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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% !
320.8 765
1/200
1817
1920
2
PVC
3.1
0.1mg/kg
15mg/kg }
1 5
500 >
_ o 6
6,7
g
3.2
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9,10

33
15 pH
pH 7.7
total cadmium level
soluble cadmium, 0.04%
soluble cadmium 4%
34

50km

13,14

pH

16

8mg/kg

| %

19,20,21

13

Shipham

pH

22

5
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4.1

4.1.1

4.2

4.2.1

0-5pg/L

WHO
1-298ug/L
Peplow D, Edmonds R.,2004
230mg/kg 2.5mg/kg
246ug/L 161pg/L

Lee JS, 2005

422

2003

Wolnik et al., 1983, 1985

Shipham

7.3 WHO

2002
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a,b

mg/kg

37,250
381
462

14
329
101
108

88
103

23

31
103
123

31
101
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
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.01

.017

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.02

.20

.01

.30 1
.10
.01
.20
.03
.02
.02
.01
.03
.60
.09

(op]

©
o o

O U1 O OO0 OO OO0 OO0 O0OO0ODO0ODO0ODO0ODO0ODO0ODO0OO0ODO0OOO0OOO0ODOOO0O OO

P O O OO Ww oo

47
.66
.03
.49
.011
.056
.08
.07
.08
.012
.33
.23
.04
.05
A7
.05
.04
.02
.011
.04
.02
.04
.03
.05
.07
.03
.07
.60
.51
.00
.68
.10
.50
.77
.14
.17
.07

.00
.90
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15 0.01 0.04
10 0.17 1.10
15 < 0.01 0.03
30 < 0.01 0.29
30 0.09 1.90
35 0.01 0.41
30 0.02 0.17
15 0.79 3.50
30 0.04 0.48
15 2.30 23.00
45 0.02 0.57
45 0.02 0.34
6 0.05 0.21
a 2002
b 2003
ng/kg
a b c
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 , > Koivistoinen 1980 , ¢ Jorthemetal. 1984
¢ Andersen 1979 , ° RIVM 1988
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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

ng/kg

Shipham 250 ° 680 130
Walsall 73 190 103
Heathrow 24 180 150

* WHO (1992) Cadmium, Environmental Health Criteria 134.

b
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43
43
43.1
1-2ug 10%
Friberg L et al., 1974 50%
Elinder et al., 1976 1 20
1-2ug
4-5 2-3 Elinder
C Getal.,, 1976, Vahter M et al., 1982, Bensryd I et al., 1994, Nilsson U et al., 1995
4.3.2
432.1 —
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%
2000
TDS
2004 21.4ng/ / 50kg 3.0pg/kg / 43%
, 2005
4322
TDS -
TDS 1.15 ng/kg /
8 ng/kg / PTWI
0.44pug/kg / TDS
. (TDS)
13 530
17 15 12 3
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,2004
4323
PTWI
PTWI
o S0y Lo Lopelen [ 000
Country Method of Estimates (ug Reference
sampling® cadmium per day)
Areas of normal exposure
Belgium D 15 Buchet et al. (1983)
Finland M 13 Koivistoinen (1980)
Japan D 31 Yamagata & lwashima (1975)
Japan D 48 Suzuki & Lu (1976)
Japan D 49 Ushio & Doguchi (1977)
Japan D 35 Iwao (1977)
Japan M 49 Ohmomo & Sumiya (1981)
Japan
(mean of 3 areas) D 59 Iwao et al. (1981a)
Japan D 43.9 (males) Watanabe et al. (1985)
37.0 (females)
New Zealand D 21 Guthrie & Robinson (1977)
Sweden D 10 Wester (1974)
Sweden M 17 Kjellstrom (1977)
United Kingdom M, D 10-20 Walters & Sherlock (1981)
USA M 41 Mahaffey et al. (1975)
Areas of elevated exposure
Japan M 211-245 Japan Public Health
Japan D 180-391 Association (1970)
Japan
(mean of 3 areas) D 136 Iwao et al. (1981a)
United Kingdom M 36 Sherlock et al. (1983)
United Kingdom D 29 Sherlock et al. (1983)
USA D 33 Spencer et al. (1979)

2 M - Sample of foodstuffs individually analysed; market basket method
D - Duplicate portion study
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2-8%
30% Suzuki et al., 1976
MT
1/3 1/4 1/4
0.01% Cd MT
100
6.1
1940-50
6.2
RBP B2-
2-MG) al- al-MG N-acetyl-B-D-glucosaminidase NAG
1971
%TRP
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1969 Aoshima 1999

IARC, 1993

1978

Horiguchi et.al., 2005

2002)
Martin et al., 2002; Johnson et al., 2003
HSD11B2
(Yang et al., 2006)
7.1 IARC
IARC
2A
IARC, 1987
IARC, 1993
7.2 JECFA
16 JECFA 1972
200mg/kg
30mg/kg
25-50 mg/kg 50-100 mg/kg
1 5% 1
0.005% 1 1ug/kg /
50mg/kg
PTWI 400-500pg/ /
33 JECFA 1989
PTWI Tug/kg /

41 JECFA 1993

10
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39
40
41
42
43
44
45
46
47
48

33 JECFA
55 JECFA 2000

PTWI 17%
PTWI Jéarup et al.
2.5ug/g Cr
Jérup et al.
10% 100%
2.5ug/g Cr 1
0.5ug / kg
(pg/gCr) > 12(gCr/ )
>
Jérup et al. PTWI
Tug/kg /
61 JECFA 2003
2.5ug/g
Cr
PTWI
PTWI
Jarup
5 1
5 1 2
(%)
9 B2-MG
1 Scand J Work Environ Health, 1998 24 suppl 1 p27 NAG
best guess 5
2.5ug/g Cr 0%
OSCAR
OSCAR Ipg/g Cr
10% 1
- o 1ug/g Cr
2-7%

11
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10

12
13
14
15
16
17
18
19
20
21
22
23

_ 5 Scand J Work Environ Health, 1998 24  suppl 1 p27

Cd  (mg/kg) U-Cd ( ng/g)
<50 <25 0
51-60 2.75 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<

_ Friberg
180mg/kg 9.0ug/g Cr 10%
70ug/
%
S0ug/g 50ug/ —pARisk
Characterization 1314

11111111111111111 TO—1T4

Scand J Work Environ health, 1998 24  suppl 1 p42 o
Scand J Work Environ health,
1998 24 suppl 1 p13-42
30pg/kg 1%
5%
70ug/kg ( 70kg PTWI ) %
17%

30ug/

12



O 00 9 N Lt AW

10

11
12
13
14

B2-MG

100 [ ganaral pap, EE-..MId'I:m; ol al {1957}
80 2 & general pop, 20-80, Bucha! ef & (1960}
BOD . opemetsl pop, 20-60, hmahs. Mopawa el 21
G2 25 Y A naral pop, 20-80, males, Nogawa el al (1579)
-: E (3] ° - » woikeis, young, Chia et al [1042)
ETIB 50 fi xworkers, Buchet st al {1800)
"‘% & . s workors, Samard o al (T80}
E; E 4‘:’ ° -] & - -+ WorHels, ankuﬂﬂumj
A E 3&_ o a iﬂ owodkmee, prav axp, Elinder el &l {1965)
20 . EE o workare, aga <50, i ef ol [1695) . ]
i0. p _i v E:ﬂ;: " | |owotkers, ags 260, Jarwp el ot 1995
I} -—'rﬂ-l—l-rr'lﬁ'r — T T .
0.1 1 10 100"

Urine cadmium (ug Cd/g creatinine)

50mg/kg

BZLMG_
- L Prev.
Pop.

an%h

T0%

(%

|— ¢ ahove 50 mg Gd/kg

® 50%

nc

D 0% —y

/[

—— calculated prev of
renal ellect

Preval
[}
=]
®
]

P

20% /

0%

-.-__“__-'__,-I—"

1 50mg/kg

rl!'.f- =]
o 10 20 30 40 ) 50 &0
Average kidney cadmium {mg Cdfkg}

13

70
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Ho# HBRY RephrEs L EIMGOREE®N) |  Hvhdoil i #
O-2pg/L 49
— R (35MLLE) . Nordberg et al. (1997) o FE253 -5uell 2.0
Biclogical mm:utuﬁng of ca dmiuim CXDOlSLIIrh ?nd hERER47 S10pg/L 229 08mg/g er
renal effects in a population group residing in a EmE
polluted area in China 10-20u g/L 23.7
2201 g/l 508
402 0-0.51 it g/24h 3.0
— 3%  (20-804%) . Buchet et al (1990) 407 0.52-0.89 ¢ g/24h 5.0 B IMGOREE (%) £
Renal effects of cadmium body burden of the 283 g/24h 57 YA AT
general pogulation 401 0.90-1.40 ¢ g/24h 6.5 z =
404 1.41-8.00 4 g/24h 1.0
26 0-49pue'ger a8
36 50-99u¢g/gor a8
36 10.0-14.9 222
— 3t (20-804) . Nogawa et al. (1979) e
A Study of the Relationship between Cadmium a7 15-198pug/ger 210 Sme/L
Concentrations in Urine and Renal Effects of 45 20.0-24.9 1 g/'g cr 51.1
Cadmium
a0 250-298 pg/g er 70.0
a9 300-399 ug'g er 79.5
47 2400 g/g er 851
29 0-49 pg/g cr 0
48 5.0-88¢g/g or 167
— 4% B4 (20-804%) . Nogawa et al. (1979) 45 10.0-14.9 1 g/g or 4.7
A Study of the Relationship between Cadmium
Concentrations in Urine and Renal Effects of 25 109 g g 760 el
Cadmium 49 200-240 pg'g er 69.4
21 250-299 ig/g cr 95.2
29 2300 g/gcr 931
o Hi22 1150 g/g er(F19) 48
W% (F4F) , Chia et al. (1992) Quglger 0
Renal Tubular Function of Cadmium Exposed 2-Spgiger o] {phadazym beta-2-
Workers a7 5104/ or 0 micro test%H| )
Z10pg/ger 42
¥ FBa 2 pelger 5
F W3 . Buchet et al. (1980) 84 2-9.0 5
Assessment of Renal Function of Workers Exposed e 0.2mg/g er ig:‘g?jlﬁ’;ggxﬁ_n
to Inorganic Lead, Cadmium or Mercury Vapor 34 10-19.8 4 g/g or 15 z 21=.
30 =10pg/ger 42
61 L2yg/ger
25 2-Spg/ger 0 BIMGODREE (%) [E3A
M . Bernard et al. (1990) 5 sl 5 03Ume/E or | rr=— kAT
15 0ug/ger n
H#%. Roels et al. (1903) A W4 Q@uelgor 5
Markers of early renal changes induced by 20 PETY 10 294 g/ B 2MGMDFREE (%) (F30H
industrial pollutants. I Application to workers Helgor Helgor  |hpasTEUEAaToT,
exposed to cadmium 7 Z10ug/ger 28
S2pglger 1
-5 gfgor 25
S . Elinder et al. (1985) 5-S10pg/e or 13
Assessment of renal function in workers previously &0 - 0.3mg/g cr
exposured tocadmium 10-S15ug/ger 80
5puglger 1]
All 40
124 <Inmole/mmoleg cr 08
HWH (G0MFM) . Jarup et al (1904) 101 1-{3nmele/mmoleg o 1.1
Dose-Response Relations Between Urinary & 25 jt g/mmole cr
Cadmium and Tubudar Proteinuia in Cadmi 3 S-<himncle; mmclag o 104 (=223 4 /g er)
Exposed Workers 38 5{10nmole/mmoleg cr 13.2
] 10+nmele/mmoleg er 33.3
] <Inmole/mmoleg cr 0
F (B0 ELE) . Jarup et al (1994) 20 1-<3nmole/ mmoleg cr 100
Dose-Response Relations Between Urinary = 25 it g/mmole cr
Cadmium and Tubular Proteinuria in Cadmi 2l 9-Xmilole/iincles of i, (=223 /g or)
Exposed Workers 18 5<{10nmole/mmoleg cr 66.7
17 10+nmole/mmoleg cr 58.8

ELEGEOXEPOERIZETL

iE2: Inmole/mmoleg or = 1 i g/g cr.

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

7.3 WHO 2 3
JECFA 5% 1 0.005%
e 50mg/kg
1 Ipgkg PTWI
1989 Tug/kg / 1993 2000
PTWI  10% 0.003mg/L
7.4 U.S EPA
RfD
200ug /g —
U.S EPA, 1985 _— 200ug /g
NOAEL
0.01% U.S EPA, 1985
2.5% 5% NOAEL
200pg /g 0.005mg/kg
/ 0.01mg/kg
NOAEL 0.005mg/kg / 10 0.0005 mg/kg / RfD
0.001 mg/kg / RfD
(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
RfD
RfD
RfD
EPA Bl

16
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8.1
8.1.1

40,000
Cd-MT

WHO, 1992

17

1950

1/3
MT

100%

40,000

1971
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8.1.2

, 1978
B2-MG
1988)

85%

600g

, 1983

Arisawa et al., 2001
B2-MG 1,000 pg/g Cr

18
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0.1-5 pg/mL

Cd/Zn

Johnson et al., 2003

10 1

8.2

19

Martin et al., 2002 ;

Kaji et al.,2002
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8.2.1

8.2.1.1

Jarup

100%

61

JECFA

Cd-MT

2.5ng/g Cr
(pg/gCr) > 12(gCr/ )
x
Cd-MT

20

Jarup
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Nomiyama et al., 2002

8.2.1.2
TDS
8.2.2
RBP f2-MG ol-MG NAG
RBP f2-MG  ol-MG MT
NAG
B2-MG
NAG
NAG
B2-MG
5 10 B2-MG
1,000pg/g Cr 10 B2-MG
Kido et al.,1988, Iwata et al.,1993
pB2-MG 1,000pg/g Cr
SMR Nakagawa et al.,1993, 1999,
2004, Arisawa et al.,2001, 2002 1,000pg/g Cr
B2-MG ug/g Cr 1,000ug/g Cr
B2-MG ug/g Cr
B2-MG 1,000pg/g Cr

1,000pg/g Cr

21



O 00 0 N L AW —

e e e
0 NN L AW~ O

19
20
21
22
23
24
25
26
27
28
29

=)

raya7 s (pglg VT F

32 'i

B2-MG

8.2.3
8.2.3.1
B2-MG Ikeda
B2-MG 12 B2-MG
10-12pg/g Cr B
2-MG 10-12pg/g Cr
Ikeda et al.,2003
B2-MG
250000 250000
[ar =7 [Bl HE-F
200000 200000
’,I\T
Y 'S
150000 . /ﬁ § 150000 //
/
- 'F\ p
100000 {l\ 100000
. 5
* o
50000 50000 <7
4] ll‘) 20 30 40 o 10 20 30 40
R HCdpglg 2L 7F=1) R cdelg ZL7F =29
L J A
8.2.3.2
Nogawa 1850 294
B2-MG
1,480 6,625mg 1,483 6,620mg

22
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al.,1989
Kobayashi 1967 1984
757
SMR
2.0g PTWI
8.9ug/kg /
Horiguchi
4
)
1,381 °
5 TDS
4.23ng/kg ! ( )
I ( )
) 17.9%(
B2-MG
al.,2004
’ &)

Hk

2.27ug/kg /I (
) 29.8%( )

2.0g Nogawa et

30
2.0g 2.0g 2
SMR 2.0g
Kobayashi et al.,2002
80 53.3kg
1 JECFA PTWI 7pg/kg
30
50%
15png/
3.51ug/kg /I ( )
0.86ng/kg I ( ) 2.43pg/kg

) 6.72ug/kg /I (
JCFA PTWI 7pg/kg /
oal-MG

Horiguchi et

- 0.5%

15ug/

23
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District A

District B

District C

District O

Disirict E

JECFA  PTWI

0% 100%

Evistrict A

Distrct &

District D

District E

8.2.3.3
16

1 201

6 196

13 190

L1 L

164 |

16 JECFA
JECFA
200mg/kg 1
5% 1 0.005% 1
lug/kg /
50mg/kg PTWI Tug/kg

1/3
80 1 0%
50mg/kg
JECFA  PTWI

50mg/kg

50mg/kg+ 80 <365 =+ 1/3+ 005+  53.3kgx

24



O 00 0 N L AW N —

B A B BSA DS D DWW WW W W W W WWDN NN DNDNDRNDRNDNDND /= = e e e e
AN DN A W= O VIO WUV A WNPRO VWKW UV A WDNRO WOV B AW —=O

8.3

13.5u9/kg /
200mg/kg
80 1 0%
200mg/kg—+ 80 =365 = 1/3= 0.05—= 53.3kg><
54ug/kg /
JECFA  PTWI 7ng/kg /
8.2.3.4
10-12pug/g Cr Jarup
2.5ug/gCr 5 1
16 80
Horiguchi
JECFA PTWI 7ug/kg /
Horiguchi et al.,2004
JECFA PTWI Nogawa 16 JECFA
8.9-13.5u0/kg /
JECFA PTWI
10 1990-1999 28.9ug/
JECFA PTWI 50% 14
36.5% 24.5% 12.0% 8.1%
7.1%
2000
TDS
2004 21.4pg/ / 50kg 3.0pg/kg / 43%
, 2005
7 12 6
2004,

15
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3.47ug/kg / 2.93ug/kg
/ 95 7.33ug/kg /
JECFA PTWI 7pg/kg /

8.4
Goyer 1995, 1997
Flanagan et al., 1978; Vahter et al.,
2002 Tukahara
al-MG B2-MG
Tukahara et al.,2003
9.1
PTWI JECFA
7ug/kg /
9.2

26
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