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3.1

3.2

112.40 106 1.25%

108 0.89% 110 12.49% 111 12.80% 112 24.13% 113 12.22% 114 2873 %

48 12 2B
116 7.49% !
1920
1 5
500

320.8 765

1/200
1817

PVC

0.1mg/kg
15mg/kg }

6,7
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9,10

— 50km 2
3.3
13,14
pH
15 15 pH
=
pH —
p“
1 Shipham total cadmium level
soluble cadmium, 0.04%
pH 7.7
soluble cadmium
4% soluble-cadmium —pH 5
13
34

19,20,21

22
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4.1
4.1.1
4.2
42.1
WHO :
1-298pg/L
0-5Sug/L
Peplow D, Edmonds R.,2004
230mg/kg 2.5mg/kg
246pg/L 161pg/L
Lee JS, 2005
422
2002
2003

Wolnik, et al 1983, 1985

Shipham

7.3 WHO 2 3
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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
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15
10
15
30
30
35
30
15
30
15
45
45

ANEAN
O O O N O O O O O O o o o

.01
.17
.01
.01
.09
.01
.02
.79
.04
.30
.02
.02
.05

o W o o pr O o o

N
O O O W

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

2003

2002
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ng/kg
a b c d

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 , ¢ Jorhemetal. 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 680 130
Walsall 190 103
Heathrow 180 150

* WHO (1992) Cadmium, Environmental Health Criteria 134.
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50%

Ipg

Elinder C G et al., 1976,

4.3
4.4
4.4.1
1-2pg 10%
Friberg L et al., 1974
Elinder et al., 1976 1 20
4-5 2-3

Vahter M et al., 1982, Bensryd I et al., 1994, Nilsson U et al., 1995
442

4421

1977 WHO
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
4422
TDS
* TDS 1.15 pg/kg
8 ng/kg / PTWI
0.44pg/kg / TDS
, 2004
4423
PTWI
PTWI

10pg/ 5 10% 20pg/ Louekari K,1992

17

15

12 3

/

Global
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6.1

6.2

1999

0.01%

%TRP

1978

Horiguchi et.al.,2005

2-8%

MT

1/3 1/4 1/4

Cd MT

100

1940-50

1971

1969 Aoshima
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RBP B2- B2-MG) al-
al-MG N-acetyl-B-D-glucosaminidase NAG

IARC, 1993

2002)

Martin et al., 2002;
Johnson et al., 2003

HSD11B2
(Yang et al., 2006)

7.1 TARC
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 lug/kg /
——  50mg/kg
—PTWI— 400-500ng/ /
33 JECFA 1989
PTWI Tug/kg /
41 JECFA 1993
33 JECFA
55 JECFA 2000

10
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PTWI 17% PTWI
Jérup et al.
2.5ug/g Cr
Jarup et al.
10%
100% 2.5pug/g Cr
1 0.5pg / kg

(pg/gCr) > 12(gCr/ €x)

=<

Jarup et al. PTWI
Tug/kg /
61 JECFA 2003

2.5ng/g Cr

PTWI
PTWI

Jarup etal. 1998
2.5 pg/g Cr 2.5 nmole/mmole Cr
5
5 Scand J Work Environ health, 1998 24  suppl 1 p27

Cd  (mg/kg) | U-Cd (ng/g)
<50 <2.5 0
51-60 2.75 1
61-70 3.25 2
71-80 3.75 3
81-90 4.25 5
91-100 4,75 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<

11
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26
27
28
29
30

2.5ng/g Cr 30pg/ PTWI
2000 6 55  JECFA
5 1 _
5 1 2
) 9 _—
B2-MG 18 Scand J Work Environ health,
1998 24 suppl 1 p27 NAG best guess
2.5ng/g Cr 0% OSCAR
OSCAR lpg/g Cr 10%
18-
Ipg/g Cr 2-75%
18-
Friberg 180mg/kg 9.0pg/g Cr
10%
70ug/ %
50ug/g 50ng/ p41,Risk
Characterization 13-14
1 2-MG
100 [Gganerdl pop, 35~ Nordberg e af (1997]
=] _" + general pop, 20-80, Bucha! ef &l (1950}
go = cgenaral pop, 20-80, famales, Mogawa sl al
o E 70 — ;f;:gﬂ p;p. 20-B0, males, Mogawa ol al [1578)
2 o of °
B § 50 o » woikets, young, Chia et al (1943
e i =werkors, Buche! at al (1300
= -% 50 & : ¢ workars, Bemard of 3l (1580
E- o = . . 4 workets, Rosls el ol {1853)
= E e E. o a zﬂ owodkerz, prav wxp, Elinder el af {1965)
20 T e o workars, aga <50, M et ol [1005) .
10. M N " | {aworkers, agn 260, Jarup el a! (1995)
I}-—-rﬂ-n—l-l-r'ﬁ'r—‘- -Erhﬂgﬂ+ =TT TTTT -
0.1 1 10 100 7

Urine cadmium (ug Cd/g creatinine)

12

1

B2-MG -

Prev.

Pop.
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10

12

13

14
15
16

50mg/kg

a80%

0%

g 60%

th
o
®

"{=— o} ahove 50 mg Cdikg

—— calculaled prev of

Prevalence (%
2

T renal eflect

20% . /j

0% e  —

Y] i0 20 30 40 _ﬁﬁ 60 70
Average kidney cadmium {mng Cd/kg) -
2
50mg/kg
£18%
=]
ig'iﬁﬁ&
5‘14%, e ~ = = women with emply kon
- sloras

o12% >

= ="high risk groups

WM

2%y

0% -

0

4 e —— smokiers |
’ T
£ » ~ — |~ genersl populatlon
P ’
-] F”ﬁgai:.‘, kers
-, = — = pOnSmo
'f. _‘.-l“‘:":'— . e
- =

40 20 a0 40 50 80 7JO
Average imake of cadmium in food (pg/day)
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34
35
36
37
38

213

24 suppl 1 pl3-42

Scand J Work Environ health, 1998 24

suppl 1 p42
314 Scand J Work Environ health, 1998

30ugkg 1%
5%
70ng/kg ( 70kg PTWI
) % 17%
30pg/
7.3 WHO 2 3
5% 1 0.005% JECFA
50mg/kg 1
lug/kg PTWI—
1989 Tug/kg / 1993 2000
PTWI  10% 0.003mg/L
7.4 U.S EPA
RfD
200pug /g
U.S EPA, 1985 200pg /g
NOAEL 0.01%
U.S EPA, 1985 2.5%
5% NOAEL
200ug /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

14

RfD
RfD
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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

RfD

EPA Bl

8.1
8.1.1
8.1.2
8.1.3
8.1.4

8.2
8.2.1
8.2.2
823
8.2.4

8.3

' Oki.,ed(2001) Encyclopedic dictionary of chemistry, 1%, 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).

3 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.(1979) Gloval inventory of natural and anthropogenic emissions of trace metals to
atmosphere.Nature(Lond.),279:409.

15



0 NN N bW~

LN LD BRABMBREMAEDNDEAEDNPBADWLWLWWWWWWLWWWERDNDNDNDNDDNDDNDNDNDN — — = e e e =
WNN— OOV JIAUNDEWNRO VNI ANNDEWNRLOWOVIANUNPEWN ROV WN—OO

54

% 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.GM., 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.

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

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

5 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,G.W., 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.

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

1% 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.

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

I 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

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 GL., 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,

16



0 3N LN AW~

DN A DB DDSPBAEDMPEDRND WWLWL WLWLW W WL LWWRNDNDDNDDNDDNDNDNDNDNDN = = = = = e =
N —m OOV I AN NDKARWN—ROWOWIANNDRDRWN—RLOOVONIANUNRAWNROWOVION WUV A WND~O O

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
No.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

1971; 65: 15-42.
1969 366-394 1969

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

cc 2

pp-85-99 1978
Horiguchi H, Oguma E, Sasaki S, Miyamoto K, Ikeda Y, Machida M, Kayama F. Environmental exposure
to cadmium at a level insufficient to induce renal tubular dysfunction does not affect bone density
among female Japanese farmers. Environ Res. 2005; 97: 83-92.

IARC, IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, VOL. 58, 1993, p119

17



O 00 3 O L A W N =

W W W W NN NN NN NN NN = = = e e e e e e e
WO = O O 0 3N i A WK~ O W OIS WU W~ O

.2002; 57:  547-55.

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.

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.

Yang K, Julan L, Rubio F, Sharma A, Guan H. Cadmium reduces 11 beta-hydroxysteroid dehydrogenase
type 2 activity and expression in human placental trophoblast cells.

Am J Physiol Endocrinol Metab. 290(1): E135-E142, 2006.

IARC, IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, VOL. 58, 1993, p119
Jarup L, Berglund M, Elinder CG, Nordberg G, Vahter M. Health 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

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

18



