F1 20 DCA TCA DCA
0.1 0.5 2.0 g/L TCA 0.5 2.0 g/L 52 TCA

13  
TCA

DCA
29  

 

  
2 g/L 9/20  

0.60 ±0.18 
0.5 g/L 11/20  

0.70 ±0.16 

Vinyl carbamate 3 mg/kg B6C3F1

DCA TCA 0.1 0.5 2 g/L 25 125 500 mg/kg / )
20 50 100 mg/L 2 36

30  

B6C3F1 93 46 38 TCA 0 2.0 6.67
20.0 nmol/L 0 0.3 1.1 3.3 g/L 0 78 262 784 mg/kg / 51

82 14 15
 

82 262 mg/kg /
51 784 mg/kg / 25
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82 784 mg/kg /
262 mg/kg /

31  
WHO NOAEL 78 mg/kg / 3 EPA

82 LOAEL 262 mg/kg / NOAEL
78 mg/kg / 5  

  
20.0 nmol/L 
(784 mg/kg / ) 

25  

6.67 nmol/L 
(262 mg/kg / )  

 

  
6.67 nmol/L  
(262 mg/kg / )  
2.0 nmol/L 
(78 mg/kg / ) 

 

B6C3F1 50 TCA 0 0.05 0.5 5 g/L 0
8 71 595 mg/kg / 60

16 17  

13.3 71 mg/kg / 37.9 595 
mg/kg / 55.2  

B6C3F1 50 55 4.5 g/L 583 mg/kg /
94

32  
 

  
0.5 g/L 
(71 mg/kg / )   
0.05 g/L 
(8 mg/kg / ) 
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4.5 g/L 
(583 mg/kg / )  

B6C3F1 TCA 60 104
2

60 0.05 0.5 5 g/L 8 68 602 mg/kg
/ 50 104 4.5 g/L 572 mg/kg

/ 58 0.05 0.5 g/L 6 58 mg/kg / 72
18 19  

0.5 g/L 60 104 4.5 g/L 104 5 g/L 60

CoA

0.05 g/L 104
0.5 g/L 104 5 g/L 60  

60 5 g/L 15
30 0.5 g/L

0.5 5 g/L  
104

4.5 g/L 15 30 35  
60

21 93

5 g/L
0.05 0.5 g/L

0.5 5 g/L 30 45 60
5 g/L  

104 0.5 4.5 g/L 60
 

60 0.5 5 g/L
 

TCA
TCA

NOAEL 6 mg/kg / 33  
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5 g/L 
(602 mg/kg / ) 

 
 

0.5 g/L 
(68 mg/kg / )  

CoA
 

0.05 g/L 
(8 mg/kg / )  

 

 

  
4.5 g/L 
(572 mg/kg / )  
0.5 g/L 
(58 mg/kg / )  CoA

 
0.05 g/L 
(6 mg/kg / )  

 

F344 50 TCA 0 0.05 0.5 5.0 g/L 0
3.6 32.5 364 mg/kg / 104

20  
364 mg/kg /

-
CoA

32.5 mg/kg
/ -

NOAEL 32.5 mg/kg /
34  

EPA -
LOAEL 364 mg/kg / NOAEL 32.5 

mg/kg / 5  



 

 18

 

  
5.0 g/L  
(364 mg/kg / )  

-
CoA

 
0.5 g/L  
(32.5 mg/kg / ) 

 

 

B6C3F1 12 TCA 1,000 2,000 
nmol 8 15

12 20
 

4 17 1 4
 

DNA
15 24 48 7

8-oxo-2'-deoxyguanosine 8-OHdG
Malondialdehyde-associated guanine 

adducts 15 24 48
7  

TCA
8 15

TCA

TCA
35  

TCA B6C3F1 TCA

DNA
5  

 
TCA B6C3F1 K- H-
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TCA 36
TCA

37 38 39 Bull TCA DNA

14  
 
TCA TCA

TCA

TCA
TCA

TCA
40  

PPAR
TCA 0.25 0.5 1.0

2.0 g/L 7 2 g/L
SV129 PPAR

TCA
PPAR 41

TCA PPAR
42 TCA

EPA
TCA

5  
 
TCA DNA

TCA DNA
39 TCA

B6C3F1 c-myc
DNA

TCA DNA DNA
TCA

43 44  
 

TCA
EPA

5  
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TCA
MRL+/+ MRL+/+ 6 8 5
7 TCA 0 0.1 0.9 mg/mL 0 27 205 mg/kg / 4

CD4+T
B 0.9 

mg/mL CD4+T IL -2
IL-4 CD4+T Th1

T

0.9 mg/mL CD4+T
TCA

CD4+T
Th1

45  
 

Long-Evans TCA 0 330 800 1,200 1,800 mg/kg
/ 6 15

21  
800 mg/kg / 330 mg/kg /

800 mg/kg
/ 330 mg/kg /

1,200 
mg/kg / TCA 330 mg/kg

/ 46  
WHO LOAEL 330 mg/kg /

LOAEL 330 mg/kg
/ 3 EPA LOAEL 330 mg/kg
/ 5  
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1,200 mg/kg /    
800 mg/kg /  

 
 

330 mg/kg /   

 

SD 19 6 15 TCA 0 300 mg/kg
/ 22  

21

47  
EPA

LOAEL 300 mg/kg / 5  
 

 

   
300 mg/kg /   

 
Warren Fisher 47 TCA

21

48  
 

Charles Foster 25 TCA 0 1,000
1,200 1,400 1,600 1,800 mg/kg / 6 15

19
23  

19 1,000 mg/kg / 1,200 mg/kg
/ 1,000 1,200 mg/kg /

1,400 mg/kg /
cortical parenchyma

TCA
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1,200 mg/kg /
TCA

49  

  
1,400 mg/kg /  

 
1,200 mg/kg /   
1,000 mg/kg /  

 

SD TCA 0 2.73 g/L 0 291 mg/kg /
1 22 24  

50  
WHO LOAEL 290 mg/kg / 2

3 EPA LOAEL 291 mg/kg
/ 5  

 

   
2.73 g/L 

291 mg/kg / ) 
  

10 SD TCA
in vitro TCA mM 2.5 mM

mM DNA
51 TCA 1

5 mM

52  
TCA Hydra attenuata

53  
 

                                            
2 WHO 3 290 mg/kg /  
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TCA in vitro in vivo 25 26 7

TCA Salmonella typhimurium TA100
54

55
56 CHO

57 in vitro
 

 

  
  

    

 
Escherichia coli WP2s   DeMarini et al. 

1994 61  
DNA  

SOS  
Escherichia coli PQ37   Giller et al.1997  

54  
DNA  

Rec-assay  
Bacillus subtilis H17 
rec+ and M45 rec–

No data  Shirasu et al. 
1976 62  

 Escherichia coli B/r

try WP2
No data  Shirasu et al. 

1976 62  
 S.typhimurium 

TA100 TA98
TA1537 TA1538
TA98 

  Waskell 1978 
63  

 S.typhimurium TA100
TA1535

  Nestmann et 
al.1980 64

 S.typhimurium

TA100 
No data  Rapson et al.1980

58  
 S.typhimurium

TA100 TA98 
  Moriya et al.1983

65  
 S.typhimurium

TA100 
  DeMarini et 

al.1994 61
 S.typhimurium

TA100 
  Giller et al.1997 

54  
 S.typhimurium   Kargalioglu 2002 
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TA100 RSJ100
TA98 

59  

 S.typhimurium

TA104 
  Nelson 2001 

60  
 S.typhimurium

TA1535 TA1536
TA1537 TA1538

  Shirasu et al. 
1976 62  

    
DNA  No data  

 
 

Chang et al. 
1992 66  

DNA  

 

CHO No data  Plewa et al. 
2002 57  

   Harrington-Brock 
et al. 1998
55  

   Mackay et al. 
1995 56  

 

DNA
66 67 68 1987

69 1995 Mackay

56 TCA
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DNA   

 
 Nelson & Bull 1988

Nelson et al. 1989 
67,68  

DNA  
 

 Chang et al. 1991
66  

 
 

 
300 1300 mg/kg 

 Mackay et al. 1995
56  

 
 

 
125 500 mg/kg 

 Bhunya & Behera 
1987 69  

 
 

 
Bhunya & Behera 
1987 69  

 
 

TCA 16.9 50

TCA
70 71 TCA

2 2 15
72  

 
 

3:  
TCA

7  
 

 
 

TCA in vitro
in vivo

IARC 7 TCA 3
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TCA  
TCA trichloroacetate 2 34

NOAEL 32.5 mg/kg / 1,000 100
2

10 TDI 32.5 µg/kg  
 

 
TDI 32.5 µg/kg / 60 kg 1 2 L

20 TCA 200 µg/L
 

 
 

EPA IRIS TDI RfD

 
  UF

RfD  
 

B6C3F1 60
 

33  

BMDL10  18 
mg/kg /   

1,000 
10

10
10  

0.02  
mg/kg /

 

EPA IRIS 6 1996 TCA
1

TCA TCA
C possible human 

carcinogen EPA IRIS 2011 TCA
TCA DeAngelo 33 B6C3F1

104

1 kg 1 mg
SF 95 0.067
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0.07  
70 kg 2 L

1 L 1 g
2 10-6

 
0.067/ (mg/kg / ) ( 0.07/ (mg/kg / )) 

2 10-6 g/L 
 
 

  
10-4 1 10,000  50 g/L 
10-5 1 100,000  5.0 g/L 
10-6 1 1,000,000  0.5 g/L 

 
EPA 5 F344 2 34

NOAEL 32.5 mg/kg /
1,000 10 10 10 RfD

0.0325 mg/kg /  0.03 mg/kg /  
 

1  
TCA in vitro

IARC 1995
3

4 Bull 1990
0.3 mg/L

( 34
TDI  

F344 0 0.05 0.5 5.0g/L 0 3.6 32.5 364 mg/kg /day
TCA 364 mg/kg/day 3

CoA

32.5 mg/kg/day

                                            
3 De Angelo et al., 1997 34 decrease in body weight  
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NOAEL 32.5 
mg/kg/day 34  

TDI NOAEL 32.5mg/kg/day 1,000
100 10 32.5 

g/kg/day  
TDI 20%

50kg 1 L TCA
0.2 mg/L 162.5 g/L  

 

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

WHO/DWGL 

2011) 

104
34

 

32.5  
 

1,000 
10( ) 10(

) 10(

2

) 

32.5 

EPA 2011  
 

60
33

 

BMDL10

18 
 
 

1,000 
10( ) 10(

) 10(
) 

20 

2003  
 

104
34

 

32.5  
 

1,000 
10( ) 10(

) 10(
) 

32.5 

 

  g/L  
EPA/IRIS 2011  

10-4 1 10,000  50 33
 10-5 1 100,000  5.0 

10-6 1 1,000,000 0.5 
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21 TCA 28
10% 20% 2

10% 286/288
30 40 1 10 5,704/5,804

 

/ 

 

 
 

10
 

10  
 

20  
 

20  
 

30  
 

30  
 

40  
 

40  
 

50  
 

50  
 

60  
 

60  
 

70  
 

70  
 

80  
 

80  
 

90  
 

90  

100
 

100

0.020
(mg/L)

0.040 
(mg/L

) 

0.060
(mg/L)

0.080
(mg/L)

0.100
(mg/L)

0.120
(mg/L)

0.140
(mg/L)

0.160 
(mg/L) 

0.180 
(mg/L) 

0.200
(mg/L)

0.201
(mg/L

) 
 

 

 288 286 2 0 0 0 0 0 0 0 0 0
 74 74 0 0 0 0 0 0 0 0 0 0

 16 16 0 0 0 0 0 0 0 0 0 0
 59 59 0 0 0 0 0 0 0 0 0 0
 139 137 2 0 0 0 0 0 0 0 0 0

 

 5,804 5,704 91 8 1 0 0 0 0 0 0 0
 1,051 993 54 3 1 0 0 0 0 0 0 0

 281 260 17 4 0 0 0 0 0 0 0 0
 3,101 3,088 12 1 0 0 0 0 0 0 0 0
 1,361 1,353 8 0 0 0 0 0 0 0 0 0

  21  

TCA
 

B6C3F1

2008 104



 

 30

104 IARC
2004 1

TCA 3

PPAR

 
in vitro in vivo

1995
in vitro DNA

TCA
 

TCA TDI
TDI  

10
LOAEL

3.8 mg/kg /

TDI 104
LOAEL 6 mg/kg

/ 104 6 
mg/kg /

TCA PPAR
104 LOAEL

1,000 10 10 PPAR
LOAEL 10 TCA

TDI 6 µg/kg /  
104

LOAEL 58 mg/kg / NOAEL
6 mg/kg / NOAEL 1,000 10

10 10 TCA TDI 6 µg/kg /
 

TCA TDI
TDI 6 µg/kg / TCA TDI 6 µg/kg /
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TDI 
TDI 6 g/kg /   

TDI         
        
       104  

    
LOAEL     
LOAEL       6 mg/kg /  

       1,000 10 10 PPAR
LOAEL

10  
 

TDI 
TDI 6 g/kg /   

TDI         
        
       104  

    
NOAEL     
NOAEL       6 mg/kg /  

       1,000 10 10 10  

 
TCA 0.2 mg/L 50 kg 1 2 L

1 1 kg 8 g/kg /
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/  

 
 

 
 

mg/kg /  

NOAEL 
mg/kg

/

 
LOAEL 

mg/kg
/  

 
 

 
 B6C3F1

8

F344 
6  

10

 CoA
(500) 

 500[W]  

 
 

B6C3F1

 5 

11

 

: (100)
( (100-) (250-)) 

 100[E]  

 
 

B6C3F1

 6 

14
 (250-) 

 250[E] 

(E) 

 
 

B6C3F1

 12 

14
 (250) 

75[W]  

(E) 

 
 

B6C3F1
 6 

3 10

 
(125-) 

25[W,E] 125[E] 

(E) 

 
 

SD  6 
10 20
30

 (312) 

312[W]   

 
 

SD  6 
52

 

 

(100) 

 100  
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/  

 
 

 
 

mg/kg /  

NOAEL 
mg/kg

/

LOAEL 
mg/kg

/  

 
 

 
 

Wistar 
 5 6 

10
 

(3.8) 

 3.8[W,E] 

(E) 

 
i 

 
SD  10 

90
 

(355) 

36.5[W]   

 
a 

 
B6C3F1 

11 35 
10 

37
52  

 (37 309
52 164) 

   

 
b 

 
B6C3F1 

20 

52  
 (0.5 g/L) 

   

 
 

 
B6C3F1

93 46
38  

51
82  

 (262-) 

78[W,E] 262[E]  

 
d 

 
B6C3F1 

60  
60 

94  
50

55 

60
94

 
 

(60
71 94 583) 
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/  

 
 

 
 

mg/kg /  

NOAEL 
mg/kg

/

LOAEL 
mg/kg

/  

 
 

 
B6C3F1

50 58
72  

60
 

(602)

CoA
(68-)

(8-) 

6[A] 
 

6 
 

 
 

104
 

CoA

(58-)
(6-)

 
F344 

 50 

104
 -

CoA

(364) 

32.5[A,E] 364[E] 
(E) 

 
 

Long-Ev
ans 

6
15

 

 

(330-) 

 330[A,W,
E] 

IRIS(1994) 
RfD

LOAEL
(E) 



 

 35

/  

 
 

 
 

mg/kg /  

NOAEL 
mg/kg

/

LOAEL 
mg/kg

/  

 
 

 
 

SD 19  
6

15

 

(300) 
(300) 

 300[E] 

LOAEL
(E) 

 
 

Charles 
Foster 

25 

6
15

 
(1,400-)

(1,200-)

(1,000-) 

 1,000  

 
 

SD  
1

22
 

 

(291) 

 290[W] 
291[E] 

(E) 
 

[ ] [ ] WHO [ ] EPA [F] EPA/IRIS  
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BMDL10 10 95  
CHO  
DCA  
EPA  
F344  Fischer344  
IARC  
IL  
IRIS   
LOAEL  
NOAEL 
PPAR  

 
 

RfD  
SD  Sprague-Dawley  
TCA  
Th1 T I  
TDI  
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