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15 H
H
B Shipham total cadmium level
Shipham
soluble cadmium, 0.04% H 7.7
4%
soluble cadmium H 5

13

3.4

16
17

8ma/kg

18
19,20,21

22

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

2 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/FAQ/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/FAQ/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.(1979) Gloval inventory of natural and anthropogenic emissions of trace metals to
atmosphere.Nature(Lond.),279:409.

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

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

® Simpson W.R.(1981) A critical review of cadmium in the marine environment.Prog.Oceanogr.,10:1-70.

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

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

"1 YAMAGATA,H. & SHIGEMATSU,I. 1970 Cadmium pollution in perspective. Bull. Inst. Public
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Health Tokyo |, 19:18-24.

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

3 ALLOWAY, B.J., THORNTON,I., SMART,G.A, SHERLOCK,J.C., & QUINN,M.J. 1988 Metal
availability. Sci. total Environ., 308: 137-142 in German

“LUND,L.J., BETTY, E.E., PAGE, A.L.,&ELLIOTT, R.A.(1981) Occurrence of naturally high
Cadmium levels in soils and its accumulation by vegetation.J.environ.Qual.,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

*RYAN,GW., LANGSTON,W.J., & HUMMERSTONE,L.G. 1980 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, The
Marine Biological Association of the United Kingdom, 73 pp  Occasional Publication No.1

Nielsen S.A. 1975 Cadmium in New Zealand dredge oysters, geographic distribution. Int. J. environ.
Anal. Chem., 4: 1-7.

'8 Buchet,J.P., Roels,H., Lauwerys,R., Vandevoorde,A., & Pycke J.M. 1983 Oral daily intake of
cadmium, lead manganese, copper, chromium, mercury, calcium, zinc, and arsenic in Bergium. Food
chem. Toxicol., 21: 19-24

19 Martin J.H. Eliott P.D., Anderlini V.C. Girvin D., Jacobs S.A., Risebrough R.W., Delong R.L. &
Gilmartin W.G. 1976 Mercury —selenium-bromine imbalance in premature parturient California sea
lions. Mar. Biol., 35: 91-104.

20 Stoneburner D.L. 1978 Heavy metals in tissues of stranded short-finned pilot whales. Sci. total
Environ., 9: 293-297.

2! Nicolson J.K. & Osborn O 1983 Kidney lesions in pelagic seabird with high tissue levels of cadmium
and mercury. J.Zool. Lond. ,200: 88-118.

2 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

4.1

411

4.2

421

WHO
1 298ug/L 0

50/l
Peplow D, Edmonds R.,2004
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230mg/kg
246ug/L
Lee JS, 2005

2.5mg/kg

161ug/L

4.2.2
Wolnik, et al 1983, 1985
Shipham
2002 2003
Hg/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
2 Bucke 1983 , " Koivistoinen 1980 , ¢ Jorhem 1984
4 Andersen 1979 ., ¢ RIVM 1988
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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 1983, 1985

Hg/kg

Shipham 680 130
Walsall 190 103
Heathrow 180 150

# WHO(1992) Cadmium, Environmental Health Criteria 134.
b
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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
290 < 0.01 0.17
130 < 0.01 0.05
130 < 0.01 0.04
81 < 0.01 0.02
23 < 0.01 0.011
32 < 0.01 0.04
23 < 0.01 0.02
50 < 0.01 0.04
42 < 0.01 0.03
116 < 0.01 0.05
121 < 0.01 0.07
26 < 0.01 0.03
15 0.02 0.07
15 2.20 5.60
57 0.01 0.51
72 1.30 16.00
45 0.10 0.68
15 < 0.01 0.10
15 1.20 9.50
64 0.03 0.77
48 0.02 0.14
51 0.02 0.17
24 < 0.01 0.07
56 0.03 1.3
41 6.60 96.00
30 0.09 9.90
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
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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
2 2002
b 2003
4.2.3
4.3
43.1
1 2ug 10
Friberg L, et al. 1974 50%
Elinder, et al. 1976 1 20 lug
4 5 2 3 Elinder C G, et al. 1976,

Vahter M, et al. 1982, Bensryd I, et al. 1994, Nilsson U, et al. 1995

4.3.2
4321
1977 WHO Global
Environmental Monitoring System (GEMS)
8~12
10 1990 1999 28.9ug/day FAO/WHO JECFA
PTWI 50% 14
36.5% 24.5% 12.0% 8.1% 7.1%
2000
4322
TDS
TDS 1.15 pg/kg bw /day 8 ug/kg
bw/week PTWI 0.44pg/kg bw /day
, 2004
17 15 12 3
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50

4323
PTWI
PTWI
10ug/day 5 10% 20ug/day Louekari K.,1992

Lee JS, Chon HT, Kim KW. Human risk assessment of As, Cd, Cu and Zn in the abandoned metal mine
site. Environ Geochem Health. 2005 Apr;27(2):185-91.

Louekari K. Estimation of dietary intake of cadmium: reliability of methods. IARC Sci Publ.
1992;(118):163-7. Review.

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
Mar;26(1):69-79.

Puklova V, Batariova A, Cerna M, Kotlik B, Kratzer K, Melichercik J, Ruprich J, Rehurkova I,
Spevakova V. Cadmium exposure pathways in the Czech urban population. Cent Eur J Public Health.
2005 Mar;13(1):11-9.

Wolink K.A., Fricke F.L., Caper S.G, Braude G.L., Meyer M.W., Satzger R.D. & Bonnin E. 1983
Elements in major raw agricultural crops in the United States. I. Cadmium and lead in lettuce,
peanuts, potatoes, soybeans, sweet corn, and wheat. J. agric. Food Chem., 31: 1240-1244.

Wolink K.A., Fricke F.L., Caper S.G., Meyer M.W., & Satzger R.D. & Gaston C.M. 1985 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., 33: 807-811.

ANDERSEN,A. 1979 [Lead, cadmium, copper and zic in the Danish diet], Copenhargen, Statens
Levendsmiddelinstitut, 89 pp, Report No.40 in Danish

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

JORHEM,L., MATTSON,P., & SLORACH,S. 1984 Lead, cadmium, zinc and certain other metals in
foods on the Swedish market. Var Foda, 36: Suppl. 3.

KOIVISTOINEN,P. 1980 Mineral element composition of Finnish Foods: N, K, Ca, Mg, P, S, Cu, Mn,
Zn, Mo, Co, Ni, Cr, F, Se, Si, Rb, Al, B, Br, Hg, As, Cd, Pb, and Ash. Acta agric. Scand., 22: Suppl.

RIVM 1988 In: Ros,J.P.M. & Sloof,W., ed. Integrated criteria document cadmium, Bilthoven, The
Netherlands, National Institute of Public Health and Environmental Protection RIVM-Report
No0.758476004

WHO 1992 Cadmium, Environmental Health Criteria 134.

Friberg L, Piscator M, Nordberg G, Kjellstrom T. Cadmium in the environment, 2" ed.
Cleveland(OH): CRC Press,1974

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:
220-7.

Elinder C G, Kjellstrom T, Linnman L. Cadmium concentration in kidney cortex, liver, and pancreas
among autopsied Swedes. Arch Environ Health 1976; 31: 292-302.

Vahter M, editor. Assessment of human exposure to lead and cadmium through biological
monitoring. Stockholm: National Swedish Institute of Environmental medicine and Department
of Environmental Hygiene, Karolinska Institute 1982.

Bensryd I, Rylander L, Hogstedt B, Aprea P, Bratt I, Fahraeus C, et al. Effect of acid precipation
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
1997 1999
2002
2003
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5.1
R
B U
2 8%
(Cd-1)
Horiguchi et al. (2004) Cd-1
Cd-I
2
2 (divalent metal transporter
1, DMTI1) 2
DMT1
2
- (Cd-MT)
metal transport protein 1, MTP1
Cd-B Cd-U
(kernel)
(CdCly) 30% (seed) 2
(MT)
Cd-MT
0.02 40 mg/kg MT
10%
1%
5.2
Zalups R K, et al. (2003)
MT Cd- MT
MT

Cd- MT
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53
1/3 10
20 10 mg/kg 1/4
1/4
1974 1983
Elinder CG. 1985 1992 1994 Yoshida M, et al. 1998)
50 60
Cd
5.4
Cd- MT
100%
Cd-MT
0.01%
100
0.03%
67 120 mg
24 0.83 5.68%
30
55
Tsuchiya et al. (1976) one compartment model 17 7
Elinder et al. (1976) 50
one compartment model 20 50 ( 30 )
Kjellstrom & Nordberg (1978) 8 compartment model 7.5
12
Sugita & Tsuchiya (1995)
121 227
5.6
delay
5.7 (MT)
MT 4
MT- 2

10
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e
N R O

e ~ T
L3 T S )

16
17

18
19

MT- MT-IV
MT-I 1
Cd-MT MT
MT
Zn-MT
MT
9] %
Suzuki and Lu 25.44
M 2 35,37 30 48.18, 46.92 ! B Cd
(1976) 23.38
Flanagan et al. M [ 10 | 24=+11 2.6+0.6
(1978) F | 12| 29432 RI*®"cdcl, 25 75418 R e
McLellan et al. M 1 (22-29) 1Sy
14 21-61 46340
(1978) F
484117 [RI™"Cd T™°CdCl,
Ne"g%gf)t a w7 24-166 27409 | R
(29_61) 26 115mcd
Bunker et al. M -15
23 70-85 5 8.6 B Cd
(1984) F (-188-32)
Berglund et al. 34 | 3774 111442 2
Vahter et al. F 23 3684 4 16.047.1 0 B Cd
(1994  1996) 17 3779 27.8+17.6 -1
Crew et al. S1'%cq 18.81,17.84 064
F 3 32,46,51 42,40,45 u
(2000) 16.87 5
Vanderpool and 52413 | 5/™3cq 10.624.4 gl
F 14 1445, 2
Reeves(200 ) (30-70) 58 (1.6-18.3) v 21
F 25 Cd 44 -245 B |5 11 table3
239
4
. 12 Cd 46.53+7.21 (-40-31.7) 5 12 Cd 12 20
4T3, 23.7
Kikuchi et al, 6 | 208 cd s (82.569) 12 14 cd 12 20
(2003) (20-23) — YIER
12 Cd 4653721 ) 12 Cd Cd
Fol (-94-833) |
49474341 36.6
6 cd 52242068 | (.92.735) 12 14 cd cd
8 20-39 44
Horiguchi et al. 477.9%954
(2004) F 16 40-59 7 Lig/week 1 B Cd
14 60-79 -5.9
R U Cd

B
Kikuchi et al. (2003)

11




Ho/g
Orlowski, M26 0.28+0.16
Piotrowski 29 | 4213 | 5y 0.26=0.15 40-60
(2003) 0.1320.07
15.45 41 50 51 60 61 39 cdu
Satarugetal. | 1097 1998 | . | 2 89 | M43| 095 144 091 1.46 2 30000/0 Cre
(2002) 385| F18 | 013 259 | cdipe V?
225 21.3
10 cd 50
Garcia et al. M57 med 10.8 55% Cd
—+
(2001) 78] 5620 F21 max 71 U
cd
14659 24 31 50-60
T”{ggesta" 50 | 18 80 86443 15 167 cd
0.982-050 0.32 232
135 225
Tiran et al. 60 M33| 041 247 cd 40 60
(1995)* Styria 25 87 | F27 1.26 Cd 40 70
0
0-1, 2-20, 21-40, 41-60,
39.6+358 61-95 cd 061, 841,
) 1992 1994 2.05:+1.84 333, 60.8, 52.3 cd 01,
Yosa‘ggge)t al 55| 0 o5 | VB3 MT 394438 465 116,268,199  Cd 0.05,
MT 1914340 112,229, 1.88, 3.55
MT 2504313 MT 2
60
Ha/g nmol/g a/q 1nmol=112.4ng
(Tsuchiya K. 1978)
table 3-28
g g D/W" (%) ppm ppm Hy/
1 15.236.25 65.65-2563 24322467 1262067 03320.18 1942157
05
19 271141184 117.014-6051 2501555 1362045 0362018  36.0%17.7
22 24
1 19.884 6,00 848823039 25104537 1212029 0324012 250108
22 24
33.35 13453 25.03 119 0.34 452
54 26.63 112.70 24.30 1.33 033 345

Tsuchiya et al. 1976B
=+

/

12
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Cd-F _pag/ Cd-U_ pig/

15 18 25
1 13.6147.95 338178
2 23.10=420.93 3004163
3 10.82412.37 2124114
20 23 Kikuchi et al. 2003 Table3

(Horiguchi et al. 2004

80
. A
60 |
9
< 40}
c
2
B
o 20
124
2
©
3 °r
A
[~}
@ 20 | )
£  y|= -1.4008x + 80.125 *" o
R? = 0.4471 °
-40 | o b
-60 . : : !
0 20 40 60 80

Age

13
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(Cd-I)

«———« Norway  o——0 Yugoslavia

14

50 50
o o
4 “Fr
30 30
oo ° [
3 20 3 20
§ 10 § 10
g o . o & ¢
° o
-10 -10
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Balance (%) = 0.51Cd-l1  0.49 Age + 6.76 (R*> = 0.597, R?* = 0.496)
50 50
o o
4 4
30 30
oo ) (]
3 20 3 20
g 10 g 10
2 ®e ° ° 2 gt e o
L] L]
-10 -10
o °
-20 =20
-30 - - - - - - - g -30 - - - - g
10 20 30 40 50 60 70 80 0 20 40 60 80 100
Cd-1 Age
Balance (%) =0.33Cd-I  0.66 Age + 23.88 (R2 = 0.732, R2* = 0.656)
1000
Cd
100 . e o .---. L L -
140 ) e * ., . se .
Elinder CG. 1985 4 0 . = 4
7 .
1 . Yoshida M, et al. 1998
120 ( )
0.1
r=0.740
100 0.01 Renal cortex p<0.001
% 0.001 1 T T T T T T Y T T )|
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H 35
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a. Cd-l (ug/day) b. Cd-F (ug/day) A c. Cd-U(ug/day)
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(Nomiyama T, et al. 2002 )

70 1

60

02 r
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6.2
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6.2.1.1

17



© 00 N Ol b WN -

GO EDDAEDDAEDIDDDLEDDWWWWWWWWWWNRNNRONNNMNNNONNNMNEERRRERRRREPR P
PO O©OMNOUTRNWOWMNROOONNODOABROMNRPLPOOONODTARWONRPRPDODOONOOUDWNEPRO

6.21.1.1
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2 1 B

RBP 4mg/L
mM 30 ug/L
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%TRP 80%

3 %TRP  80%

10 mg/L

6.2.1.1.2
1979
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1979 1984

p2-
1998 Cai et al., 2001
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%TRP

23mEg/L
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1984
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1,000 pg/g Cr
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80%
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1985

1985
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p2-
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1996
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Kjellstrom 1979
1lg 2 Silensen and Kasiske, 2004
B2- al-
NAG (N- -B-D-
NAG
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10,000pg/L ( 5,000
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+ DR2
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1/100 10 2 @)
4
1. 1. 1. 1.
2. DR2- 2. 2.
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6.2.2
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5 20 15
B2- NAG
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6.2.3.2
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75 50 25

(Sakurai et al., 1982)
17 X
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X
61
2,614 1 42 7
30
6,711 6,093 1974
60
19
42 11
454 405 1975
(Ca) P Ca/P
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19.8+1.1ug/g Cr
30.0ug/g Cr

Ca/P

Nogawa 1979a

26.41.0ug/g Cr

42 43 1976
9 10 70
Nogawa 1979b; 1982a 20
98% 90% 596 275 321
419
RBP [3.- B-MG
B-MG
RBP 60 %
B,-MG  RBP
S
246 295 541
1982b
RBP [3,-MG
B.,-MG RBP
B-MG
S — probit
44
66 18 64
9 20 RBP
Nogawa 1977 96
Cer %TRP
Ccr
sensitivity Nogawa 1980; 1981 5
B>-MG  N-acetyl-[3-D-glucosaminidase NAG
NAG B.-MG B.-MG
Nogawa 1983
5 50
191 141
NAG PBrMG
NAG 100U/g Cr [(3,-MG 50,000pug/g Cr NAG
B.-MG NAG
Nogawa 1986
1983 1 1984 6
Aoshima 1987 24 11
5 2
55 66 247 187
75.7% 46 32 69.6%
12 6
11 B,-MG ol-MG
H 2
B-MG 1mg/g Cr 100mg/g Cr
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38.3%
1
0.12-0.03ppm
0.32-0.57ppm

Aoshima K. Epidemiology of renal tubular dysfunction in the inhabitants of a cadmium-polluted area in the Jinzu
River basin in Toyama prefecture. Tohoku J Exp Med. 152, 151-172, 1987.
23, 271-285, 1968.

1 21, 65-73, 1974.

2 Cd
22, 217-224, 1975.

29, 123-133, 1982a.
Cd
29, 201-207, 1982bh.

36, 512-517, 1981.

Nogawa K, Kobayashi E, Inaoka H, Ishizaki A. The relationship between the renal effects of cadmium and
cadmium cocentration in urine among the inhabitants of cadmium-polluted areas. Environ Res 14, 391-400,
1977.

Nogawa K, Ishizaki A, Kobayashi E. A comparison between health effects of cadmium and cadmium
concentration in urine among inhabitants of the Itai-iai disease endemic district. Environ Res 18, 397-409,
1979a.

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 28, 161-168, 1979b.

Nogawa K, Kobayashi E, Honda R, Ishizaki A,Kawano S, Matsuda H. Renal dysfunction of inhabitants in a
cadmium-polluted area. Environ Res 23, 13-23, 1980.

Nogawa K, Yamada Y, Honda R, Tsuritani I, Ishizaki M, Sakamoto M. Urinary N-acetyl-[3-D-glucosaminidase
and[3,-microglobulin in ‘itai-itai’ disease. Toxicol Lett 16, 317-322, 1983.

Nogawa K, Yamada Y, Kido T, Honda R, Ishizaki M, Tsuritani I, Kobayashi E. Significance of elevated urinary
N-acetyl-[3-D-glucosaminidase activity in chronic cadmium poisoning. Sci Total Environ 53, 173-178,
1986.

6.3.1.3
45 0.4 ppm
54 30 13,052

9ug/e 15
15 30 1,700
367

351
13 13
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24

Cd 13.1ug/e 7
13 !
[3, -microglobulin
510
462
2 (3, -microglobulin 10,000 g/€
7.1 0.65
3, -microglobulin 70 70
1,000ug/€
2
1 11.2ug/e 194 5.2ug/t 3,
-microglobulin 320pg/day 960 120ug/day
[3. -microglobulin B2
—microglobulin
1) 47 , 1972,
2) , , 3. -microglobulin ,
, 52 , 1977.
6.3.1.4
1974 1975 Nogawa (1978) 50 2,691
retinol binding protein (RBP)
1981 1982 Kido (1987)
50 3,465 ( 1,574 1,891 )
N 80
B2 (B2-MG) 1,000gu/g Cr
50
14.3% 18.7%
(MT) MT
97.5% 638ug/g Cr 693ug/g Cr)
B2-MG 3,178
1,424 1,754 probit linear model (Ishizaki et al., 1989)
logistic linear model (Hayano et al., 1996)
B2-MG
3.8-4.0 1.6-3.0ug/g Cr 3.8-4.1
2.3-4.6ug/g Cr 50 3,110 MT
4.2 4.8ug/g Cr (Kido et al., 1991)
50 30 1,703
B2-MG MT N
B2-MG MT N
0.34ppm (Nakashima et al., 1997)
74 (
32 42 ) 1981
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1986 B2-MG
B2-MG

1,000ug/g Cr
1,000ug/g Cr

(Kido et al., 1988)

Hayano M, Nogawa K, Kido T, Kobayashi E, Honda R, Turitani I. Dose —response relationships between urinary
cadmium concentration and B-microglobulinuria using logistic regression analysis. Arch Environ Health.
1996 March/April;51(2):162-7.

Ishizaki M, Kido T, Honda R, Tsuritani I, Yamada Y, Nakagawa H, Nogawa K. Dose-response relationship
between urinary cadmium and beta 2-microglobulin in a Japanese environmentally cadmium exposed
population. Toxicology. 1989 Oct 2;58(2):121-31.

Kido T, Honda R, Tsuritani I, Ishizaki M, Yamada Y, Nogawa K. Progress of renal dysfunction in inhabitants
environmentally exposed to cadmium. Arch Environ Health. 1988 May/June;43(3):213-7.

Kido T, Honda R, Tsuritani I, Yamaya H, Ishizaki M, Yamada Y, Nogawa K. [An epidemiological study on
renal dysfunction of inhabitants in Cd-exposed areas in the Kakehashi River basin in Ishikawa
Prefecture]Nippon Eiseigaku Zasshi. 1987 Dec;42(5):964-72.

Kido T, Shaikh ZA, Kito H, Honda R, Nogawa K. Dose-response relationship between urinary cadmium and
metallothionein in a Japanese population environmentally exposed to cadmium. Toxicology. 1991
Jan;65(3):325-32.

Nakashima K, Kobayashi E, Nogawa K, Kido T, Honda R. Concentration of cadmium in rice and urinary
indicators of renal dysfunction. Occup Environ Med. 1997 Oct;54(10):750-5.

6.3.1.5
1975 1977a 35
137 13%
2.5%
33 10
B2-microglobulin  p2-MG r=0.62
r=0.57 r=0.50
1977b
0.64ppm N=85 1981 Kojima 1977
7 50 69 156 50 69 93
150pg/day 40ug/day
7.5ug/1 2.0ug/l B2-MG
700ug/1 14% 3.2%
1985 1932-1979
Iwata 1992 1975 1977 B2-MG
40 230 1990 Cox
B2-MG
p2-MG 10 1.44 95% 1.02 1.44
6.3.1.6
4
1979 1982 80%
1979 1985 50 80
99 50 80 196
60 50
60 10ug/g creatinine cr. B2-MG
70 50
70 1,000ug/g cr. B2-MG
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1982 1985

50 285 B2-MG  1,000ug/g cr.
B2-MG B2-MG
al-MG
6.6
11.2ug/g cr. al-MG metallothionein
Tohyama et al., 1986; 1988
Iwata 1993 1979 102 B2-MG
1989 10 1981
1969 213ug/day 1983
106ug/day 10 48
8.5ug/g cr. 6.0ug/g cr. B2-MG
40 B2-MG  1,000ug/g cr. 1.8
1998, 2001 1996 1988
14
HCO3" 9
Iwata 19914, 1991b  Arisawa 2001 1979 1982
1982 1989
B2-MG 1,000ug/g cr. SMR 215 95% [CI] 93-424
187 95% CI 116-287 Cox
B2-MG B2-MG
Iwata et al., 1991b B2-MG 1,000ug/g cr. SMR

76 95% CI 41-131

35 95% CI 7-103
SMR 101, 95% CI 63-155

SMR 126, 95% CI 81-186

1997 Arisawa et al., 2001 B2-MG 1,000ug/g cr. 1,000ug/g
cr. SMR 138 95% Cl 101-183 66 95% CI149-87 90 95%
Cl 73-109 Body Mass Index
B2-MG B2-MG B2-MG
B2-MG
2 Arisawa 2001
B2-MG 1,000 ug/g cr. 1,000
po/g cr. SIR 71 95% CI 44-107 103 95% CI 41-212
58 95% CI 32-97 1,000 ug/g cr.
6.3.1.7
1976 1978 7
4.4% 4.2% 2.9% 0.2% 0.2%
0.1% 0% 7 0%
1979
Kawada 40 400
N-acetyl-B-D-glucosaminidase NAG
1.59 1.48ug/g cr.
NAG
r=0.20, p<0.01 B2-MG
Nakadaira 2003 98 24 86
50 20 83
2.69 4.68ug/g cr. 1.08 1.69ug/g cr.
B2-MG 1,000ug/g cr.
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51
52
53
54
55
56

64, 37-49, 1975.
Saito H, Shioji R, Hurukawa Y, Nagai K, Arikawa T, Saito T, Sasaki Y, FuruyamaT Yoshinaga K.
Cadmium-induced proximal tubular dysfunction in a cadmium-polluted area. Contr Nephrol 6, 1-12, 1977a.

B2-microglobulin Dose-Effect Relationship
, 100, 350-352, 1977b.

B2-microglobulin, : ,
23, 45-62, 1981.

Kojima S, Haga Y, Kurihara T, Yamawaki T, Kjellstrom T. A comparison between cadmium and urinary

B2-Microglobulin, total protein, and cadmium among Japanese farmers. Environ Res 14, 436-451, 1977.

40, 799-811, 1985.

Ilwata K, Salto H, Morlyama M, Nakano A. Follow-up study of renal tubular dysfunction and mortality in

residents of an area polluted with cadmium. Br J Ind Med 49, 736-737, 1992.

, , . p2-
, 84, 13-30, 1985.

84 37-45, 1985

Tohyama C, Kobayashi E, Saito H, Suglhara N, Nakano A, Mltane Y. Urinary al-microglobulin as an indicator
protein of renal tubular dysfunction caused by environmental cadmium exposure. J Appl Toxicol 6, 171-178,
1986.

Tohyama C MitaneY Kobayashi E Sugihira N, Nakano A, Saito H. The relationships of urinary
metallothionein with other indicators of renal dysfunction in people living in a cadmium-polluted area in
Japan. J Appl Toxicol 8, 15-21, 1988.

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 48, 157-163, 1993.

18 . , 54, 544-551, 1999.

Liu X-J, Arisawa K, Nakano A, Saito H, Takahashi T, Kosaka A. Significance of cadmium concentrations in
blood and hair as an indicator of dose 15 years after the reduction of environmental exposure to cadmium.
Toxicol Lett 123, 135-141, 2001.

— 1988; 54 127-33.

Iwata K, Salto 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 164, 93-102, 1991.

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

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.

1979
Kawada T, Shinmyo R R, Suzuki S. Urlnary cadmium and N- acetyl B-D-glucosaminidase excretion of
inhabitants living in a cadmium—polluted area. Int Arch Occup Environ Health 63, 541-546, 1992.
Nakadaira H, Nishi S, Effects of low-dose cadmium exposure on biological examinations. Sci Total Environ 308,
49-62, 2003.

6.3.1.8 Cadmibel
1985 1989 (CadmiBel
) Liege Charleroi Hechtel-Eksel Noorderkempen
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

2,327 2149/
B2-MG RBP NAG 10%
219/ subclinical
Bernard A, et al. 1992, Lauwerys R 1990, Lauwerys R, et al. 1991
Cadmibel 2,327 10 1,107
8 24 1985
1989 331
372
7.9nmole/24 10.5 nmole/24
B2-MG
RBP NAG
8.1km
1km 2.7% Staessen J A, et
al. 1994
1985-1989 Cadmibel 208 385 5
PheeCad Public health and environmental exposure to cadmium study
7.54+1.9nmol/24
6.1+2.2 nmol/L 16% 35%

7.6%+1.9nmol/24
14% 28%

Hotz P, et al. 1999
Cadmibel

7.8+2.1nmol/L

Subclinical

Bernard A, et al. Cadmium and health: the Belgian experience. IARC Sci Publ. 1992; (118):15-33
Hotz P, Buchet J P, Bernard A, Lison D, Lauwerys R.

Renal effects of low-level environmental cadmium exposure: 5-year follow-up ...

The Lancet; Oct 30, 1999; 354, 1508-1513

Lauwerys R, Health effects of environmental exposure to cadmium: objectives, design and organization of the

Cadmibel Study: a cross-sectional morbidity study carried out in Belgium from 1985 to 1989. Environ

Health Perspect. 1990 Jul; 87: 283-9

Cadmibel study. Acta Clin Belg. 1991; 46(4): 219-25

Lauwerys R, et al. Does environmental exposure to cadmium represent a health risk? Conclusion from the

Staessen J A, Lauwerys R, Ide G, Roles H A, Wncek G, Amery A. Renal function and histrical environmental

cadmium pollution from zinc smelters. The Lancet 1994: 343, 1523-1527

6.3.1.9 OSCAR
(OSCAR) study. OSCAR study
Fliseryd Oskarshamn
1,021
222

(al-MG)

800mg/g 0.6mg/mmole creatinine 600mg/g
2

1-MG Odds

37

the osteoporosis, cadmium as a risk factor

5 16 80
al-
al-MG 0.8mg/mmole creatinine
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1.0nmole/mmole creatinine
Jarup

creatinine 2.5ug/g creatinine

80

al-MG

Jarup

2.5 nmole/mmole creatinine 2.5ug/g creatinine

1.0nmole/mmole creatinine
1.0 pg/g creatinine

10%

1 nmole/mmole creatinine

20

112

1ug/g

113

Jarup L, et al. Low level exposure to cadmium and early kidney damage: the OSCAR study Environ Med

2000;57:668-672)

6.3.1.10 Shipham
Shipham 17 19
1982 1,092 547
H
Shipham
B2-MG

H 1988, Simms DL 1988)

Simms DL, Morgan H
Morgan H, Simms DL.

6.3.1.11

(Bustueva et al. 1994, Cherniaeva et al. 1997)
3
(n=27)
99.3ug/g
40.9ug/l

31 B2-MG
B2-MG

38

Introduction  Sci Total Environ 1988, 75 1-10
Discussion and Conclusion Sci Total Environ 1988, 75 135-143

92.0ug/g

65

Shipham

B2-MG

53.8ug/l
(n=16)

9.04ug/l

(Morgan

25.1ug/g

(r=0.96)

(Bustueva et al.,
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54

1994)
(larushkin. 1992)
3 147

2.2 1.8nmol/l
(Odland et al., 1999)

(Olikhova et al., 2000)

114

6.3.1.12
0.05 mg/I
1mg/kg
367-382ug/day
313ug/day 299ug/day
63ug/day 61.5ug/day 25
433 17% 15ug/g cr
B2-MG 500ug/g cr
B2-MG N-acetyl-[3-D-glucosaminidase(NAG)
(Cai et al., 1990, Cai et al., 1995)
3.70 051
0.0072mg/kg 10.7 1.62 0.40pag/l
B2-MG
B2-MG
(Nordberg et al., 1997) NAG
(Jinetal., 1999)
2 5
133ug/day
1.67ug/kg BW (Han, 1988)
20-57 150 ( 74 76
) 0.94ug/l 2.61ug/l
20 0.6ug/l 40 1.24ug/1
1983 1985

(Quetal., 1993)

Cai SW, Yue L, Hu ZN, Zhong XZ, Ye ZL, Xu HD, Liu YR, Ji RD, Zhang WH, Zhang FY. Cadmium exposure
and health effects among residents in an irrigation area with ore dressing wastewater. Sci Total Environ.

1990 Jan;90:67-73.

Cai S, Yue L, Shang Q, Nordberg G. Cadmium exposure among residents in an area contaminated by irrigation

water in China. Bull World Health Organ. 1995;73(3):359-67.

Han C. An investigation of the effects of cadmium exposure on human health. Biomed Environ Sci. 1988

Oct;1(3):323-31.

Jin T, Nordberg G, Wu X, Ye T, Kong Q, Wang Z, Zhuang F, Cai S. Urinary N-acetyl-beta-D-glucosaminidase
isoenzymes as biomarker of renal dysfunction caused by cadmium in a general population. Environ Res.

1999 Aug;81(2):167-73.
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Nordberg GF, 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 Jun
20;199(1-2):111-4.

Qu JB, Xin XF, Li SX, Ikeda M. Blood lead and cadmium in a general population in Jinan City, China. Int Arch
Occup Environ Health. 1993;65(1 Suppl):S201-4.

6.3.1.13
Diamond et al (2003)
15

20 /

Pharmacokinetics/pharmacodynamics (PK/PD) modeling of risks of kidney toxicity from exposure to cadmium:
estimates of dietary risks in the U.S. population. Diamond GL, Thayer WC, Choudhury H. J Toxicol
Environ Health A. 2003 Nov 28; 66(22): 2141-2164.

6.3.2

1950 Friberg
(1950)
(Adams 1979, .Baader 1951, Bonnell 1955, Bonnell et al 1960, de Siva and Donnan 1981,
Lauwerys et al 1974, Suzuki et al 1965, Tuchiya 1967) 55
(Hansen 1977) 25
B2-MG 2 10 100

(Bernard 1979)
18 42 21 77
1.2 5.4
B2- B2-MG 34 31

(Adams et al 1969, Bonnell
1955, Kazantzis 1963, Suzuki et al 1965)

Cd
60 ( 58 2 ) 4-24 Cd (Elinder
et al 1985) B2MG 40 Cd B2-MG
1976-1983 B2-MG
Kawada (1993) Cd 1986-1992
Cd 0.857mg/m° 0.045mg/m® Cd
Cd 41.7-94.6 1984
32 1980-1984 1990-1992
(McDiarmid et al 1997) B2-MG  300ug/g cr
Cd 20ug/g cr B2MG
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300 1,500ug/g cr Cd 20ug/g cr

B2-MG 1,500ug/g cr Cd
20ug/g cr Cd
Nicaud(1942)
- (Ni-Cd) 20 2 4
Friberg(1950)
Scott (1976)
27 22
3 20-30ug/I

Ni-Cd
1980
Sorahan and Esmen

(2004) West Midlands Ni-Cd 926
1947 2000

England Wales
Ni-Cd

Adams RG. Clinical and biochemical observation in men with cadmium nephropathy. A twenty-year study. Arh
Hig Rada Toksikol. 1979;30:219-31.

Adams RG, Harrison JF, Scott P. The development of cadmium-induced proteinuria, impaired renal function, and
osteomalacia in alkaline battery workers. Q J Med. 1969 Oct;38(152):425-43.

Baader EW. Chronic cadmium poisoning. Disch, Med Wochenschr. 1951;76:484-7.

Bernard A, Buchet JP, Roels H, Masson P, Lauwerys R. Renal excretion of proteins and enzymes in workers
exposed to cadmium. Eur J Clin Invest. 1979 Feb;9(1):11-22.

Bonnell JA. Emphysema and proteinuria in men casting copper-cadmium alloys. Br J Ind Med. 1955;12:181-97.

Bonnell JA, Kazantzis G, King EA. A follow-up study of men exposed to cadmium oxide fume. Br J Ind Med.
1960;17:69-80.

De Silva PE, Donnan MB. Chronic cadmium poisoning in a pigment manufacturing plant. Br J Ind Med. 1981
Feb;38(1):76-86.

Elinder CG, Edling C, Lindberg E, Kagedal B, Vesterberg O. beta 2-Microglobulinuria among workers
previously exposed to cadmium: follow-up and dose-response analyses. Am J Ind Med. 1985;8(6):553-64.

Friberg L. Health hazards in the manufacture of alkaline accumulators whith special reference to chronic
cadmium poisoning. Doctorial thesis. Acta Med Scand 1950;138(s240):1-124.

Hansen L, Kjellstrom T, Vesterberg O. Evaluation of different urinary proteins excreted after Cd exposure. Int
Arch Occup Environ Health. 1977;40:273-82

Kazantzis G, Flynn FV, Spowage JS, Trott DG. Renal tubular malfunction and pulmonary emphysema in
cadmium pigment workers. Q J Med. 1963 Apr;32:165-192.

Kawada T, Shinmyo RR, Suzuki S. Changes in urinary cadmium excretion among pigment workers with
improvement of the work environment. Ind Health. 1993;31(4):165-70.

Lauwerys RR, Buchet JP, Roels HA, Brouwers J, Stanescu D. Epidemiological survey of workers exposed to
cadmium. Arch Environ Health. 1974 Mar;28(3):145-8.

McDiarmid MA, Freeman CS, Grossman EA, Martonik J. Follow-up of biologic monitoring results in cadmium
workers removed from exposure. Am J Ind Med. 1997 Sep;32(3):261-7.

NicaudP, LafitteA, Gross A. Symptoms of chronic cadmium intoxication. Arch Mal Prof Med Trv Secur Soc.
1942;4:192-202.

Scott R, Paterson PJ, Mills EA, McKirdy A, Fell GS, Ottoway JM, Husain FE, Fitzgerald-Finch OP, Yates AJ,
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Lamont A, Roxburgh S. Clinical and biochemical abnormalities in coppersmiths exposed to cadmium.
Lancet. 1976 Aug 21;2(7982):396-8.

Sorahan T, Esmen NA.  Lung cancer mortality in UK nickel-cadmium battery workers, 1947 — 2000.
Occup Environ Med. 2004 Feb; 61 (2): 108 — 116.

Suzuki Y, Suzuki T, Ashizawa M. Proteinuria due to inhalation of cadmium stearate dust. Ind Health.
1965;3:73-85.

Tuchiya K. Proteinuria of workers exposed to cadmium fume. The relationship to concentration in the working
environment. Arch Environ Health. 1967;14:875-80.

6.3.3

Mannino et al (2004) 16,024
Cd-U

Cd-U
Cd-U

Urinary cadmium levels predict lower lung function in current and former smokers: data from the Third National
Health and Nutrition Examination Survey.Mannino DM, Holguin F, Greves HM, Savage-Brown A, Stock
AL, Jones RL.Thorax. 2004 Mar; 59 (3); 194 -198.

Renal effects of cadmium exposure in cadmium nonpolluted areas in Japan..Suwazono Y, Kobayashi E, Okubo Y,
Nogawa K, Kido T, Nakagawa H.Environ Res. 2000 Sep; 84(1): 44-55.

No clear-cut evidence for cadmium-induced renal tubular dysfunction among over 10,000 women in the Japanese
general population: a nationwide large-scale survey.

Ezaki T, Tsukahara T, Moriguchi J, Furuki K, Fukui Y, Ukai H, Okamoto S, Sakurai H, Honda S, Ikeda M.

Int. Arch. Occup. Environ. Health. 2003 Apr; 76(3): 186-196.

Dietary exposure to cadmium at close to the current provisional tolerable weekly intake dose not affect renal
function among female Japanese farmers.

Horiguchi H, Oguma E, Sasaki S, Miyamoto K, Ikeda Y, Machida M, Kayama F.

Environ Res. 2004 May; 95 (1): 20-31.

6.3.4
Suwazono et al. (2000) 2
4 1,105 1,648
Cd-B

Cd-U B3,-MG-U NAG-U

Cd-B Cd-U [B,-MG-U NAG-U
Ezaki et al. (2003) 10 10,753 1,000

/ Cd-U al-MG-U B,-MG-U

al-MG-U B,-MG-U
Cd-U al-MG-U (B,-MG-U
Suwazono et al. (2000)
1 Ezaki et al. (2003)

Cd-U
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Horiguchi et al. (2004)

Cd-U al-MG-U B,MG-U

tolerable weekly intake; PTWI

Ezaki, et al. (2003)

10 35 60
B2- B2- MG
al-MG
B2- MG
28 15
B2- MG
10 12pag/g cr
12ug/g cr
5

1,407

Provisional Tolerable Weekly Intake :PTWI

2004 13 15
13 15
7.1 IARC
IARC
2A
IARC 1993
7.2 JECFA

16 JECFA 1972

wet weight 50-100 mg/kg wet weight

5% 1

5 1,381
provisional
Cd-U
Cd-U al-MG-U [(3,-MG-U
PTWI
PTWI
10,833
al- al-MG
0.76 3.16pag/gcr
B2- MG
2004 13 15
12
30 17
B2- MG 10
2004 13 15
202 596 30
16
IARC 1987
200mg/kg
30mg/kg wet weight 25-50 mg/kg
1
0.005% 1
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4
42
43
44
45

1ug/kg / 50mg/kg

PTWI 400 500ug/ /
33 JECFA 1989
PTWI 7ug/kg /
41  JECFA 1993
33 JECFA
55 JECFA 2000
PTWI 17% PTWI
Jarup
2.5ug/g cr Jarup
PTWI 7ug/kg /
61 JECFA 2003
2.5ug/g cr
PTWI
PTWI
7.3 WHO 2 3
5% 1 0.005% JECFA
50mg/kg 1 1pg/kg
PTWI 1989 Tug/kg
/ 1993 2000
PTWI  10% 0.003mg/L
7.4 EPA
RfD
200ug /g
U.S EPA, 1985 200ug /g NOAEL
0.01%
U.S EPA, 1985 2.5% 5%
NOAEL 200ug /g
0.005mg/kg / 0.01mg/kg /
NOAELO0.005mg/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
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IARC, IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, VOL. 58, 1993, p119 ( )

JECFA, EVALUATION OF CERTAIN FOOD ADDITIVES AND THE CONTAMINANTS MARCURY, 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 THE CONTAMINANTS: Thirty-third Report
of the Joint FAO/WHO Expert Committee on Food Additives, 1989, p28-p31

JECFA, EVALUATION OF CERTAIN FOOD ADDITIVES AND THE CONTAMINANTS: Forty-first Report
of the Joint FAO/WHO Expert Committee on Food Additives 1993, p28-p30

JECFA, EVALUATION OF CERTAIN FOOD ADDITIVES AND THE CONTAMINANTS: Fifty-fifth Report of
the Joint FAO/WHO Expert Committee on Food Additives, 2001, p61-p69

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

WHO, Guidelines for Drinking Water Quality, Third edition, 2004, p317-p319

WHO, Guidelines for Drinking Water Quality, Second edition( ), VOL.2, 1997, p178-p184

U.S EPA, Drinking water Criteria Document on Cadmium, 1985 ( )
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