10

11

12

13

14
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48 12 2B 112.40 106 1.25% 108  0.89%
110 12.49% 111 12.80% 112 24.13% 113 12.22% 114 28.73 %
116 7.49% 1—1

320.8 765
1
1/200
1817 1920
2—2
PVC
3.1
0.1mg/kg
2
15mg/kg 3-3
1 5
3—4
500 3=5
3—6
3—6 3—7
3-8
3.2
3—9 3-—10
3—11
50km
3—12
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33
3—13 3-14
pH
15 pH
34
3—7
8mg/kg
3—17
3—20 3-21
3-22
4.1
4.3.1
4.2
4.2.1

3—16

3—18
3—19
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WHO

1 298ug/L
0 Sug/L
4—1
230mg/kg 2.5mg/kg
246ug/L
4—-2
4.2.2
4—3 4—4
1
2
4—5 4-—6
3
Shipham
4
3
1 ab
mg/kg
37,250 < 0.01 1.2
381 < 0.017 0.47
462 < 0.01 0.66
14 < 0.01 0.03
329 < 0.01 0.49
101 < 0.01 0.011
108 < 0.01 0.056
88 < 0.01 0.08
103 < 0.01 0.07
23 < 0.01 0.08
31 < 0.01 0.012
103 < 0.01 0.33
123 < 0.01 0.23
31 < 0.01 0.04
101 < 0.01 0.05
7.3 WHO 2 3

161pg/L
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290
130
130
81
23
32
23
50
42
116
121
26
15
15
57
72
45
15
15
64
48
51
24
56
41
30
15
10
15
30
30
35
30
15
30
15
45
45

N NN N NN NN NN NN

N N
O OO NOOODODODODODODODODOOHODODODOOPFPOOFPONOODODODOOOOOOOoOOoOOo

.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.02
.20
.01
.30
.10
.01
.20
.03
.02
.02
.01
.03
.60
.09
.01
.17
.01
.01
.09
.01
.02
.79
.04
.30
.02
.02
.05

O Ul OO OO OO OOO OO oo

1

(o]

9

O WOORFrRPrROOPFr OoOwwuOo

N
w

o O O

P O O OO wwOoOo

17
.05
.04
.02
.011
.04
.02
.04
.03
.05
.07
.03
.07
.60
.51
.00
.68
.10
.50
.77
.14
.17
.07

.00
.90
.04
.10
.03
.29
.90
.41
.17
.50
.48
.00
.57
.34
.21

2003

2002
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ng/kg

a

20-30 20-40 31-32 30 25-35
< 20-30 < 5-5 2-3 6-30 10-40
450 180 190 1000
130 70 50 100
< 15 < 5-20 1-20 14 15
< 30 < 4 1 < 10 2
< 20-30 < 3-20 1-23 < 30 10-30
< 10 < 10 3 30 5
< 10 < 2 1-2 11 5
< 10 5 4 10
< 20 10 10
120 150 43
10 10
< 10-30 < 2-30 1-4 15
< 60 50 29 43
< 30 30 16 30 30
< 50 30 41
* Buckeetal. 1983 4-7 Koivistoinen 1980 4—-8
¢ Jorhemetal. 1984 4—9 Andersen 1979 4—10 ,
° RIVM 1988 4—11
3
mg/kg
166 0.0045 0.001 0.23
320 0.060 0.010 0.59
322 0.041 0.002 1.11
288 0.030 0.0017 0.207
297 0.028 0.002 0.18
207 0.017 0.002 0.13
230 0.009 0.001 0.054
150 0.017 0.001 0.160
104 0.061 0.012 0.20
231 0.014 0.002 0.048
* Wolnik etal 1983, 1985 4—5 4—6
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4 ng/kg

Shipham 250 ° 680 130
Walsall 73 190 103
Heathrow 24 180 150
* WHO (1992) Cadmium, Environmental Health Criteria 134. 4—12
b
4.3
4.3.1
1 2ug 10%
4—13 50%
4—14 1 20 1 2ug
4 5
2 3 4—15 4—16 4—17 4—18
432
43.2.1
1977 WHO Global
Environmental Monitoring System (GEMS)
8 12
10 1990
1999 28.9ug/ / FAO/WHO
JECFA PTWI 50% 14
36.5% 24.5%
12.0% 8.1% 7.1%
4—19
DS ° 2004 21.4pg/ / 533kg  2.8ug/kg
/ 43% 4—20
7 12 6
3.47ug/kg
/ 2.93png/kg / 95 7.33ng/kg /
4—-21
(TDS)
13 530
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4322

TDS
6 TDS
1.15 pg/kg / 8 ng/kg /
JECFA PTWI ’ 7 pg/kg /
0.44ug/kg / TDS
4—-22
4323
PTWI
PTWI 5
4—12
* (ng/ )
D 15 Buchet et al. (1983)
M 13 Koivistoinen (1980)
D 31 Yamagata & Iwashima (1975)
D 48 Suzuki & Lu (1976)
D 49 Ushio & Doguchi (1977)
D 35 Iwao (1977)
M 49 Ohmomo & Sumiya (1981)
D 59 Iwao et al. (1981a)
D 439 ( ) Watanabe et al. (1985)
37.0 ( )
D 21 Guthrie & Robinson (1977)
D 10 Wester (1974)
M 17 Kjellstrom (1977)
M, D 10-20 Walters & Sherlock (1981)
M 41 Mabhaffey et al. (1975)
M 211-245 Japan Public Health Association (1970)
D 180-391
( D 136 Iwao et al. (1981a)
M 36 Sherlock et al. (1983)
D 29 Sherlock et al. (1983)
D 33 Spencer et al. (1979)
M
D
17 15 12 3
Provisional Tolerable Weekly Intake
1kg 1

10
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5.1

6
6 R
6 B
6 U
2 8%
(Cd-D)
1  Horiguchi 2004
5—1 2 6
2
2
5—1
52
2 (divalent metal transporter 1, DMT1)
2
DMT1
2
- (Cd-MT)
metal transport protein 1, MTP1
Cd-B Cd-U
(kernel)
(seed) (CdCI2)
30%
2 5-3
(MT)
Cd-MT
0.02 40 mg/kg MT
10% 1%

11
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30
31
32
33
34
35
36
37
38

39

40
41

2 8
6
w/ %
Suzuki and Lu(1976 25.44,
( ) M 2 3537 30 48.18, 46.92 B Cd
5-4 2338
Flanagan et al.(1978)| M | 10 | 24=11 2.6+06
5-5 F | 12| 29432 RI*S™Cdcl, 25 7518 R SLer
1 (22-29) et
McLellan et;g(1978) M| 14 21-61 46440
Berglund et al.(1994) 34 [ 37%74 11142 2
& Vahter et al(1996)| F | 23 | 3684 4 16.07.1 0 B Cd
5-8 5-9 17 3779 27.8+176 -1
t al.(2000 106, 18.81,17.84 106,
Crewetal2000) | ¢ | 5 | 5455 | SICd BBLIT8A | s0as | U Cd
5-10 16.87 5
Vanderpool 113
Reeves(200 ) ol 52+13 | g)i3¢cq 144458 10.6+4.4 u cdcl,
5-3 (30-70) (16-183) 2
F 25 Cd 44 -245 B |5 11 table3
239
12 Cd 46.53+7.21 12 Cd 12 20
. (4037 | o
Kikuchi et al.(2003) 6 20.8 cd 4947341 237 12 14 cd 12 20
5-11 (20-23) 52242068 | (-8.2-56.9)
47.2
12 Cd 46.53+7.21 12 Cd Cd
. (94-833) |
49474341 36.6
6 cd 52242068 | (02.735) 12 14 cd cd
o 8 | 20-39 44
Horiguchi et a.(2004)| ¢ 715 40-50 7 683136 1 B cd
14 60-79 -5.9
B R U Cd

Kikuchi et al. (2003)

1
80
o A
60 |
<)
= d°r
k=]
a
5 20 }
w
=)
<
3 °F
] o
& -20 ..
& vl = -1.4008x + 80.125 d ®
R2? = 0.4471 ®
-40 F ® [ J
.60 . x 2 .
o 20 40 60 80
Age

Horiguchi et al. 2004

12




S B S

O 0 9 N W

10
11
12
13
14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

2 ) (Cd-1)
50 50
[ ] [}
40 40
30 30
[ X ) ° °
o 20 » 20
3 8
S 10 s 10
< <
o 0 ® o ° 'Y 4] 0 ‘ Iy
[ ] [ ]
-10 -10
[ ] [ ]
-20 | ° -20 °
-30 : : -30 :
0 10 20 30 40 50 60 70 80 0 20 40 60 80 100
Cd-I Age

Balance (%) = 0.51Cd-I

0.49 Age + 6.76 (R* = 0.597, R** = 0.496)

50 50
[ ] [}
40 40
30 30
o0 ) [
o 20 o 20
3 3
s 10 s 10
[ [
@ 9 ® 0 ° ° @ ‘ Py
0 hd 0 b
-1 ° -1 °
-20 -20
-30 * * * -30 !
0 10 20 30 40 50 60 70 80 0 20 40 60 80 100
Cd-I Age

Balance (%) =0.33Cd-I

5.2
Zalups 5—12
MT
Cd-MT
5.3
10 20
1/4
20
2
—14 1992 1994

0.66 Age + 23.88 (R? = 0.732, R2* = 0.656)

MT Cd-
MT
1/3
10 mg/kg
1/4
7
1975
5—13 3 1974 1983 5
5—15
50 60
4—12

13
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ng/g

Orlowski,
& Piotrowski(2003)
5-16

29

M26

4213 F3

0.28+0.16
0.260.15
0.130.07

40-60

Satarug et al.(2002)

5-17

1997 1998

61

385| -
(_2-89)

15.45
0.95
0.13

43

37.0 M

14.6
0.78
0.11

18

395 F

181
136
0.17

41 50 144
61 146
4 50 259

51 60 225
61 213

39 Cd-U
2.30pg/g Cr
Cd18.6

Garcia et al.(2001)

5-18

78

56420 -

108
110
0.09

57

21

155
123
0.13

17.4
0.76
0.05

Cd 50

Cd

55% Cd

Torra et al. 1995

5-19

50

18-80

14659 24 31
86+43 15 167
0.9820.50 0.32 232

50-60
Cd

Tiran et al.(1995)*

5-20

Styria

60

M33
25-87 F27

135 225
025 248

015 341

0

Cd 40-60
Cd 40-70

Yoshida et al.(1998)

5-15

1992 1994

55

M43
F12

39.6+358
205184

MT 3944438

MT 1912340
MT 250313

0-1, 2-20, 21-40, 41-60, 61
95 Cd 061, 841, 33.3,
69.8,52.3 Cd 0.1, 4.65, 11.6,
268,199 Cd 005,112, 2.29, 1.88,
3.55
MT 21-60

Takacs & Tatar
(1991)

5-21

11.58=+9.95
1.56+1.68
0.56+0.88

13.84+11.28
1.66+1.57
0.6440.95

8.7146.95
143181
0.4540.77

11.99+10.04
1.814262
0.7241.69

14.38+11.58
1.75+1.88
0.91+2.16

9.31%7.05
1.88+3.26
0.504+0.86

Nogawa et al. (1986)|

5-22

1967-71, 1981-
84

1973-77

35.2

66.6

4

305

60-69, 70-79, 80-89, 90-99
711 665

61-94

66.7

80.2

il B9

65.1

58.3 125 315 295 404
89.4 673 139
945 640 629 36.7

1981-84

89.8

0-9, 10-19, 20-29, 30-39, 40-
49, 50-59, 60-69, 70-79, 80-89, 90-99

82.6

.50 35.
7.7 77.1 116 886 76.0 615

mZ

104.1

8.0

k<

6.1

9.8

. 34.3 154
107 139 113 105 889 816
X 312 542
4.79 9.02 858 830 841
1 424 6.87
573 118 198 186 104

18
28

(1975)

5-13

70.7442.0
3354227
6.3+47

54.5
281
4.6

96.3
435
9.3

Cd 50
u

40

20

Sumino et al.(1975)

5-23

1971 1972

30

15

15

4724

57x46
27x17
1510
114044

39 M

10-19, 20-29, 30-39, 40-
49, 50-59, 60

ng/g

nmol/g pg/g

Inmol=112.4ng

14
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3 5—14 5-—15 5-19
1000
100 = .-'...-.' . ot
140 .® : - = . . . -
Elinder CG. 1985 . 10 I -
Ay A d .
1 Yoshida M, et al. 1998
120 ( )
0.1
r=0.740
_ w0 0.01 Renal cortex p<0.001
% o'ml -! T L) T T \J T L T BRI}
2 0 10 20 30 40 SO 60 70 80 90 100
- 80
g 35 4
3
§ w0 3| Torra M, et al. 1995 o°
g ( )
by o
S % 0
S o © 8
2] g
1 °c 3
20 g 15 4 3 [o}
A 8
Q
1
o © 8 88 o
0 10 20 30 40 50 60 70 80 a
Age 5
»-------x Canada ©———0 GDR >—— Sweden [}
w-------s Finland ®———¢ Japan{Akita) =———+ USA (Dallas) AR R e = - N— it -
®------ France ®———= Japan(Tokyo)»——— USA (N.C)) 0 10 20 a0 40 50 60 70 a0 0
O--o--- o FRG = w——=—= Norway o—o Yugoslavia
54
Cd-MT
100
0.01% 4—12
8 9 30
50 100 30
0.03% 67 120 mg
24 0.83 5.68%

15
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16

8 1976 5—24
(Tsuchiya K. 1978)
table 3-28
g g D/W’ (%) ppm ppm ng/
11 15.23+£6.25  65.65+25.63  24.32+4.67 1.26+0.67 0.33+0.18 19.4+15.7
0 5
19 27.11£11.84 117.01+60.51 25.01£5.55 1.3620.45 0.36+0.18 36.0£17.7
22 24
1 19.88+ 6.00  84.88+30.39  25.10+5.37 1.21+0.29 0.3240.12 25.0+10.8
22 24
33.35 134.53 25.03 1.19 0.34 452
54 26.63 112.70 24.30 1.33 0.33 34.5
+
- /
table 3-29
5-25
(ng/D (ng/ ) (ng/e) (ng/ )
1 0.91+0.08 0.51+0.11 1.57+0.28 41.1£6.5
2 1.93+0.34 1.43+0.22 1.34+0.22 59.6+17.5
3 0.53+0.17 0.79+0.36 2.17+0.63 79.4429.7
4 0.84+0.14 0.76:£0.06 1.67+0.53 53.8413.2
5 0.67+0.09 0.96+0.32 1.97+0.86 64.6+47.5
6 1.61£0.52 1.01£0.23 1.74+0.50 52.3+41.6
7 2.15+0.32 1.54+0.12 1.27+0.24 44.1+4.6
7 21 22 3
9 5—-11
Cd-F g/ Cd-U g/
15 18 25
1 13.61+7.95 0.338=+0.178
2 23.10420.93 0.300+0.163
3 10.82+12.37 0.212+0.114
20 23 Kikuchi et al. 2003 Table3
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5.5

20

5—
50
Sugita &
4
5—29

c. Cd-U (ug/day)

. A
Voo N
LY

\

A

AN 7
;
\/

Tsuchiya 1 17 7
26 Elinder
30 4—14 Kjellstrom & Nordberg
7.5 12
Tsuchiya(1995)
12.1 227 5—27 5-28
5.6
4—12
4 3 (Cd-1)
(Cd-F) (Cd-U) (Cd-B)
60 60 06 .
a. Cd-I (ug/day) b. Cd-F (ug/day) N
50 50 | 05 | I/‘
40 40 04 \s’,
30 30 03
20 20 02
10 10 r 01
0 0 0
0 2 4 6 8 10 12 14 16 0 2 4 6 8 1012 14 16 o 2
12 i—'\\\\ d. Cd-B (ug/L)/// 100 . e. Cf(\jadn_gBe((i’z)
14 - \\_,,/’/ o0 |
12
80
70 -
60
02
0.0 50
0 2 4 6 8 1012 14 16 18 0 2 4 6 8 1012 14 16 18 (Day)
5.7 (MT)
MT
MT-
2
MT-I II
Cd-MT
MT

17

4 6 8

MT-

10 12 14 16 (Day)

/n

MT-IV
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MT

6.1

6.1.1

50 mg/m3

6.1.2

1940 50

6.2

6.2.1

Friberg

40

0.05 mg/m’

16 mg/L

6.1

18

MT

8.6 mg/m3

6.1.1—1

5 mg/m3
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6.2.1—1

40,000
62.1—2 62.1-3
6.2.1—4 %TRP
8
62.1-5 62.1—6
Jarup 30ug/ T0ug/ ( 70kg PTWI
) 1% %
5% 17%
6.2.1—7 Flanagan
20ng/mL
5=5
Tsukahara 1,482
1,190
10g/100mL 20ng/mL 37 10g/100mL
20ng/mL 388 10g/100mL
20ng/mL 765
36 280
al-MG B2-MG
6.2.1-8
6.2.1-9
804 8.5
12.3
RBP CC16S
N-acetyl-B-d-glucosaminidase NAG
RBP CC16S NAG
5 1 10 1

B2-MG

19
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Cr

6.2.2

6.2.2.1

&4

6.2.2—2

Cd 0.5 ng/L
8
50
100 mg/L
B2-MG
B
1 B
2 mg/L
30 ug/L 5
%TRP  80%
%TRP  80%
pH

%TRP  80%
23mEq/L

20

He/g
1976
%TRP
622—1 1976
10
1 A
&)
1
B2-MG 10 mg/L RBP 4mg/L
20 mM
1
2
1 A
2 3
1 3
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6.2.2.2
1979 1984
1985 1985
622—3 622—4 1985 1996
1979 1984 1 A 3
B2-MG
B2-MG
B2-MG
MT B2-MG
6.2.2—75)
11
B2-MG
622—6 622-—7
5
B2-MG 1,000 pg/g Cr
5 1,000 pg/g Cr
1,000 pg/g Cr 5
622—38
10
B2-MG 1,000 pg/g Cr 16 B2-MG
10 2 1,000 pg/g Cr
6.2.2—9

21

1996

30



10 1989 6.22—-2
1 B 3
50 1 1 1 2 %TRP  80%
100mg/L *
+ (1)B2-MG 10mg/L
* (2)RBP 4mg/L
3) 2mg/L
“) 20mM )
(©) Gougl )
1 A 1) (1)
1/100 10% 2) 2)
4
1. 1. 1. 1.
2. 2. 2.
) (1P2-MG 1 (D 2 A3)
(@) (2)RBP 2 “4) ®) (6)
3. 2. 3. 7 8) ©)]
3. 1) 3.
2 (M 2)
€) “
5) Na, K, Ca, Cl (6)
(7
®) (PH,
4. X
S.
6.
mg/dL mg/L

22
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6.2.2.3

3 /24

MT

B2-MG

60

NAG

0.61

in vivo

50

622—12

6.2.2—13

622—10
(surrogate)

6.2.2—11

RBP

NAG

NAG

B2-MG

B2-MG

23

B2-MG «l-MG

B2-MG

B2-MG
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NAG

/L

B2-MG

B2-MG

B2-MG

99.9%
0.1%

B2-MG

720 360p /g Cr

B2-MG

B2-MG

6.2.3

6.2.3.1

ng/g Cr

B2-MG

10,000pg/L (
)

1,000pg/g Cr

85

B2-MG

B2-MG

2

80 360p

6.2.2.2

24

B2-MG

B2-MG

300 400p /g Cr

B2-MG
B2-MG

B2-MG

0.5 2.0

80

6.2.1—-7

160 80 pg/ Cr 360

6.22—14

0.5

360 1

1.0 g

B2-MG

5,000 20,000ug/g Cr

6.2.2—15

B2-MG

1,000
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B2-MG
6.2.3—1

1,25-

D 25- D 125-

D B2-MG 10%
21 13

6.2.3—=2
25- D

1,25- D GFR

1,25- D

11

6.23-3

%TRP

25 5 20 15

B2-MG

6.2.3—4 B2-MG

NAG RBP

6.2.3—6

6.23—7 623-—8

908

6.23—5

49 50
86

6.2.3—9 40 88

it

; 2.87%x1.72 pg/g Cr 55 60
60
Body Mass Index BMI

40 88

25
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6.2.3.2

Hyperosteoidosis

1993

85%

6.2.3—10

cadmium-induced renal tubular osteomalacia
6.23—11
623—12 623—13 6.23—14
623—15 6.2.3—16

6.2.3—17
6.2.4

6.2.4.1

6.2.4.2

43

26
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75% 50% 25%

6.2.4—1
72 17
1988 1994
><
FVC %FEV,
6.2.5
6.2.5—1
119 Cd/Zn
6.2.5-3
2,308
6.2.5—5
6.22-2

1977 Kagamimori

27

FVC %FEV, FVC

FVC %FEV,
X
16,024
BMI ( )
FEV,
6.2.4—2
0.1 Spg/mL
187
6.2.5-2
Beevers
6.2.5—4
40 471

6.2.5—6 6.25—7
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6.2.5—6

6.2.5—8
6.2.6
DNA IARC
DNA
MT
3,025
5%
6.2.6—1 1947 1975
1 926 2000
SMR 559 4 0.7 SMR 111
45 40.7 SMR 116 9 7.5
National Institute for Occupational Safety and Health
6.2.6—2
6.2.6—3
Arisawa 2001
SIR
p2-MG 1,000 pg/g Cr 1,000 pg/g Cr
71 95%CIl 44 107 103 95%CI 41 212 58 95%
CI 32 97 6.2.6—4
IARC
1993 IARC

28
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2A

6.2.6—5
6.2.7
SMR 6.2.7—1
6.2.7—2
62.7—3 6.2.7
—18
6.2.7—6 34
1.6 62.7—7
10 mg/dL 10
30 mg/dL 30 mg/dL 2
6.2.7—9
1981
1982 3,178 9 B2-MG
1,000pg/g Cr
SMR
129.5 95%CI 104.0 155.0 146.0 95%CI 121.5 170.6
SMR 78.0 (95% CI 67.1 88.9)
772 (95% CI 64.5 89.9) Cox
14 1.8
6.2.7—11 B2-MG 300 pg/g Cr 300 1,000 pg/g
Cr 1,000 10,000 pg/g Cr 10,000 pg/g Cr 4
300 pg/g Cr 1
1.27 1.47 1.69 1.58 2.04 243 B2-MG
62.7—11
6.2.7—19
B2-MG SMR
6.2.7—13
15 62.7—14
20 6.2.7—15 9
5 pg/g Cr 5 10
10 pg/g Cr 3 5 ng/g Cr 5 10 10 30 30pg/gCr 4
5 ng/g Cr 5 pg/g Cr
1.14 95%CI 094 139 145 95%CI 1.12 1.87 1.26 95%CI

0.98 1.39 1.55 95%CI 1.12 1.87 1.89 95%CI 120 2.96

SMR 40 22,429
40 92 275 7

B2-MG 1,000 pg/g Cr SMR 147 (95%
Cl 76 256) 135 95%CI 94 188 1,000 pg/g Cr

29
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67 95%CI 46 94

15
SMR
5 ng/g Cr
6.2.8
6.2.8—1
80
6.2.1
8 Wistar
ng/kg 1 2
6.2.8—2
ICI-182,780
0.5 5 ng/kg 12
35
HSD11p2
6.2.8—4
Mason 1990

30

65 95%CI 39 103
6.2.7—18

42

1970

6.2.8—2 6.2.8—3

10

28
5 nglkg

ICI-182,780

17

6.2.8—3
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-5

1988 1989 83
138
24

lpg/g Cr

6.2.8—6

7.1 TARC
IARC

7.2 JECFA
16 JECFA 1972

30mg/kg 25 50 mg/kg

1
1pg/kg /

33 JECFA 1989
PTWI Tug/kg /

41 JECFA 1993
33 JECFA

55 JECFA 2000
PTWI

PTWI Jarup

31

6.2.8

Gennart 1992

74 70
6.94ng/g Cr
7—1
7—2
200mg/kg
50 100 mg/kg
1 5%
0.005% 1
50mg/kg
PTWI 400 500pg/ /
7-3
7—4
7—=5
17%
2.5ng/g Cr
Jarup 6.2.1—-7
10% 100%
2.5ug/g Cr
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60kg 1 0.5ug / kg
Jarup
PTWI  7ug/kg /

~
ug/g Cr x1.2 gCr/
X
25 pg/gCr x12 gCr/
+60 kg
10 % x 100 %
0.5ug/kg /
J
61 JECFA 2003 7—6
2.5ng/g Cr
PTWI
PTWI
Jarup 6.2.1—7
11
11 1 2
(%) 12
9
B2-MG 5 Scand ] Work Environ Health, 1998 24  suppl 1 p27
NAG best guess 11
2.5ug/g Cr
0% OSCAR
OSCAR
Ipg/g Cr 10%
11 lpg/g Cr
2 %

32
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

11 Scand J Work Environ Health, 1998 24

suppl 1 p27

Cd  (mg/kg) U-Cd ( png/9)
<50 <25 0
51-60 275 1
61-70 3.25 2
71-80 3.75 3
81-90 4.25 5
91-100 475 6
101-110 5.25 8
111-120 5.75 10
121-130 6.25 12
131-140 6.75 14
151-160 7.25 17
161-170 7.75 20
171-180 8.25 23
181-190 8.75 26
191-200 9.25 30
200< 10.25< 35<
5 B2-MG
B2-MG
5 p2-MG
100 ﬁgannuﬂ pop, 35-, Nordberg al al {1§!ﬂ
90 g + genetal pop, 20-80, Buchel ot al (1550)
o BO o n::;:;;r:r Pop. 20-80, lomales, Nogawa el al
é ‘5_' 70 o r a.peneral pop, 20-B0, males, MNogawa ol al (1975)
s =§ 60 o o workers, young, Chia ol al {1892)
g E 50 - ] xworkess, Buchel el al (1980)
- g 40 = x % workers, Bernard i al (1990)
T o o & +workers, Roels el el [1993)
a E 30 ° g ;ﬂ o workors, prev exp, Efinder el al {1985)
20 ' ﬂ-ﬂ - & workers, :gn' <60, Jirup el al (1955)
10. ' ;'"E' - . Dwedkers, age 260, JSrup ol al [1995)
D +——Orrrrii , —r——r
0.1 1 10 100 | PV Pop-

Urine cadmium (pg Cd/g crealiﬁine]

33

B2-microglobulinuria p2-MG
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Friberg 180mg/kg 9.0ug/g Cr
10%

70ug/ %
SOug/g
S50pg/
6 Scand ] Work Environ Health, 1998 24  suppl 1 p42
50mg/kg
6 18%

7 Scand J Work Environ health, 1998 24 suppl 1 p13-42

6 50mg/kg

i
[=]
&

"[—— % above 50 mg Cd/kg)

/ —— calculated prev of
e bl renal ellecl

Fe
o
&

(%]
[=]
ol

i

Prevalence (%)

20% A

10% /

0% ]

0 10 20 30 40 50 60 70
Average kidney cadmium (mg Cdrkg)

R

34



01NN AW~

W W W NN NN NN NDNDNIND = = /= = === = = =
N — O 0 00 I NN DA WN — O Voo JI N AW~ OO

1%

JECFA PTWI ) 7%

17%
7
=18%
=5 "'
£16% ~>
S14% —
o e

S12% - yig -
210% =& .K
u— . PR ]
;‘E 8% — T 17 ’/L
~ B% = o -
E Eo(a., " f’ ﬁ’vffé
c 4% — é""f
a rFl - -
T oy 2 =1
g8 P
- 0% =

0 10 20 30 40 50 60 70

Average Intake ol cadmium in food {na/day)

35

30ug/
5%
Tong/  ( 70kg

30ug/

= = = women with emply kron
sloras

~—— ~"high risk groups

— smokers ._ _ . ... .

— general populalion

= = nonsmolers




12 5 B2-MG
B2MG %
0-2pg/L 4.9
35 Nordberg et al. 1997 2-5ug/L 9.0
Biological monitoring of cadmium exposure and 23 Le -
gical me 8 of posure 247 5-10pg/L 229 0.8mg/g Cr
renal effects in a population group residing in a 247
polluted area in China. 7-7 10-20ug/L 23.7
>20ug/L 50.8
402 0-0.51pg/24h 3.0
20-80 Buchet etal. 1990
407 0.52-0.89ug/24h 5.0 o
Renal effects of cadmium body burden of the general e/ 283ug/24h p2MG %
population. 78 401 0.90-1.40ug/24h 6.5
404 1.41-8.00ug/24h 7.0
26 0-4.9ug/g cr 39
36 5.0-9.9pg/g cr 38
20-80 Nogawa etal. 1979 36 10.0-14.9pg/g cr 222
A Study of the Relationship between Cadmium 37 15-19.9ug/g cr 27.0 p—
Concentrations in Urine and Renal Effects of 45 20.0-24.9ug/g cr 51.1
Cadmium — 7-9 30 25.0-29.9ug/g cr 70.0
39 30.0-39.9pug/g cr 79.5
47 40.0pg/g cr 85.1
29 0-4.9ug/g cr 0
48 5.0-9.9pg/g cr 16.7
20-80 Nogawa etal. 1979 45 10.0-14.9pg/g cr 46.7
A Study of the Relationship between Cadmium
Concentrations in Urine and Renal Effects of bl 15-19-9ng/g er 76.0 Sme/l
Cadmium 7-9 49 20.0-24.9pg/g cr 69.4
21 25.0-29.9ug/g cr 95.2
29 30.0pg/g cr 93.1
122 1.15pg/g cr 4.6
Chiactal. 1992 <ug/ger 0
Renal Tubular Function of Cadmium Exposed 2-5ug/g cr 0 phadezym beta-2-
Workers 7-10 97 5-10pg/g cr 0 micro test
10png/g cr 4.2
Buchet et al. 1980 88 “2nglger 5
Assessment of Renal Function of Workers Exposed 84 2-9.9g/g cr 5 0.2mg/g Cr B2MG %
to Inorganic Lead, Cadmium or Mercury Vapor 34 10-19.9ug/g cr 15 : &
71 30 10pg/g cr 42
61 <2pg/g cr 0
25 2-5ug/g cr 0 o
Bernard ctal. 1990 712 0.324mggcr  |PPMG %
15 5-10pug/g cr 0
15 >10pg/g cr 27
Roelsetal. 1993 43 <2pg/g cr 5
Markers of early renal changes induced by industrial B2MG %
pollutants.  Application to workers exposed to 30 2-10ug/g cr 10 279ug/e Cr
cadmium 7-13 7 10pg/g cr 28
2ug/g cr 7
2- Spg/ger 25
Elinder et al. l9lSS ) ) 5. 10uglger 33
Assessment of renal function in workers previously 60 0.3mg/g Cr
exposured tocadmium 7-14 10- 1Sug/ger 80
>15ng/g cr 91
All 40
. 124 <lnmole/mmoleg cr 0.8
60 Jarup etal. 1994
Dose-Response Relations Between Urinary 101 1-<3nmole/mmoleg cr 1.1
. L . 25pug/mmole Cr
Cadmium and Tubular Proteinuria in Cadmium- 37 3-<5nmole/mmoleg cr 10.8 223ug/g Cr
Expos:dl\sNorkers 38 5-<10nmole/mmoleg cr 13.2
) 9 10+nmole/mmoleg cr 333
. 9 <Inmole/mmoleg cr 0
60 Jarup etal. 1994
Dose-Response Relations Between Urinary 20 1-<3nmole/mmoleg cr 10.0 25ua/mmole Cr
Cadmium and Tubular Proteinuria in Cadmium- 21 3-<5nmole/mmoleg cr 38.1 HZgZ3uyg Cr
Expos:dl\sNorkers 18 5-<10nmole/mmoleg cr 66.7
17 10+nmole/mmoleg cr 58.8

Inmole/mmoleg cr  Iug/gcr

36
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23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

7.3 WHO 7—16 7—17
JECFA 5% 1 0.005%
50mg/kg
1 Ipgkg PTWI 1989
Tug/kg / 1993 2000

JECFA PTWI 10%

0.003mg/L
7.4 U.S EPA
7.4.1 RfD
U.S EPA 200ug /g
NOAEL 200pg /g
0.01%
2.5%
5% NOAEL 0.005mg/kg /
0.01mg/kg / NOAEL 0.005mg/kg
/ 10 0.0005 mg/kg / RfD
0.001 mg/kg / RfD 7—18
(Critical Effect) UF MF RfD
NOAEL(water): 10 1 0.0005
0.005 mg/kg / mg/kg /
NOAEL(food): 10 1 0.001
0.01 mg/kg / mg/kg /

U.S EPA, 1985. Drinking water Criteria Document on Cadmium. Office of Drinking Water,
Washington,D.C

7.4.2
U.S EPA Bl

1950

37
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8.1

8.1.1

8.14
IARC
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8.2

61 JECFA

8.2.1

8.2.1.1

Cd-MT

100%

Jarup

Cd-MT

39

2.5ug/g Cr
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Jarup

8.2.1.2
TDS
8.2.2
RBP B2-MG ol-MG NAG
B2-MG
NAG
NAG
p2-MG
5 10 B2-MG
1,000ug/g Cr 10
B2-MG 6.22—8 6.22-9
B2-MG 1,000ug/g Cr
SMR 6.2.7—11 6.2.7
—14 62.7—15 62.6—5 62.7—18 1,000pg/g Cr

B2-MG
1,000ug/g Cr

1,000pg/g Cr

40
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823

8.2.3.1
B2-MG Ikeda 2003
B2-MG 12
B2-MG
10 12pg/g Cr
B2-MG 8—1 8
Ikeda 2005 B2-MG
1,000pg/g Cr B2-MG
8 9ug/g Cr B2-MG
4pg/g Cr 8§—2 9
Gamo 2006
B2-MG B2-MG
B2-MG p2-MG 1,000pg/g Cr
B2-MG
2 3pg/g Cr
8—3
8 B2-MG
250000 ZHO000
[A] Women [B] Men
200000 |- — 200000 — _
L ]
TJ‘ 150000 - _,E
§ §
= ©
S %
o 100000
50000 |-
a in 20 an 40
CdU (pglg e
o A

41
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9 B2-MG

5,000 T . T T T T
. (]
[ ]
~ 4,000 | . . . -
o - .
2 n .
b E,Dﬂﬂ = ’: -: 7
E.-" % L n
2 - -
z ,'L'IUEI : L] . N, . L .
S 1,000 e s
od - - L ] = J ™ -
2a) ' ..:.I.. .
. - hd h‘. ]
1 1 1 L 1 L
0 5 10 15 20 25 30 35
Cd-U (ug/g cr)
e Ikedaetal., 2005 217
m Jkeda et al., 2003 44
8.2.3.2
Nogawa 1850 294
B2-MG
1,480 6,625mg 1,483 6,620mg
B2-MG 1,000pg/g Cr  B2-MG
50 2-MG 5% 2.0g
8—4 2.0g
50 53.3kg 14.4pg/kg / 2.0g=+50
+365 +53.3kg><7
Horiguchi 4
10 1 JECFA PTWI 7pg/kg
/) 30 1,381
11
10 1980 1999
0.4pg/g
11 (JA) >

42
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50%

15png/
TDS "
3.51pg/kg !/ ( ) 4.23pg/kg
!/ ( ) 0.86pg/kg I ( ) 243ug/kg ! ( )
2.27ug/kg ! ( ) 6.72ug/kg /I ( )
17.9%( ) 29.8%( ) JECFA PTWI 7ugkg /
9
B2-MG al-MG
8—5
- 0.5
15pg/
8.2.33 16 JECFA
16 JECFA
200mg/kg 1
5% 1 0.005% 1
1ug/kg /
50mg/kg PTWI Tug/kg /
1/3
80 53.3kg
5% 1 0%
S0mg/kg
JECFA PTWI
13.5ug/kg / 200mg/kg
80 53.3kg 5% 1
0%
54.0p9/kg /
4 I
JECFA PTWI
(mg/kg)x7
* (kg)
1/3% X ( )x365
- J

12

43
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9 JECFA  PTWI

District A |
District 8 186 |
District C 175
District D 130
District E 279
1 1 1 |
0% 20% 40% 80% 80% 100%
1 7p9/kg /
m  7pg/kg /
District A |1 201
District B 196 |
District C 180
District D 164
Disfrict E 382
L 1 ]
0% B0% 80% 100%
0 7pg/kg /
m  7pg/kg /
8.2.34
13
Ikeda Gamo 2-MG
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8.3

8.4

U.

S EPA JECFA

Nogawa Horiguchi
Nogawa
50 2.0g B2-MG 1,000pg/g Cr
B2-MG 5% 14.4pg/kg /
Horiguchi
JECFA PTWI 7ng/kg /
Tug/kg /
14.4pg/kg / Tug/kg /
10 1990 1999 289ug/ / 53.3kg 3.8ug/kg
/ 4—19
TDS 2004 21.4pg/ / 53.3kg 2.8ug/kg / 4
—20
7 12
3.47ug/kg / 2.93ug/kg / 95
7.33ug/kg / 4—21
JECFA PTWI 7ug/kg /
8—6 8—7
5—5 8-—8 Tsukahara
al-MG B2-MG

45
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JECFA

6.2.1—8

PTWI

46

7ug/kg

/



13

ng/kg /
. 200png/g

(1985) 2.5% 0.01% 700

200mg/kg
( 16 1972) 1 5% 1 0% 80 540
Ikeda _ 10 12pg/gCr
(2003) B2-MG 10% 100% 173
[“1%98%")“3 |32-M<35% 1,000149/9Cr B2-MG 50 20g 14.4

50mg/kg 135
( 16 1972) 1 5% 1 0% 80
Ikeda _ B2-MG 1,000png/gCr 8 9ug/gCr
(2005) B2-MG 10% 100% 134
Horiguchi

7.0
(2004) T0ugke 7
. NOAEL 0.0lmg/kg  /
(1985) RfD( 7.0
Ikeda _ 4ng/gCr
(2005) B2-MG 10% 100% 63
Gamo B2-MG 1,000pg/gCr B2-MG 2 3pg/gCr 39
(2007) 10% 100% ’
Jarup 2.5ng/gCr
(1998) 0% 10% 100% 35
JECFA Jéarup 53.3kg Jarup 60.0kg
JECFA PTWI
(ng’kg /) (mg/kg) = 1/3 = + ()=365 = (kg) <7
Jarup
(ng/kg /) (ng/g Cr) x 1.2(gCr/ )+ + (kg) x 7

47




—
OO0 NPk~ W —

LW NN NN NN/ === === = —
— O 000 I P WN—R,OOVOIANWN A WN—

PTWI

TDS

al-MG al
B2-MG B2
RBP

NAG N-acetyl-B-D-glucosaminidase
MT

Cd

Cd-MT

Ni-Cd

BMI

%TRP

FVC

FEV1

%FEV1

RfD

NOAEL

CI

SMR

SIR

WHO

IARC

JECFA FAO/WHO
U.S EPA

48



0 NN N kAW

1—-1
2-2
3—3
3—4
3—5
3—6
3—17
3—8
3—9
3—10
3—11
3—12
3—13
3—14
3—15
3—16

Oki.,ed(2001) Encyclopedic dictionary of chemistry, 1st, TOKYO KAGAKU
DOJIN, 453-454.

Wilson B.(1988a) Investigation of trace metals in the aqueous
environment: Final report( January 1986-December 1987), Houston, Texas
Southern University, p.28( Report No.DOE/CH/10255-T1, prepared for the
US Department of Energy, Washington).

GESAMP(1984) IMO/FAO/UNESCO/WMO/IAEA/UN/UNEP Joint Group of
Experts on the Scientific Aspects of Marine Population: Report of the
Fourteeth Session, Vienna,26-30 March, 1984, Vienna, International
Atomic Energy Agency(Reports and Studies No.21).
GESAMP(1987)IMO/FAO/UNESCO/WMO/IAEA/UN/UNEP Joint Group of
Experts on the Scientific Aspects of Marine Population: Report of the
Seventeeth Session, Rome, Geneva, World Health Organization(Reports
and Studies No.31).

Nriagu J.0. Global inventory of natural and anthropogenic emissions of
trace metals to the atmosphere.Nature(Lond.), 1979; 279: 409-411.

Boyle E.A., Sclater F. & Edmond J.M. On the marine geochemistry of
cadmium. Nature(Lond.), 1976; 263: 42-44.

Martin J.H. & Broenkow W.W. Cadmium in plankton:elevated
concentrations off Baja California. Science, 1975; 190: 884-885.

Simpson W.R. A critical review of cadmium in the marine environment.
Prog. Oceanog., 1981; 10: 1-70.

Forstner U. Cadmium in the environment, Part In: Nriagu,J.O., ed.
Cadmium in polluted sediments, New York, Chichester, John Wiley &
Sons, 1980  305-363.

Sangster B., De Groot G., Loeber J.G., Derks H.J.G.M., Krajnc E.I. &
Savelkoul T.J.F. Urinary excretion of cadmium, protein,
beta-2-microglobulin and glucose in individuals living in a
cadmium-polluted area. Hum. Toxicol., 1984; 3: 7-21.

Yamagata,N. & Shigematsu,l., Cadmium pollution in perspective. Bull.
Inst. Public Health Tokyo , 19, 1970: 18-24.

Tsuchiya K., ed(1978) Cadmium studies in Japan: a review, Amsterdam,
Oxford, New York, Elsevier Science Publishers, 376pp.

Alloway,B.J., Thornton,I., Smart,G.A, Sherlock,J.C., & Quinn,M.d.

Metal availability. Sci. total Environ, 75(1988)41-69.

Lund,L.J., Betty, E.E., Page, A.L.,&Elliott, R.A. Occurrence of naturally
high Cadmium levels in soils and its accumulation by vegetation.
J.environ.Qual., 1981; 10: 551-556.

Davis,R.D. & Coker,E.G. 1980 Cadmium in agriculture, with special
reference to the utilization of sewage sludge on land, Medmenham, United
Kingdom, Water Reseach Centre Technical Report TR/139

Bryan,G.W., Langston,W.J., & Hummerstone,L.G. The use of biological
indicators of heavy-metal contamination in estuaries with special
reference to an assessment of the biological availability of metals in
estuarine sediments from south-west Britain, Citadal Hill, Devon, Marine

49



0NN L AW~

A DA D DS DD DS DS DS D WL WLWLWWUW WLWLWULWDERNDNDNDDNDDNDDNDDNDDNDNDIDNDRFE R = s = = =
O 00 I O N A W —m OV JIAANWUNMPA WNNFRO WOV IONWMPAWNDR, OOV WUM B WND—ONO

3—17
3—18
3—19
3—20
3—21
3—22
4—1
4—2
4—3
4—4
4—5
4—6
4—17
4—8
4—9
4—10
4—11

Biological Association of the United Kingdom, (1980)73 pp Occasional
Publication No.1 .
Nielsen S.A. Cadmium in New Zealand dredge oysters: geographic
distribution. Int. J. environ. Anal. Chem., 1975; 4: 1-7.
Buchet,J.P., Lauwerys,R., Vandevoorde,A., & Pycke J.M. Oral daily intake
of cadmium, lead manganese, copper, chromium, mercury, calcium, zinc,
and arsenic in Bergium. Food chem. Toxicol., 1983; 21: 19-24.
Martin J.H. Elliott P.D., Anderlini V.C., Girvin D., Jacobs S.A., Risebrough
R.W., Delong R.L.. & Gilmartin W.G. Mercury -selenium-bromine
imbalance in premature parturient California sea lions. Mar. Biol., 1976;
35:91-104.
Stoneburner D.L. Heavy metals in tissues of stranded short-finned pilot
whales. Sci. total Environ., 1978; 9: 293-297.
Nicolson J.K. & Osborn DKidney lesions in pelagic seabirds with high
tissue levels of cadmium and mercury. J.Zool.Lond., 1983; 200: 88-118.
MARC 1986 Biological monitoring of environmental contaminants
plants , London, Monitoring and Assessment Research Centre, Chelsea
College, University of London, 247 pp MARC Report Number 32

Peplow D., Edmonds R. Health risks associated with contamination
of groundwater by abandoned mines near Twisp in Okanogan County,
Washington, USA. Environ. Geochem. Health. 2004; 26(1): 69-79.
Lee J.S., Chon H.T., Kim K.W. Human risk assessment of As, Cd, Cu and
Zn in the abandoned metal mine site. Environ Geochem Health. 2005;
27(2): 185-191.
2002

2003
Wolink K.A., Fricke F.L., Caper S.G., Braude G.L., Meyer M.W., Satzger
R.D. & Bonnin E. Elements in major raw agricultural crops in the United
States. 1. Cadmium and lead in lettuce, peanuts, potatoes, soybeans, sweet
corn, and wheat. J. Agric. Food Chem. 1983; 31: 1240-1244.
Wolink K.A., Fricke F.L., Caper S.G., Meyer M.W., Satzger R.D., Bonnin E.
& Gaston C.M. Elements in major raw agricultural crops in the United
States. 3. Cadmium, lead, and eleven other elements in carrots, field corn,
onion, rice, spinach, and tomatoes. J. Agric. Food Chem. 1985; 33: 807-811.
Bucke,D., Norton,M.G., & Rolfe,M.S. 1983 Field assessment of effects of
dumping wastes at sea: []. Epidermal lesions and abnormalities of fish in
the outer Thames estuary, London, Ministry of Agriculture, Fisheries and
Food, 29 pp Technical Report No.72
Varo P., Nuurtamo M., Saari E., Koivistoinen P.Mineral element
composition of Finnish Foods. Acta Agric. Scand. 1980: 22: Suppl: 127-139.
Jorhem,L., Mattson,P., & Slorach,S. Lead, cadmium, zinc and certain other
metals in foods on the Swedish market. Var Féda, 36: Suppl. 3 1984
Andersen,A. 1979 [Lead, cadmium, copper and zic in the Danish diet],
Copenhargen, Statens Levendsmiddelinstitut, 89 pp, Report No.40 n
Danish
RIVM 1988 In: Ros,J.P.M. & Sloof,W., ed. Integrated criteria document
cadmium, Bilthoven, The Netherlands, National Institute of Public Health

50



0NN L AW~

DN A PR DDA DBDMDPAEPRADWWWLWLWLWLWLWLWLWWWRNDNDDNNDMNDNDNDRNDNIN & /= =
O OO0 NN WN KW, O OVWONINWNDID WNNER, OOV PRA WNRL,OWOVOIONWUVPBEWND—O\VO

4—12
4—13
4—14
4—15
4—16
4—17
4—18
4—19
4—20
4—21
4—22
5—1
5—2
5—3
5—4
5—5
5—6

and Environmental Protection RIVM-Report No.758476004
WHO 1992 Cadmium, Environmental Health Criteria 134.

Friberg L, Piscator M, Nordberg G, Kjellstrom T. Cadmium in the
environment, 2nd ed. Cleveland(OH): CRC Press, 1974
Elinder C. G., Kjellstréom T., Friberg L., Lind L., Linnman L. Cadmium in
kidney cortex, liver, and pancreas from swedish autopsies. Arch. Environ.
Health. 1976; 31: 292-302.
Elinder C. G., Kjellstrom T, Lind B, Linnman L, Piscator M, Sundstedt K.
Cadmium exposure from smoking cigaretters: variations with time and
country where purchased. Environ Res 1983; 32: 220-227.
Friberg L, Vanter M. Assessment of exposure to lead and cadmium through
biological monitoring: results of a UNEP/WHO global stady. Stockholm:
National Swedish Institute of Environmental medicine and Department of
Environmental Hygiene, Karolinska Institute 1982. Environ Res 1983; 30:
95-128
Bensryd 1., Rylander L., Hogstedt B., Aprea P., Bratt I, Fahraeus C, et al.
Effect of acid precipation on retention and excretion of elements in man.
Sci .Total. Environ. 1994; 145: 81-102.
Nilsson U, Schutz A, Skerfving S, Mattsson S. Cadmium in kidneys in
Swedes measured in vivo using X-ray fluorescence analysis. Int. Arch.
Occup. Environ. Health. 1995; 67: 405-11.

2000
1977 1999
Bull.

Natl. Inst. Health Sci., 2005; 123; 1-11.

16 3

15
2004 66-112.

Horiguchi H., Oguma E., Sasaki S., Miyamoto K., Ikeda Y., Machida M.,
Kayama F. Comprehensive study of the effects of age, iron deficiency,
diabetes mellitus, and cadmium burden on dietary cadmium absorption in
cadmium-exposed female Japanese farmers. Toxicol. Appl. Pharmacol.
2004; 196(1): 114-23.

Bunker V. W., Lawson M. S., Delves H. T., Delves H.T., Clayton B. E. The
intake and excretion of lead and cadmium by the elderly!3. Am. J. Clin.
Nutr. 1984 ; 39: 803-808.

Vanderpool R. A. Reeves P. G. Cadmium absorption in women fed
processed edible sunflower kernels labeled with a stable isotope of
cadmium, 113Cd. Environ. Research Section A 2001 ; 87: 69-80.

Suzuki S. Lu C. C. A balance study of cadmium —An estimation of daily
input, output and retained amount in two subjects. Industrial Health.
1976 ; 14 : 53-65.

Flanagan P. R., McLellan J. S., Haist J., Cherian G., Chamberlain M. J.,
Valberg L. S.. Increased Dietary cadmium absorption in mice and human
subjects with iron defficiency. Gastroenterology 1978 ; 74 : 841-846.
McLellan J. S., Flanagan P. R., Chamberlain M. J., Velberg L. S..

51



0NN LN AW

5—17

5—8

5—9

5—10
5—11
5—12
5—13
5—14
5—15
5—16
5—17
5—18
5—19
5—20
5—21

Measurement of dietary cadmium absorption in humans. J. Toxicol.
Environ. Health 1978 ; 4 : 131-138.

Newton D., Johnson P., Lally A. E., Pentreath R. J., Swift D. J. The uptake
by man of cadmium ingested in crab meat. Human Toxicol. 1984 ; 3 : 23-28.
Berglund M., Akesson A., Nermell B., Vahter M. Intestinal absorption of
dietary cadmium in women depends on body iron stores and fiber intake.
Environ. Health Perspect. 1994 ; 102 : 1058-1066.

Vahter M., Berglund M., Nermell B. and Akesson A. Bioavailability of
Cadmium from Shellfish and Mixed Diet in Women. Toxicol. Appl.
Pharmacol. 1996 : 136 : 332-341.

Crews H. M., Owen L. M., Langfoed N., Fairweather-Tait S. J., Fox T. E.,
Hubbard L., Phillips D. Use of the stable isotope 106Cd for studying dietary
cadmium absorption in humans. Toxicol. Lett. 2000 ; 112-113 : 201-207.
Kikuchi Y., Nomiyama T., Kumagai N., Dekio F., Uemura T., Takebayashi
T., Nishiwaki Y., Matsumoto Y., Sano Y., Hosoda K., Watanabe S., Sakurai
H and Omae K. Uptake of Cadmium in Meals from the Digestive Tract of
Young Non-smoking Japanese Female Volunteers. Journal of Occupation
Health 2003 ; 45 : 43-52.

Zalups R. K., Ahmad S. Molecular handling of cadmium in transporting
epithelia. Toxicol. Appl. Pharmacol. 2003 ;186(3):163-88. Review.

30 2 50

Elinder C.G. Normal values for cadmium in human tissues, blood, and
urine in different countries. In: Friberg L., Elinder C.G., Kjellstrom T.,
Nordberg G.F. eds. Cadmium and health: A toxicological and
epidemomiological appraisal. vol I. CRC Press Inc. 1985: 81-102.

Yoshida M., Ohta H., Yamauchi Y., Seki Y,. Sagi M., Yamazaki K., and
Sumi Y. Age-Dependent Changes in Metallothionein Levels in Liver and
Kidney of the Japanese. Biological Trace Element Research 1998 ; 63 :
167-175.

Orlowski C.  Piotrowski J.K. Biological levels of cadmium and zinc in the
small intestine of non-occupationally exposed human subjects. Human
Experimental Toxicology 2003 ; 22: 57-63.

Satarug S., Baker J.R., Reilly P. B., Moore M. R. and Williams D. J.
Cadmium Levels in the Lung, Liver, Kidney Cortex, and Urine Samples
from Australians without Occupational Exposure to Metals. Archives of
Environmental Health 2002 ; 57(1) : 69-77.

Garcia F., Ortega A., Domingo J. L. and Corbella J. Accumulation of Metals
in Autopsy Tissues of Subjects Living in Tarragona County, Spain. J.
Environ. SCI. Health 2001 ; A36(9) : 1767-1786.

Torra M., To-Figueras J., Rodamilans M., Brunet M. and Corbella J.
Cadmium and zinc relationships in the liver and kidney of humans
exposed to environmental cadmium. The Science of the Total Environment
1995; 170 : 53-57.

Tiran B., Karpf E. and Tiran A. Age dependency of selenium and cadmium
content in human liver, kidney, and thyroid. Arch. Environ.Health 1995 ;
50(3) : 242-246.

Takacs S Tatar. Trace Elements in the Enviroment and in Human
Organs: Analysis according to domicile and sex. Z.gesamte Hyg.. 1991; 37:
Heft2: 53-55.

52



0NN LB W~

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

6.1

Nogawa K, Honda R, Yamada Y, Kido T, Tsuritani I, Ishizaki M, and
Yamaya H. Critical Concentration of Cadmium in Kidney Cortex of
Humans Exposed to Environmental Cadmium. Environmental Research .
1986; 40: 251-260.

Sumino K, Hayakawa K, Shibata T, Kitamura S. Heavy Metals in Normal
Japanese Tissues. Arch Environ Health. 1975; Vol. 30: 487-494.

Tsuchiya K. Cadmium in human urine, feces, blood, hair, organs, and
tissues. In: Tsuchiya K. ed. Cadmium studies in Japan: A review.
Kodansha 1td. 1978. pp 37-43.

Tati M, Katagiri Y, Kawai M. Urinary and fecal excretion of cadmium in
normal Japanese: An approach to non-toxic levels of cadmium.”In: Effects
and Dose-Response Relationships of Toxic Metals.(G.F. Nordberg,
ed.)Amsterdam: Elsevier Scientific Publishing Co. pp.331-342,(1976).
Tsuchiya K. Proteinuria of Cadmium Workers. J. Occup. Med. 1976 : 18 :
463-466.

Sugita M. Tsuchiya K. Estimation of Variation among Individuals of
Biological Half-Tome of Cadmium Calculated from Accumulation Data.
Environmental Research 1995 : 68 : 31-37.

Kjellstrom T. Nordberg G. F. A kinetic model of cadmium metabolism in
the human being. Environ. Res. 1978 : 16 : 248-269.

Nomiyama T., Kikuchi Y., Kumagai N., Dekio F., Uemura T., Hosoda K.,
Sakurai H. and Omae K. Short-term in Cadmium in Feces, Blood and
Urine after Dietary Cadmium Intake in Young Japanese Female. J.Occup.
Health 2002 ; 44 : 429-432.

6.1.1—1 ) (2002 ). 2002; 44:

6.2

6.2.1

140-164.

6.2.1—1 Friberg L. Health hazards in the manufacture of alkaline accumulators

with special reference to chronic cadmium poisoning. Acta Med. Scand.
1950; Suppl. 240: 1-124.

6.2.1 — 2 Adams R.G., Harrison J.F., Scott P. The development of

cadmium-induced proteinuria, impaired renal function, and
osteomalacia in alkaline battery workers. Q. J. Med. 1969; 38:
425-443.

6.2.1—3 Kazantzis G.. Renal tubular dysfunction and abnormalities of calcium

metabolism in cadmium workers. Environ. Health Perspect. 1979; 28:
155-159.

6.2.1—4 . . 1971; 65° 15-42.
6.2.1—5 . . 1969

366-394 1969

6.2.1—6 Aoshima K. Environmental cadmium pollution and its health effects

on inhabitants in Japan. Jinzu River basin: Clinical findings in Itai-itai
disease. [n Advances in the Prevention of Environmental Cadmium
Pollutiion and Countermeasures, 13-19, Nogawa K, Kurachi M,
Kasuya M. (Eds.), Eiko Laboratory, Kanazawa, 1999.

6.2.1—7 Jarup L, Berglund M, Elinder CG, Nordberg G, Vahter M. Health

53



0NN bW~

—_ e = =
B WN~O O

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

6.2.1—8
6.2.1-9
6.2.2
6.2.2—1
6.2.2—2
6.2.2—3
6.2.2—4
6.2.2—5
6.2.2—6
6.2.2—17
6.2.2—8
6.2.2—9
6.2.2—10
6.2.2—11
6.2.2—12

effects of cadmium exposure-a review of the literature and a risk
estimate. Scand J Work Environ Health. 1998; 24: Suppl 1:1-51.
Scand J Work Environ Health 1998 :240 .
Tsukahara T, Ezaki T, Moriguchi J, Furuki K, Fukui Y, Ukai H, Okamoto S,
Sakurai H, Ikeda M. No significant effect of iron deficiency on cadmium body
burden or kidney dysfunction among women in the general population in Japan.
Int Arch Occup Environ Health, 76, 275-281, 2003b.
de Burbure C, Buchet JP, Leroyer A, Nisse C, Haguenoer JM, Mutti A,
Smerhovsky Z, Cikrt M, Trzcinka-Ochocka M, Razniewska G,
Jakubowski M, Bernard A. Renal and neurologic effects of cadmium,
lead, mercury, and arsenic in children: evidence of early effects and
multiple interactions at environmental exposure levels. Environ
Health Perspect. 114: 584-590, 2006.

13 ”»

1983 pp. 119-126.

1989 ; 56:69-345.
14 3
15 7

Tohyama C., Shaikh Z.A., Nogawa K., Kobayashi E., and Honda R.
Urinary metallothionein as a new index of renal dysfunction in
"Ttai-Itai" disease patients and other Japanese women environmentally
exposed to cadmium. Arch. Toxicol, 50: 159-166, (1982)

1998 53 545-557.

Cai Y., Aoshima K., Katoh T., Teranishi H., Kasuya M.. Renal
tubular dysfunction in male inhabitants of a cadmium-polluted area in
Toyama, Japan—an eleven-year follow-up study. J. Epidemiol. 2001;
11: 180-189.

Kido T., Honda R., Tsuritani I., Yamaya H., Ishizaki M., Yamada Y.,
Nogawa K. Progress of renal dysfunction in inhabitants
environmentally exposed to cadmium. Arch. Environ. Health. 1988; 43:
213-217.

Iwata K., Saito H., Moriyama M., Nakano A. Renal tubular function
after reduction of environmental cadmium exposure: a ten-year
follow-up. Arch. Environ. Health. 1993; 48: 157-163.

Ellis KdJ., Yasumura S., Vartsky D., Cohn SH., Evaluation of biological
indicators of body burden of cadmium in humans. Fundamental &
Applied Toxicol. 3: 169-174 (1983) .

Kjellstrém T. Exposure and accumulation of cadmium in populations
from Japan, the United States, and Sweden. Environ. Health Perspet.
1979; 28: 169-197.

2 Cd
1982; 29: 201-207.(6-112 )

54



0 1 ON B W

6.2.2—13

6.2.2—14

6.2.2—15

6.2.3
6.2.3—1

6.2.3—2

6.2.3—3

6.2.3—4

6.2.3—5

6.2.3—6

6.2.3—7

6.2.3—8

6.2.3—9

6.2.3—10
6.2.3—11

Silensen and Kasiske, Laboratory assessment of kidney disease, The
Kidney, Ed. B. M. Brenner pp.1127-1128. 2004

[13 ”»

pp. 115-119 1999

7 1978
pp.85-99.

. 1988; 43: 864-871.

D —
34
1993; 47: 1009-1020.
Takebayashi S., Jimi S., Segawa M., Kiyoshi Y. Cadmium induces
osteomalacia mediated by proximal tubular atrophy and disturbances
of phosphate reabsorption. A study of 11 autopsies. Pathol. Res. Pract.
2000; 196: 653-663.

. . 1991; 58: 205-211.
Kido T., Nogawa K., Yamada Y., Honda R., Tsuritani I., Ishizaki M.,
Yamaya H. Osteopenia in inhabitants with renal dysfunction induced
by exposure to environmental cadmium. Int. Arch. Occup. Environ.
Health 1989; 61: 271-276.
Kido T., Honda R., Tsuritani I., Ishizaki M., Yamada Y., Nakagawa H.,
Nogawa K., Dohi Y. Serum levels of bone Gla-protein in inhabitants
exposed to environmental cadmium. Arch. Environ. Health. 1991; 46:
43-49.

. Cd
- - 1991; 58: 161-165.

1 . . 1993; 60:
130-135.
Honda R., Tsuritani I., Noborisaka Y., Suzuki H., Ishizaki M., Yamada
Y. Urinary cadmium excretion is correlated with calcaneal bone mass
in Japanese women living in an urban area. Environ Res. 2003; 91:
63-70.
. 1983; 1: 26-32

55



1 . 1978; 73: 838-848.
2 6.2.3 — 12 Bhattacharyya M.H., Whelton, B.D., Stern P.H., Peterson D.P.
3 Cadmium accelerates bone loss in ovariectomized mice and fetal rat
4 limb bones in culture. Proc. Natl. Acad. Sci. USA. 1988; 85: 8761-8765.
5 6.2.3—13 Miyahara T., Takata M., Mori-uchi S., Miyata M., Nagai M., Sugure
6 A., Matsushita M., Kozuka H., Kuze S. Stimulative effects of cadmium
7 on bone resorption in neonatal parietal bone resorption. Toxicology
8 1992; 73: 93-99.
9 6.2.3—14 Ogoshi K., Nanzai Y., Moriyama T. Decrease in bone strength of
10 cadmium-treated young and old rats. Arch. Toxicol. 1992; 66: 315—-320.
11 6.2.3—15 Alfvén T., Elinder C.G., Carlsson M.D., Grubb A., Hellstrom L.,
12 Persson B., Pettersson C., Spang G., Schiitz, A., Jarup, L. Low-level
13 cadmium exposure and osteoporosis. J. Bone Miner. Res. 2000;15 :
14 1579-1586.
15 6.2.3—16 Staessen J.A., Roels H.A., Emelianov D., Kuznetsova T., Thijs L.,
16 Vangronsveld J., Fagard R. Eenvironmental exposure to cadmium,
17 forearm bone density, and risk of fractures: prospective population
18 study. Lancet 1999; 353: 1140-1144.
19 6.2.3—17 Horiguchi H., Oguma E., Sasaki S., Miyamoto K., Ikeda Y., Machida
20 M., Kayama F. Environmental exposure to cadmium at a level
21 insufficient to induce renal tubular dysfunction does not affect bone
22 density among female Japanese farmers. Environ Res. 2005; 97: 83-92.
23
24 6.2.4
25 6.2.4—1 Sakurai H., Omae K., Toyama T., Higashi T., Nakadate T.
26 Cross-sectional study of pulmonary function in cadmium alloy workers.
27 Scand. J. Work Environ. Health 1982; 8: 122-130.
28 6.2.4—2 Mannino D.M., Holguin F., Greves H.M., Savage-Brown A., Stock A.L,.
29 Jones R.L. Urinary cadmium levels predict lower lung function in
30 current and former smokers: data from the Third National Health and
31 Nutrition examination Survey Thorax 2004; 59: 194-198.
32
33 6.2.5
34 6.2.5—1 .
35 . 2002; 57 556-563.
36 6.2.56—2  Schroeder HA. Cadmium as a factor in hypertension. J Chron Dis.
37 1965; 18: 647-656.
38 6.25—3 Glauser SC, Bello CT, Glauser EM. Blood-cadmium levels in
39 normotensives and untreated hypertensive humans. Lancet 1976; 1:
40 717-718.
41 6.2.5—4 Beevers DG, Campbell BC, Goldberg A, Moore MR, Hawthorne VM.
42 Blood-cadmium in hypertensives and normotensives. Lancet 1976; 2:
43 1222-1224..
44 6.2.56—5 .
45 1969; 3: 357-363.
46 6.2.5—6 .
47 . 1977; 41: 44-52.
48 6.2.5—17 Kagamimori S., Naruse Y., Fujita T., Watanabe M., Nishino H.,
49 Shinmura T. Factors associated with blood pressure in females with
50 heavy exposure to cadmium. Bull. Environ. Contam. Toxic. 1985; 35:

56



0NN N bW~

N N DN NN = = m = = e e e e
AW N —= OOV IN N WD —O O

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

6.2.5—8
6.2.6
6.2.6—1

6.2.6—2

6.2.6—3

6.2.6—4

6.2.6—5
6.2.7

6.2.7—1

6.2.7—2

6.2.7—3

6.2.7—4

6.2.7—5

6.2.7—6

6.2.7—17

6.2.7—8

386-392.

1988 43  949-955.

Sorahan T, Esmen NA. Lung cancer mortality in UK nickel-cadmium
battery  workers, 1947-2000. Occup Environ Med. 2004
Feb;61(2):108-16.

Stayner L, Smith R, Thun M, Schnorr T, Lemen R. A quantitative
assessment of lung cancer risk and occupational cadmium exposure.
TARC Sci Publ 1992; 118: 447-455.

Lamm SH, Parkinson M, Anderson M, Taylor W. Determinants of lung
cancer risk among cadmium exposed workers. Ann Epidemiol 1992; 2:
195-211.

Arisawa K, Nakano A, Saito H, Liu X-J, Yokoo M, Soda M, Koba T,
Takahashi T, Kinoshita K. Mortality and cancer incidence among a
population previously exposed to environmental cadmium. Int Arch
Occup Environ Health 74, 255-262, 2001.

b ki

. 2002; 57 547-55.

1980 46 (Part 2):1-71.

1982 48 :118-138.

Iwata K., Saito H., Nakano A. Association between cadmium-induced
renal dysfunction and mortality: further evidence. Tohoku J. Exp.
Med. 1991; 164: 319-330.

Iwata K., Saito H., Moriyama M., Nakano A. Association between
renal tubular dysfunction and mortality among residents in a
cadmium-polluted area, Nagasaki Japan. Tohoku J. Exp. Med. 1991
164: 93-102.

Iwata, K., Saito H., Moriyama M., Nakano A. Follow up study of
renal tubular dysfunction and mortality in residents of an area
polluted with cadmium. Br. J. Ind. Med. 1992; 49: 736-737.

Kawano S., Nakagawa H., Okumura Y., Tsujikawa K. A mortality
study of patients with itai-itai disease. Environ. Res. 1986; 40: 98-102.
Nakagawa, H., Tabata M, Morikawa, Y., Senma M, Kitagawa Y,
Kawano, S., Kido T. High mortality and shortened life-span in patients
with itai-itai disease and subjects with suspected disease. Arch
Environ Health 1990 45:283-287.

Kobayashi E, Okubo Y, Suwazono Y, Kido T. Nishijo M, Nakagawa H,
Nogawa K Assosiation between total cadmium intake calculated
from the cadmium concentration in household rice and mortality

57



0 N1 AN W AW

DN A A BB PAEDDPDSDPBA D WWLWWWLWLWLWWERDNDNDNDNDNDNDDNDNDN P = P s
O O 0 N AWM P WN = OV ITANNDWND—R, O VWO N WNR, OOV WM P WND —= OO

6.2.7—9

6.2.7—10
6.2.7—11
6.2.7—12
6.2.7—13
6.2.7—14
6.2.7—15
6.2.7—16
6.2.7—17
6.2.7—18
6.2.7—19

6.2.8
6.2.8—1

among inhabitans of the cadmium-polluted Jinzu River basin of
Japan. Toxicology Lett 2002 129:85-91.

Matsuda T, Kobayashi E, Okubo Y, Suwazono Y, Kido T. Nishijo M,
Nakagawa H, Nogawa K  Assosiation between renal dysfunction and
mortality among inhabitans in the region around Jinzu River basin
polluted by cadmium. Environ. Res. 2002 88:156-163.

15

2005 69 149-164.
Nakagawa, H., Nishijo, M., Morikawa, Y., Tabata, M., Senma, M.,
Kitagawa, Y., Kawano, S., Ishizaki, M., Sugita, N., Nishi, M., Kido, T.,
Nogawa, K., 1993. Urinary B2-microglobulin concentration and
mortality in a cadmium-polluted area. Arch. Environ. Health 48,
428-435.
Nakagawa H, Nishijo M, Morikawa Y, Tabata M, Miura K, Kawano S,
Nishi M, Kido T, Nogawa K Changes of mortality among inhabitants in
a cadmium polluted area. Metal ions in biology and medicine, vol.4,
(Eds) Collery Ph, et al. p608-610, John Libbery Eurotext, Paris, 1996.
Nakagawa, H., Nishijo, M., Morikawa, Y., Tabata, M., Miura, K.,
Takahara, H., Okumura, Y., Yoshita, K., Kawano, K., Nishi, M., Kido,
T., Nogawa K. Increased urinary f2-microglobulin and motality rate
by cause of death in a cadmium-polluted area.  Environ. Health Prev.
Med. 1, 144-148(1996b).

15
1999 65:76-79.

15

2004.
Nishijo, M., Nakagawa, H Morikawa, Y., Tabata, M., Senma M.,
Miura, K., Takahara H., Kawano, S., Nishi, M., Mizukoshi, K.,
Kido, T., Nogawa, K., 1995. Mortality of inhabitants in an area
polluted by cadmium: 15 year follow up. Occup. Environ. Med. 52,
181-184.
Saito H, Iwata K, Moriyama M. Mortality rate among
Cadmium (Cd)-exposed inhabitants was significantly higher than the
entire Japanese population [letter]. Arch Environ Health 1996; 51:
471-473.

. 2002 68 313-321.
Nishijo, M., Nakagawa, H Morikawa, Y., Tabata, M., Senma, M.,
Kitagawa, Y., Kawano, S., Sugita, N., Nishi, M., Kido, T., Nogawa, K.,
1994. Prognostic factors of renal dysfunction induced by
environmental cadmium pollution. Environ. Res. 64, 112-121.

Viaene, M.K., Masschelein, R., Leenders, J., De Groof, M., Swerts, L.J.,
Roels, H.A. Neurobehavioural effects of occupational exposure to
cadmium: a cross sectional epidemiological study. Occup Environ

58



0NN N kW~

DA B DD BEAEDNDPADRSDPD D WL WWLWLWLWLWLWLWWNDNDDNDNDDNDNDDNDNDDNDDN /. = o =
OO 0O IANWUN PB WP OOV I A WN—L,OWOVWIDNWUMPEAWNRFROOVUIONWNPKAWND— OO

Med. 57, 19-27, 2000.

6.2.8—2 Martin, M. B., Voeller, H. J., Gelmann, E. P., Lu, J., Stoica, E.G.,

Hebert, E.J., Reiter, R., Singh, B., Danielsen, M., Pentecost, E., Stoica,
A. Role of cadmium in the regulation of AR gene expression and
activity. Endocrinology. 143: 263-275, 2002.

6.2.8—3 Johnson, M.D., Kenney, N., Stoica, A., Hilakivi-Clarke, L., Singh, B.,

Chepko, G., Clarke, R., Sholler, P.F., Lirio, A.A., Foss, C., Reiter, R.,
Trock, B., Paik, S., Martin, M.B. Cadmium mimics the in vivo effects of
estrogen in the uterus and mammary gland. Nat Med. 9,1081-1084,
2003.

6.2.8—4 Yang K, Julan L, Rubio F, Sharma A, Guan H. Cadmium reduces 11

B-hydroxysteroid dehydrogenase type 2 activity and expression in
human placental trophoblast cells. Am J Physiol Endocrinol Metab.
290(1): E135-E142, 2006.

6.2.8—5 Mason HdJ. Occupational cadmium exposure and testicular endocrine

function. Hum Exp Toxicol 1990; 9: 91-94.

6.2.8—6 Gennart JP, Buchet JP, Roles H, Ghyselen P, Ceulemans E, Lauwerys

7T—1

R. Fertility of male workers exposed to cadmium, lead, or manganese.
Am J Epidemiol 1992; 135: 1208-1219.

IARC, IARC Monographs on the Evaluation of Carcinogenic Risks to
Humans, VOL. 58, 1993, p119.
JECFA, EVALUATION OF CERTAIN FOOD ADDITIVES AND

THE CONTAMINANTS MACURY, LEAD, AND CADMIUM: Sixteenth
Report of the Joint FAO/WHO Expert Committee on Food Additives, 1972,
p20-p24.
JECFA, EVALUATION OF CERTAIN FOOD ADDITIVES AND
CONTAMINANTS: Thirty-third Report of the Joint FAO/WHO Expert
Committee on Food Additives, 1989, p28-p31.
JECFA, EVALUATION OF CERTAIN FOOD ADDITIVES AND
CONTAMINANTS: Forty-first Report of the Joint FAO/WHO Expert
Committee on Food Additives 1993, p28-p30.
JECFA, EVALUATION OF CERTAIN FOOD ADDITIVES AND
CONTAMINANTS: Fifty-fifth Report of the Joint FAO/WHO Expert
Committee on Food Additives, 2001, p61-p69.

JECFA, EVALUATION OF CERTAIN FOOD ADDITIVES AND
CONTAMINANTS: Sixty-first Report of the Joint FAO/WHO Expert
Committee on Food Additives, 2004, p127-p132.

Nordberg G.F., Jin T., Kong Q., Ye T., Cai S., Wang Z., Zhuang F., Wu X.
Biological monitoring of cadmium exposure and renal effects in a
population group residing in a polluted area in China. Sci. Total Environ.
1997; 199(1-2):111-114.

Buchet JP, Lauwerys R, Roels H, Bernard A, Bruaux P, Claeys F, Ducoffre
G, De Plaen P, Staessen J, Amery A, Lijnen P, Thijs L, Rondia D, Sartor F,
Saint Remy A, Nick L. Renal effects of cadmium body burden of the
general population. Lancet 1990; 336: 699 -702.

Nogawa K, Kobayashi E, Honda R, A study of the relation-ship between
Cadmium concentrations in urine and renal effects of cadmium, Environ
Health Perspect 1979; 28: 161-168.

59



0 NN DN AW~

7—10
7—11
7—12
7T—13
7—14
7—15
7—16
7T—17
7—18
8—1
8§—2
8§—3
8—4
8—5
8—6

Chia KS, Tan AL, Chia SE, Ong CN, Jeyaratnam J. Rernal tubular
function of cadmium exposed workers. Ann Acad Med Singapore 1992; 21:
756-759.
Buchet JP, Roels H, Bernard A, Lauwerys R. Assessment of renal function
of workers exposed to inorganic lead, Cadmium or Mercury Vapor, J Occup
Med 1980; 22: 741-3.
Bernard A.M, Roels H, Cardenas A, Lauwerys R. Assessment of urinary
protein 1 and transferring as early markers of cadmium nephrotoxicity.
British Journal of Industrial Medicine 1990; 47: 559-565.
Roels H, Bernard AM, Cardenas A, Buchet JP, Lauwerys RR, Hotter G,
Ramis I,Mutti A, Franchini I, Bundschuh I, Stolte H, De Broe ME, Nuyts
GD, Taylor SA, Price RG. Markers of early renal changes induced by
industrial pollutants, :application to workers exposed to cadmium. Br J
Ind Med 1993; 50: 37-48.
Elinder CG, Edling C, Lindberg E, Kadgedal B, Vesterberg O. Assessment of
renal function in workers previously exposed to cadmium. Br J Ind Med
1985; 42: 754-760.
Jarup L, Elinder CG. Dose-response relations between urinary cadmium
and tubular proteinuria in cadmium exposed workers. Am J Ind Med 1994;
26: 759 -769.
WHO, Guidelines for Drinking Water Quality, Second edition( ),
VOL.2, 1997, p178-p183.

WHO, Guidelines for Drinking Water Quality, Third edition, 2004,
p317-p319.
U.S EPA, Drinking water Criteria Document on Cadmium, 1985.

Ikeda M., Ezaki T., Tsukahara T., Moriguchi J., Furuki K., Fukui Y., Ukai
H., Okamoto S. Sakurai H. Threshold levels of urinary cadmium in
relation to increases in urinary B2-microglobulin among general Japanese
populations. Toxicol. Lett. 2003;137:135-141.

Ikeda M, Ezaki T, Moriguchi J, Fukui Y, Ukai H, Okamoto S, Sakurai H.
The Threshold Cadmium Level That Causes a Substantial Increase in
B2-Microglobulin in Urine of General Populations. Tohoku J. Exp. Med.,
2005,205, 247-261.

Gamo M, Ono K, Nakanishi J. Meta-analysis for deriving age- and
gender-specific dose-response relationships between urinary cadmium
concentration and B2-microglobulinuria under environmental exposure.
Environmental Research 101 (2006) 104-112.

Nogawa K, Honda R, Kido T, Tsuritani I, Yamada Y, Ishizaki M, Yamaya
H. A Dose-Response Analysis of Cadmium in the General Environment
with Special Reference to Total Cadmium Intake Limit. Environ Res. 1989;
48, 7-16
Horiguchi H., Oguma E., Sasaki S., Miyamoto K., Ikeda Y., Machida M.,
Kayama F. Dietary exposure to cadmium at close to the current
provisional tolerable weekly intake dose not affect renal function among
female Japanese farmers. Environ Res. 2004 May; 95 (1): 20-31.
Goyer,R.A., Nutrition and metal toxicity2, Am.J.Clin.Nutr 1995; 61(Suppl):
646s5-650s.
Goyer,R.A., Toxic and essential metal interactions. Annu.Rev. Nutr. 1997.

60



17:37-50.
8—8 Vahter M, Berglund M, Akesson A, Lidén C., Metals and women’s health.
Environ Res (section A) 88, 145-155 (2002).

61



