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2 2.2 )
6.6 ) 3.0 )
1
4 5
2)
€y
1971 6
3
(1998)
2
6610ha 36 1400ha 14
30  420ha
1998 3 3
(
3 2
@
1971
1971

1970

@34 )

@.7)
2

1998 10

390ha

M

1995
1.8 )
1995
3
43.4%

) 1970 12

31
92
129 7140ba
67 6270ha
1

1.0ppm
0.1M
15ppm

125ppm



1000ha 1 2000ha 1 3

3
3
4( 1974)
4
0.1IN N
ppm
9.5%
3.2% 7.5%
3
2 3
FAO/WHO

(CCFAC)

5
(Ewers 1991) 1ppm 2ppm 3ppm

S5ppm
0.8ppm 1ppm 6
(Ewers 1991)

7

(Ewers, 1991) 8 1999 3 CCFAC
(Draft maximun levels for
lead, CX/FAC99/11, Dec. 1998)
( ) 0.20ppm 0.34ppm 0.16ppm

CCFAC



(4)

A
4
9 5
(Asami  1997)
9 5 1993 164
388
5
11 2
9 5
(Asami, 1997)
2
92 36
(1984) 1157 0.1N
1.37ppm 2.13ppm 59._3ppm
349ppm 6.3ppm 21.5ppm
2570 0.4ppm 61.8% 0.40-0.99ppm 36.9% 1.00ppm 9.0%
0.37(0.00-5.20)ppm 25.2ppm 4 _.5ppm
(1981,1982,1983)
7.17+ 1.67 1.92+ 2.02ppm 1205

+ 279 393% 215ppm, 231+ 28 132+ 156ppm 192+ 69 66% 33ppm

0.61+ 0.64 1.73ppn



0.25% 0.20ppm 1.50ppm

(1630ha) 1562ha

C 3 141

(1994)
9.5%
22.3 10.9ppm

50 0.52ppm

31.5 34.4

(1992)

333 2.47(0.27-16.5)ppm
0.33(0.00-1.56)ppm 1.0ppm
226

333
91 0.4ppm
(1978)
) 85
( - ) 14_.4(2.4-49.2)ppm
381(47.8-1552)ppm,  55.0(18.9-146.3)ppm
ppm 23.7(16.8-31.4)ppm 0.34(0.12-0.82)ppm

45 56
7.5(2.7-12.4)ppm
0.25(0.01-0.99)ppm
2.5(1.2-2.8)ppm

34(22-50)ppm
0.29(0.21-0.63)ppm

444(136-2137)ppm

21
18 12.8%
2.11

19 356ha

16 0.4-1.0ppm

45

842(222-2958)ppm

0.20(0.00-1.11)

2.3(0.8-4.1)ppm

20(13-54)ppm
21.2(19.9-24.4)ppm

0.99ppm 1.0ppm
45
1.0ppm 3 1972)
2 8
677(33-3304)ppm (
1987) 1.0ppm
0.3ppm
( 1987)
(1979)
1.0ppm
0.4ppm 0.3ppm
S5ppm
(1987)
1.0ppm



2 92 6610ha

58 6110ha
« )
(1976) (1978)
(1979) Kitagishi,K and
Yamane, I. eds.(1981) (1991)
B
(n 27) 1.17+ 0.43(0.27-1.95)ppm

(Asami and Fukazawa 1985)
(Asami and Kubota 1995)

4 (
1981a) 1972 1976 2 500m
7.39 8.56ppm  500m 2.78 2.22ppm 2
2
500 2.92 6.53ppm 500 1.14 2.07ppm
( 1981b) (1996)
C
6
6 ( 1973 1977)
( 1979)
6
( 1995) 1937-1975
1146532 ( )
( 1975.8.22)
D
2 14 390ha



7 160ha 7
145 21
(1963 11 )
(1964) 2 As,0, 301 838ppm
1971
(1972)
7 274(44.2-424)ppm
1 1302ppm
13.5ha
(1979 1989)
74 36.7(7.6-137.9)ppm 85.5(24.0-358.4)ppm
2 5.0ppm
10.4ppm N 23.3(2.8-101.6)ppm

10.1(0.9-36.5)ppm

E
(1994)
(1994)
F
( 0.05m /m
1995)
90 0.062(0.009-0.206)ppm

(0.27-6.89)ppm

3.2ppm 4.6ppm
(MoSy)
705 466 212ppm
30-40ppm 3Km 2-9ppm
2ppm
304ppm
0.01m /m®
©.1m /m (
( ) 0.084(0.024-0.167)ppm
7 2.16
199 0.274(0.050-2.42)ppm

15 3



1 19 1.69(0.13-7.43)ppm
(10 ) 33.0(0.54-125)ppm
11.8ppm 18 0.718(0.085-9.05)ppm
6 0.197(0.086-0.417)ppm (
1995 1997)
( 1995)
G
4 reference soils 0.050(0.017-0.0088)ppm,
4 1 0.037(0.016-0.078)ppm
0.103ppm 1.92ppm
3 52
(Asami et al., 1990)
(1989) SOX
1986 115t 16t
1
H
25 0.37(0.13-0.91)ppm
0.34(0.12-0.91)ppm ( 1988)
(1978) ( ) 1967
1978 4000
380ppm 1-30ppm
(1997)
200-400ppm
(1997) " Smelter” ,” RiverA” ,” RiverB”
(1978)
(1997)
Asami and Kubota(1993) 17
( 3 10) (1984)
(1988) (1989) (1990) (1992) Kubota et al.,(1990)
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25 0.047(0.010-0.109)ppm

0.041ppm ( 1995)
(1995) 18 0.482(0.011-6.55)
ppm 10 1.81(0.043-6.17)ppm
24 0.964(0.079-6.74)ppm
2
9 4.64(1.79-9.18)ppm
3 0.021ppm 1 0.033ppm
( 1995)
J
(1982)
0.020-0.100ppm
0.031-0.079ppm (1979) 4
0.099ppm 5 0.081ppm
0.1ppm
1973 (1974) 47
469 0.29(ND-5.36)ppm ND-1.5ppm
464 ( 203 ) 0.01(ND-0.17)ppm
23 58 238
0.07-67ppm 0.07-1.50ppm 86.9%
10 26.75(0.63-67)ppm
1 28.3ppm
196 7 0.03ppm
22.4% 10 0.04(0.02-0.07)ppm
Nakagawa and Yumita(1998) 1989 122 1997 120

1989 0.155(0.019-0.62)ppm 1997 0.146
(0.015-0.34)ppm
Morishita et al.(1982)
8 36.5(5.05-98.6)ppm 8
0.031(0.010-0.060)ppm
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Asami et al.(1996) 18
(0.10-0.56)ppm 0.31ppm

11

) 17.5(4.81-79.9)ppm

0.33

12

( ) 0.58(0.26-2.39)ppm ( 1997 Asami et al. in press)

( 1999a 1999b)
1ppm
(Kemper and Bertram,1991)
0.448ppm) 0.028ppm
0.1ppm
( 1999b)

1.0ppm
(1998a 1998b)
Asami(1981)

D
@
FAO/WHO
(1997) FAO/WHO
Commission[CAC] ) 1962

1966
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(1971 1974 1975 1994)

(Codex Alimentarius



1 World-Wide General Subjects Codex Committee
(Codex Committee on Food
Additives and Conataminants[CCFAC )
CCFAC 1 (ALINORM )
CCFAC FAO/WHO
(Joint FAO/WHO Expert Committee on Food Additives[JECFA])

JECFA 1955
(ADID)
JECFA WHO FAO Food and
Nutrition( FAO Nutrition Meeting Report Series) JECFA
CCFAC
&)
(Codex
Standards) Stepl Step8 " Procedures for the
Elaboration of Codex Standards” (1997)
Step7 Step7
(Subsidiary Body) Step Step8
Step8
Step
®3)
JECFA 1972 WHO(1972)
30mg/kg(FW ) 25-50 mg/kg 50-100 mg/kg
200 mg/kg
1kg 1 1lug 5%
0.005% 50mg/kg
1 400-500p g
Annex2 Evaluation of some contaminants and additives
1 (Provisional tolerable weekly intake, PTWI)
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0.4-0.5mg/ 0.0067-0.0083mg/Kg

0.005 mg/Kg (Hg ) 0.2mg/
3mg/ 0.05 mg/Kg (
) WHO(1989) 33 JECFA
7u 9/kg
1995 CCFAC 27
C 95/19 Nov 1994) 1993 JECFA
kg Position Paper
Concentration(PCC)-10% -
60kg 50 1
25u g ) JECFA
PCC2% 50 1 100u g
1 7.5-40u ¢
1.1-4.7y 9/kg (1.1 0.88
safty margin
PTWI
CCFAC 1995 27
1996 1997 198
1996 28
20 (0.1mg/kg)
Stepb6
(CCCpL) 9
CCCPL (CCFAC)
(
1997 29
0.1mg/kg
1998 30
Discussion Paper
JECFA
2000 31 CCFAC

Discussion Paper

-14-

0.3mg/
0.0033mg/Kg

PTWI

Position Paper on Cadmium(CX/FA

PTWI Ty g/

Population Critical

200u g/g
175p g(1 12

7u 9/kg 3

10

60kg

PTWI

JECFA

(ALINORM 97/12 97/12A 99/12)

(0.5mg/kg)

21

JECFA
Stepb
JECFA 1999
Step7
1999



(1998) 2

2000 JECFA
2000 1
4) Discussion Paper
Discussion Paper (CX/FAC 98/22 Jan 1998 CX/FAC 99/21 Dec 1998)
2 1998 CCFAC Paper Paper
CX/FAC 99/21 9
0.1mg/kg
0.1mg/kg
23% 0.1mg/kg (CX/FAC 97/22- 13 )
Step7 0.1mg/kg
1 10-50p g
1
3 ( 14 23x 3 694 g)
2 ( )
97.5%fractile 52u g
1 (TMDI) ( -14)
TMDI 52u g (58 g )
JECFA  PTWI 70kg 700 g (60kg 60u 9)
13 ML
3 1 JECFA 1
1
1( 14) L s)
1
0.1ppm 0.2ppm

0.1ppm
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®)

0.1 0.2ppm
(1963) (1972) (1975)
(1980) (1982) 13 15 CCFAC
— 15
CCFAC ( 13 No.7)
No.1 No.6 0.1ppm 23.3-39%
0.2ppm 4.0-10% 0.1ppm
37-44% 0.2ppm 10-24 4%
1.0ppm 0.9ppm (1996)
35% 90%
2) 1.0ppm 0.9ppm
1969 9 11
0.4ppm ( 1974a)
1969 1970 3 30 (
1970) (1970) 1970 7
7 1.0ppm 0.9ppm ( 1
2 7 24 ( 2)
1._0ppm ( 1974b)
( )
(Cd) 1.0ppm
( 13147 1970 10 15 1970 10 24 )
1970 64
1.0ppm
(
1971 b) 1970 7 7
&) 1.0ppm 0-9ppm
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20 40

y=33.9x 2.5( y Cd ug/ X
Cd mg/ ) ( 1 )
30u g/L 45u g/ 1 1.5L )
1 254mg/ 11
0.99ppm
1.0p
pm
B
(1971)

30u g/L(45p g/ )

Elkins(1959)
15

34-39

100u g/L 1

0.01-0-02mg/L( 10-20p g/L)
100p g/L 15
0.1mg/L
(0.1mg/L)
3 1
100u g/L
30 40
(1974) 45p g/
X y 45u g/ 50%
1
(1974)
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)

A
2
( ) 1.0ppm
5009 500 g 150u g 15p g
665U g (
150u g 0.01ppm 1.5L
)
( )0.1mg/m*(CdO 0.1mg/m? 0.088mg/m*
) 0.05mg/m® 8
500 g 10% 50u g
% 6651 g 2% 13u g
( 500 9)
Anwar 10ppm 4
1000u g/kg
1 665u g (13u g/kg)
2 1.0ppm
B
1
50/3u g/m®*  17p g/m3(
8 1 24 3 1 ) [
1969 9 11
( 1974a)
0.88-2.93u g/m?
0.1mg/m* (Cd 0.088mg/m?)
1/100-1/30
1
26-88u ¢ 10% 2.6-8.8u ¢
13p g
2
% Suzuki
et al.(1969) 1 24
6.6(2.8-11.4)% WHO

5%
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Anwar
Anwar
75
Mg
500 ¢
Anwar (1961) 6
4 ( 9
10ppm
10ppm
Anwar
5ppm 2 10ppm)

1
1.0ppm Anwar
500g 0.5mg

15mg

and Kleeman(1941) 13-15ppm

100g
38mg

Anwar

©)
1971 6 10 6 18

1975 3 6

1ppm
1000p g/kg
13.3u g/kg 50kg 665
165u ¢
1 500g 1.0ppm
9 1 8 2
0.5 2.5 5.0
(
1000u g/kg/
0.1L/kg/ ) 4
Friberg (1971)
(¢
2
75 ( 100 )
1ppm
75 38 ¢
(Schwarz et al. 1923) Front
29
1.3-1.5mg (kg 13-15mg)
Anwar
1.0ppm
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204 ) ( 46 47 )
1.0ppm
1.0ppm 100
( )
WHO Ippm
(1
( [ D ppm
ppm 1 500g
334g
ppm 500p g 1
150u g
0.01ppm 1 1.5L 15p g
665 g
100
(1 p.74)
Ippm 100
100
(1 p.87)
(NHK ) lppm
0.4
(1 p-113)
( ) lppm
(1 p-113)
( )
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(1971a 1971b)

p-60)

500g

1ppm



100%

(1 p.115)
M ( ) 100
(1 p.126)
H (NHK ) 0.4ppm
0.4ppm
0.4ppm
( 2 p.25)
H*  ( )
1ppm
100
( 2 p.27)
1ppm
4)WHO
ICPS(1992a) WHO ICPS The International
Programme on Chemical Safty
(ICPS  1992b)
1CPS(1992a) 1 140-260u g 2000mg
50
2000mg 50 WHO
200mg/50 1 110p g 1 110 140 260
Mg 50% (IPCS 1992a)
55 70 130p g 1988
1 200.99( 1990) 2009 55 70 130p g
200g 0.275 0.350
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0.650ppm WHO (IPCS  19923) 10

% 2 2.5% 3 (Sherlock
and Walters 1983) 2 4009 0.138 0.175 0.325
ppm 3 600g 0.092 0.117 0.217ppm
1.0ppm
WHO
Nogawa (1989) WHO
1850
294 ( )
B - ( )
B .-
1 440 g 350 ¢
50% B - 1000u g/L )
20 10 5% 1
220 150 110p g 200 150 120p g
16 2000mg
0.1ppm
0.2ppm
%
®)
5
( 1990)
(Nogawa et al., 1983) 32 17
(
)
0.82ppm 50
21% 45%
1.0ppm
Nogawa et al.(1998) 1
(6)
18 19
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( 1997)

18
ppb
18
74.66ppm
25-70 WHO 50 2000mg
1 200g 0.275ppm 6 1 2
1
3 0.30-0.44ppm
20
4
Harris,C.E., Pritchard,M.S., and Rabins, M.J." Engineering Ethics, Concepts and
Cases(1995)
(1998)
(NSPE)
1.
1959
121
10 1968
4 23 40
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40

( 1973)

Andreage,M.0., Asami,T., Berting K.K., Buat-Menard,P.E., duce,R.A.,Filip,Z., Forstner,U.,
Goldberg,E.D., Heinrichs,H., Jernelov,A.B., Pacyna,J.M., Thornton,|.,Tobschall,H.J.,
Zoller,W.H.(1984) Changing biochemical cycles,: in Changing Metal Cycles and Human
Health(Nriagu,J.0.ed.), p.359-373,Springer-V erlag,Berlin,Heidelberg,New Y ork, Tokyo

Anwar R.A., Langham,R.F.,Hoppert,C.A. Alfredson,B.V. and Byerrum,R.C.(1961)Chronic toxictiy

studies I11.Chronic toxicity of cadmium and chromium in dogs, Arch.Environ.Health,3:456-460
(1971) 1.0ppm
6(9) 35-39
(1972)
43 339-343
(1973) 44:223 225
(1974) 1.0ppm ( 2)
9(8) 39-43
(1975) 43 678-681
Asami,T(1981)Maximum allowable limits of heavy metalsin rice and soil; in Heavy Metal
Pollution in Soails of Japan(Kitagishi,K. and Yamane,l. eds), p.257-274, Japan Scientific
Saocieties Press, Tokyo
(1987)
13(2) 3-13
(1994) 1._0ppm ( 3)
29(6) 38-44
(1995) 65 1061-1064
(1996) 22:114-133
Asami,T(1997) Cadmiun pollution of paddy fields and human health in Japan; in
Biogeochemistry of Trace Metals(Adriano,D.C., Chen,Z-S., Yang,S-S, and Iskandar,| .K.
eds.), p.217-264, Science Revidws, Northwood.( )
(1997) p-78-93
(1998a)FA0/WHO
24 108-115
(1998b) 69:657
(1981a)
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52 1-7
(1981b)
52 8-10.
Asami,T. and Fukazawa,F. (1985) Beryllium contents of contaminated soils and sedimentsin
Japan, Soil Sci.Plant Nutr.,31:43-53

(1981)
52 433-438
(1982)
53 507-512
(1983)
54 30-36
(1984)
10(2) 3-8
(1988)
59 197-199

Asami,T. and Kubota,M.(1993) Antimony and bismuth pollution of soilsin Japan ,Intern.
Conf., Heavy Metalsin the Environ., vol 2:140-143
Asami,T. and Kubta,M(1995) Background levels of soil beryllium in several countries, Environ.
Geochem. Health, 17:32-38
Asami,T.,Mizui,C., Shimada,T., and Kubota,M.(1996) Detemination of thallium in soils by flame
atomic absorption spectrophotometry, Fresenius JAna Chem., 356:348-351
(1997)
23 p 114-117
(1999a)

(1999b)
( )
Asami,T.,Saeki,S.,Mizui,C.,Nogami,N., Takahashi,M.,Nishikawa,K ., and Kubota,M.:
Contamination of the sediments and soils with thallium and the related harmful metals
Dischareged from the hosokura Mine and Smelter,Miyagi Prefecture, Environ geochem.Health(in  press)
(1979) (1)
50 138-142
(1995) 21
p-6-7
1977) (
2) 48 323-328
Asami,T.,Y oshino,A.,Kubota,M., and Gotoh,S.(1990)Background level of indium and gallium in
Soil with special reference to the pollution of the soils from zinc and lead smelters,
Z.Pflanzen Ernahr.Bodenk., 153:257-259
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(1972) 46 pp57

(1995) No 111 137-139
(1971a) 1 pp.129.
(1971b) 2 pp.85.

Edwers,U(1991): Standards,guidelines, and legidlative regulations concernig metals and their
compunds, in Metals and Their Compounds in the Environment,(Merian,E. ed.)p687-711,
VCH,Weinheim, New Y ork,Basel,Cambridge.

Elkins,H.B.(1959) The Chemistry of Industrial Toxicology,2nd ed., John Wiley and Sons Inc.,
New York.

Friberg,L .et a.(1971) Cadmium in the Environment, p88 CRC, Ohio.

Front,S. and Kleeman,l.(1941) Cadmiun "food poisoning”, Jour.A.M.A. 117:86-89

(1982) 53 550-558
(1996)
No 62 46-63
ICPS(1992a) Environmental Health Criterial34,pp280,WHO,Geneva
ICPS(1992b) Environmental Health Criterial34,pp156,WHO,Geneva

(1978)
No21 95-145
(1998)FAO/WHO 30
48(5) 57-66
(1978) 48 509-515
(1976) -
No 19 71-139
(1980)
31(1) 142-148
(1997) p 152-174
(1974a) p 216-221
(1974b) p 229-230
(1974) 48 ( ) (
pp 22
(1990) 9 -
p 5-29

Keith,L.H. and Telliard, W.A.(1991) Priority pollutants, Environ.Sci.Technol 13 416-423
Kemper,F.H. and Bertram,H.P.(191) Thallium; in Metals and Their compunds in the
Environment (Merian,E.ed.) p1227-1241,V CH,Weinheim,New Y ork,Basel ,Cambridge.
Kitagishi,K. and Y amane,l.(1981)Heavy Metal Pollution in Soils of Japan, pp.302,Japan
Scientifc societies Press, Tokyo
(1997) pp 206
(1990) -1988
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p 20-22
(1988)
59 614-616
(1989)
15(2) 28-32
(1990)
61 190-192
Kubota,M.,Asami, T.Matuki,M.(1990)Anitmony and bismuth contents of Japanese soils plluted
by cadmium and the related elements, Trans, 14th Intern.Congr.Soil Sci., Vol.2:371-372

(1992)
63 719-722
(1995)
21 15-18
(1995) 21
p 2-5
(1976)
No 17 140-149
(1987)
No 129 50-57
(1989)
No 12 185-211.
(1972) 47 7

(1973)
20 12-21.
Morishita,T.,Kishino,K., and Idaka,S.(1982)Mercury contamination of soils, rice plants, and
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(1997) -
34 9-16.
(1963) ( 2)
50 37-49
(1997) NO 113 138-140
(1989) 3 - No 417 29-45

Nakakagawa,R. and Y umita,Y .(1998)Change and behavior of residual mercury in paddy soils and
rice of Japan, Chemosphere, 37:1483-1487

(1991) pp 135
(1970) pp 49
(1995) (1995) 37 259-282
(1979) p 100-128
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(1994) (1)
NO 28 27-39
Nogawa,K.,Honda,R.,Kido,T., Tsurutani,l., Ymada,Y .,Ishizaki,M., and Y amaya.H.(1989)
A dose-response analysis of cadmiun in the general environment with special reference to total
cadmiun intake limit,Environ.res.,48:7-16
Nogawa,K.,Yamada,Y .,Honda,R.,Ishizaki,M.,Tsuritani,|.,Kawano,S., and Kato,T.(1983) he
relationship between Itai-itai disease among inhabitants of the Jinzu River basin and cadmiun
inrice toxcol.Lett.,17:268-266

(1974) 48 pp 193

(1994)
No 35 1-64
(1992)
No 20 1-77
(1997) - (
)
(1964) 10 38 p 30
Schwarz,E.W. and Alsberg,C.L.(1923) Pharmacol.experi.Therap.,21:1(
(1970) 1 22-37 )

Sherlock,J. and Walters,B.(1983) Dietary intake of heavy metals and its estimation,Chem.Ind.
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(1970) 54 pp 304
(1997) 9 pp 457
(1979) pp 317
H. A (1976) p 14
(1975) ( 46-48 ) pp 25
(1994) ( 2)
No 28 41-49
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WHO(1972)Evaluation of certain food additives and the contaminants, mercury,lead, and
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WHO(1999) Evaluation of certain food additives and contaminants(Thirty-third Report of the

-28-



Joint FAO/WHO Expert Committee on Food Additives), pp64
Y amanaka,O., Kobayashi,E., Nogawa,K. Suwazono,Y ., Sakurai,l., and Kido,T.(1998) Association

betweeen renal effects and cadmium exposure in cadmium-nonpoluted araeain Japan
Environ.Res.,77:1-8

(1979)

p 38-71.

(1989) No 24 1-94

(1984)
No 15 1-110

-29-



X1 EEEESROSFEBEZDEE - BAR

s & '65 '70  '75 'S80 '85 ‘90  '95 ‘950884408
PREBEROBLL 84
# () A 751 1127 1148 1270 1748 2368 2227 | R 4fr
®A 117 358 481 570 549 999 1005 16. 8%
3t 868 1485 1629 1840 2297 3367 3232
Exva(t) @ 611 679 632 369 636 434 573
BA 33 32 - - - - — ?
st 644 711 632 369 636 434 573
WEIDA(L) EEE 1480 2546 2610 2107 2611 2445 2693 | HR 14
BgA 23 ? .2 ? 2 3426° 6006° 43.3%
3t 1503 2546 2610 2107 2611 5871 8699
m-hE(Ft) AE 40 34 23 13 11 8§ - R 54z
WA 371 1290 1269 931 965 767 668 6.3%
3+ 411 1324 1292 944 976 775 668
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A 5413 14363 13900 19816 21450 25592 27607 16. 4%
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BA 3 24 24 38 67 145 112 9.7%
3t 397 700 719 747 795 841 7172
HEIXNVE-FEEEFRERAI0, 1997) L D #EHK. As.Be.TIOF — & iZho k.
3 LR (1995) = U19914EEE W A . "I (1997).
BB, HERIVAOBEBHEHITIBENS H B,
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%5 Guideline Values for Tolerable Metal Concentrations in Agricultural Soil. Units:
mg/kg dry weight

Metal Guideline Values According to KLOKE? Guideline Values According
to the Swiss Ordinance on
Common Concen- Maximum Tolerable Soil Contaminants®
tration Range Concentration

Total® Water Soluble?

" Antimony <0.1-0.5 5 - -
Arsenic 2-20 20 - -
Boron 5-30 25 - -
Beryllium 1-5 10 - -
Cadmium 0.1-1 3 0.8 0.03
Chromium 2-50 100 75 -
Cobalt 1-10 50 25 -
Copper 1-20 100 S0 0.7
Gallium <0.5-10 10 - -
Lead 0.1-20 100 50 1.0
Mercury 0.1-1 2 0.8 -
Molybdenum <l|-3 5 5 -
Nickel 2-30 50 50 0.2
Selenium 0.1-3 10 - -
Tin 1-20 50 - -
Thallium <0.1-0.3 { 1 -
Uranium <0.1-1 5 - -
Vanadium 10-100 30 - -
Zinc 3-30 300 200 0.5
Zirconium <10=300 300 - -

? Source: KLOKE (1980), Mitteilungen des Verbandes Deutscher Landwirtschaftlicher Untersu-
chungs- und Forschungsanstaiten (VDLUFA) Heft 1 -3 (1980) '

® Ordinance on Soil Contaminants (1986) issued under Sections 33 and 39 of the Environmental
Protection Law (1983) ’

¢ Extractable with concentrated HNO,

¢ Extractable with aqueous NaNO; solution

%6 Dutch Guideline Values for Metal Concentrations in Soil and Groundwater t.'or
the Judgement of Contaminant Levels in Soil®. A: reference levels; B: levels, w_hich shou'ld give
rise to a more detailed examination; C: levels, which should give rise to a detailed examination
of the area with regard 10 redevelopment measures

Meral Soil (mg/kg dry weight) Groundwater (ug/L)
A B C A B C

Arsenic 15+0.4 (L +H)® 30 50 10 30 100
Barium 200 400 2000 50 100 500
Cadmium 0.4+0.007(L+3H) S 20 1.5 2.5 10
Cobalt 20 50 300 20 50 200
Copper 15+0.6(L+H) 100 500 15 50 200
Chromium 50+2L 250 800 1 50 .200
Lead 50+L+H 150 600 15 50 200
Mercury 0.2+0.0017 2L +H) 2 10 ©0.05 0.5 2
Molybdenum 10 40 200 5 20 100
Nickel 10+L 100 500 15 50 200
Tin 20 50 300 10 30 150
Zinc 50+1.5QL+H) 500 3000 150 200 800

3 Leidraad Bodemsanering. Aflevering 4. November 1988, Staatspitgevm'j’s, Gravenhage
" ® L = percentage of clay; H = percentage of organic matter in soil



&7 . Guideline Values for Cadmium, Lead and Mercury in and on Foodstuffs Recom-
mended by the West-German Federal Health Agency. Units: mg/kg fresh weight or mg/L Relating
to the Edible Constituents?

Lead Cadmium Mercury
Milk 0.03 0.0025 0.01
Condensed milk 0.3 0.05 0.01
Cheese - 0.05 0.01
Cheese (except hard cheese) 0.25 - -
Hard cheese 0.5 - -
Eggs , 0.25 0.05 0.03
Beef 0.25 0.1 0.03
Veal 0.25 0.1 0.03
Pork 0.25 0.1 0.03
Ground meat 0.25 0.1 0.03
Chicken meat 0.25 0.1 0.03
Bovine liver 0.8 0.5 0.1
Calf liver 0.8 0.5 0.1
Pork liver 0.8 0.5 0.1
Bovine kidney 0.8 1.0 0.1
Calf kidney 0.8 0.5 0.1
Pork kidney 0.8 1.0 0.1
Meat products 0.25 0.1 0.05
Sausages 0.25 0.1 0.05
Fish 0.3 0.1 1.0°
Fish products 0.3 0.1 1.0°
Canned fish 1.0 0.1 1.0°
Wheat grains 0.3 0.1 0.03
Rye grains 0.4 0.1 0.03
Rice grains 0.4 0.t 0.03
Potatoes 0.25 0.1 0.02
Green vegetables (except : 0.8 0.1 0.05
kale, herbs and sninach
Kale ’ 2.0 - -
Pot herbs 2.0 - -
Spinach - 0.5 -
Sprout vegetables 0.5 0.1 0.05
Fruit vegetables 0.25 0.1 0.05
Root vegetables - 0.1 -
Celery - 0.2 -
Pomaceous fruits 0.5 0.05 0.03
Fruits with stones 0.5 0.05 0.03
Berries, small fruits 0.5 0.05 0.03
Citrus fruits 0.5 0.05 0.03
Other fruits 0.5 0.05 0.03
Hard/shelled fruits 0.5 0.05 1 0.03
Refreshing drinks 0.2 0.05 0.0t
Wine 0.3¢ 0.01¢ 0.0t
Beer 0.2 0.03 0.0t

* Source: Bundesgesundheitsblatt 29 (1986), pp. 22 ~23

® Maximum contaminant levels according to the Ordinance on Mercury in Fish and Seafood
(1975)

¢ Maximum contaminant levels according to the Wine Ordinance



#38

Data used to Calculate Typical Exposure and Theoretical Maximum Daily Intake (TMDI) for

Lead
Daily Typical
ML intake | Lead range exposure TMDI
Food mg/kg | range(g) | mgkg pg/day ug/day
Fruit 0.1 100-500 0.01-0.1 4 20
(200) (0.02)
Vegetab! 0.1 50-500 0.01-0.05 4 20
-except brassica, (200) (0.02)
leafy vegetables,
potatoes
Brassica 03 10-100 0.05-0.5 5 15
- except kale : (50) (0.1)
Leafy vegetables
Cereals 0.1 50-500 0.02-0.1 6 20
Pulses (200) (0.03)
Legume vegetables
Meat of cattle 0.05 50-500 0-0.05 3 75
poultry. pig and 150y (0.02)
sheep
Fat from meat and 0.05 10-100 0-0.03 0.5 2.5
poultry (50) (0.01)
Vegetable oils
Edible offal of cattle, 0.5 0-10 0.1-0.5 1 25
pig and poultry (5) (0.2)
Milk 0.02 200-500 0-0.01 04 8
(400) (0.001)
Fish 0.2 10-50 0.03-0.5 3 6
(39 @.1)
Crustaceans 1 0-5 0.05-3 1 2
2) ©35)
Bivalve molluscs 2 0-< 0.05-2 1 4
2) 0.5
Fruit juices 0.05 50-500 0-0.02 1 5
(100) (0.01)
Wine 0.5 0-500 0.05-0.1 10 20 b
(100) (0.1)
Instant formulae 0.02 - - - -
Total 48 a 146 C

FAHIE : alZ40. biX50. ciX163n MRV,

X9 RBREHRENBOHSNISEHOBEMBOTIBMELKON FI T LRE

o 1358 (mg/keDW) * XK (mg/kgADW)
3CHR
B T W BE FERX S W B
P SR 4 1.12 0.46- 4.85 544 0.99  0.25-4.23 A
X5 Al Bl 19 6.38 3.90-12.16 19 1.06 0.79-1.44 B
FEFNNRCHERIR®E 69 5.6 1.0-12.0 400 0.90 0.20-3.64 C
B BRI 122 3.11 1.01-17.70 122 0.81 0.41-2.84 D
NOIR - 401 1.43-11.33 - 0.7 0.16-4.81 E

SCHR: AR5 (1984) B SLEEIR (1972) C; RMRNBZTFRHR (1979 D aNIR (1980)
E;RJIIS (1985)
* 0.1 M HCIhHiE



The Sea of Japan . 1
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L 1 J Pacific QOcean

By 3 Sampling locations
% 1 0 Sband Bi contents in the surface soils polluted by heavy metals
(mg/kgDW)

No. Name Location  Pollution n Sb Bi
(Prefecture) sources

Mean*(Min ~ Max) Mean*(Min ~ Max)

1) Kunitomi Hokkaido Cu,Pb,Bi-M&S 24 7.04 (0.612~37.3) 17.1 (0.448~122)

2) Kosaka Akita Cu-M 4 0.894(0.502~1.10) 1.64 (0.437~3.52)
3) Bandai Fukushima Pb, Zn-§ 86  0.630(0.194~3.79) 0.760(0.180~4.72)
4) Nanakai  Ibaraki Cu-M 6 0.613(0.475~0.874) 1.02 (0.407~2.36)
5) Ohta Gunma Cu-M&S 2 1.16 (0.922~1.40) 2.99 (1.81 ~4.17)

6) Annaka Gunma Pb,Zn-S 199  0.758(0.260~7.23) 0.431(0.181~2.72)

7) Fuchu Tokyo Factories 3  1.34 (0.999~1.58) 0.929(0.660~1.17)

8) Akishima Tokyo Factories 1 3.4 0. 800

9) Yokohama Kanagawa Battery-F 23 18.8 (1.39 ~202) 0.500(0.170~1.00)
10) Fuchu Toyama  Pb, Zn-M&S 5 0.824(0.335~1.47) 1.83 (0. 380~3.70)

11) Maibara  Shiga Sb-S 39 17.2 (2.07 ~136) 0.683(0.348~1.67)
12) Osaka Osaka Sb-S 8 110 (3.23 ~277)  0.637(0.297~0. 855
13) Sekinomiya Hyogo Sb-M&S 41 50.3 (0.881~321) 0.239(0.053~0.501
14) TIkuno Hyogo Pb, Zn-M&S 5 1.36 (0.66 ~2.33) 1.59 (0.576~3.44)
15) Saganoseki Chita Cu, Pb-S 2 8.04 (1.38 ~14.7) 2.69 (0.790~4.58)
16) Ohmuta Kumamoto Zn-S 3 0.845(0.672~1.03) 1.67 (1.31 ~2.09)
17) Tsushima Nagasaki Zn-M&S 10 4.79 (0.120~31.8) 0.799(0. 269~2. 35)
Uncontaminated soils 25 0.42 0.37

* Arithmetic mean, M: mine, S: smelter, F: factory.
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Hosokurs ¥ine ¢
& Smeiter !
?——-— Ootakezawa Pand
SS S8

Nakayama Pusp Statioa

O sit @ Sediment

R4 REERES

Z1 1 pNBLUFOTRANERTOT BLURAAEFLRORE (og kg~'&1)
No. Cu Zn As Ag cd Sb Te TI Pb Bi
s N E =B
R1 433 12000 98.4 8.66 886 32.1 2.70 17.8 3520 18.9
R2 2170 5550 436 100 120 388 102 26.5 13600 327
R3 1730 10400 499 125 257 367 46. 4 79.9 15200 183
R4 991 9980, 404  56.9 87.1 177 29.2 31.3 9860 74.8
- B M E B
RS 223 2400 86.7 894 21.8 147 6.74 0.8 1240  5.47
R6 309 5210 225 13.1 54.6 29.2 10.5 21.1 1950 10.4
R7 160 2990 79.2  6.10 39.0 13.8 5.21 17.4 1100  4.32
R8 162 3600 9.5 7.55 57.9 229 878 17.9 1260 8.84
: — 3 M E =B
R9 76.8 1260 49.2 2.92 228 10.7  2.36 6.59 539 3.0
# oM E R
R10 28.8 587 261  0.54 6.06 2.60 0.21 481 115 0.49
Wi EHy 302 3930 132 11.8 49.5 35.4 7.55 17.5 2080 13.9
B E 288 587 261 0.54 6.06 2.60 0.21 481 115 0.49
B & 2170 12000 499 125 257 388 102 79.9 15200 327
#12 HAKL - - NAFFAIBLURMEZOTRROLEITIBIVRAAT TSR RE
(g kg~ '%& 1)
No. Cu in As Ag cd sb Te Tl Pb Bi
S 14 181 404 91.0 3.70 13?2 25.2 1. 2.39 2630 7.10
'S 28 204 1720 84.7 7.43 13.6 22.2 1.'9 2.05 2350 4.03
S3 136 1760 23.2 4. 68 3.96 11.0 0.67 0.78 1230 2.98
S 4 55.5 542 20.0 1.74 2.68 5.07 0.32 0.51 343 1.78
S5 25.9 240 9.3 0.35 3.11 2.48 0.1° 0. 60 161 0.83
S 6° 33.2 313 11.6 0.6l 2.94 2.54 0.21 0.35 246 1.09
S 7° 51.2 275 17.7 0.89  2.24 3.04 .23 0.44 172 1.42
s 8 64.3 678 16.7 1.16 3.81 4.96 0.31 0.43 290 1.78
39 24.6 117 25.3 0.16 0.69 1.93 0.05 0.28 59 0.20
S10 44.3 635 56. 4 0. 65 3.06 4.32 0.10 0. 40 184 0.35
Sit 46.5 1010 60.1 1.45  4.05 4.97 0.10 0.52 313 0.48
S12 52.5 967 60.8 2.07 4.88 5.8 0.21 1.55 557 0.36
S13 86.7 588 25.5 2.00 2.72 4.12 0.10 0.61 438 0.32
Si4 45.7 703 41.1 0.84  4.02 3.60 0.1 0.70 217 0.3l
S15 34.8 627 30.3 1.81 4. 41 4.01 0.14 0.51 404 0.31
S16 39.6 708 44.5 1.95  3.58 5.02 0.13 0.49 453 0.34
S17 24.7 150 10.0 0.13  0.59 1.00 0.13 0.34 32 0.18
S18 18.4 150 11.5 0.14  0.67 (.07 0.1l 0.42 31 0.18
S19 23.2 232 16.2 0.27 (.02 1.37 O0.t1 0.26 58 0.20
BEFY  48.4 472 27.0 0.96  2.85 4.03 0.19 0.58 263  0.65
g & 18.4 117 9.3 0.13 0.59 1.00 0.05 0.26 31 0.18
B & 204 1760 91.0 7.43 13.6 25.2 1.88 2.39 2630 7.10
A, FmHLN: B MLEHW: ToM KELSE.
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%13
Data for Cadmium sontent of food in Japan

”lhne of the foods Number of|Detaction{Aversge [Mex. (Nin, |Percentage of the
. samples |1limit conteat, |cant. |coal. |samples which Cd coat.
(resr of the inspection) (ppm) (ppw) | (pow) | (ppm) | exceed Q. lppu 0. lppw)

Froit (1998)

Jepunoese pear 13 0.01 mw MM

Mandarin orange 17 0.01 KD N )} ND
Cerial (1998, 1996)

Rice T3 0.01 0.07 | 0. 44| ND 3%

Yheat flowr 26 0.0} g.,10 | 0.02{ 0.02 ox
Pulge, leguse (1995 1936} :

Kidney boan 44 0.01 a 0.03] ND (}3
Soy bean .59 0.01 0.11 | 0.87] 0.02 36%
Rad bean 39 0.01 0 0.04{ ND (113
Yege e (1995, 1896)

Hoxrse raddish ] 0. 005 ¢ 0,01} RD

Cabbage 10 0. 005 o] NP ND

Tomato 5 0.406 ND ND RD

Cucumber - § 0.08 1) ND | ND

Spinach s 0.05 0 N | N
Meat, poulpry (1989-1981)

Pork ] 0. 005 D ND ¥

BReef 7 0. 008 XD ND 10

Chicken , 8 0. 005 . 1] ND ND
Bdsblo ofl (1990~-1991) E

Harguxine 104 0.01 ND RD XD

Fat spread 15 0.01 KD ND »

Lexd ' 25 0.01 v ] ND XD

Tellow 6 0.01 m ND N0
Fish : (19396) -t

sardine 15 0.01 0 .03t N2

nackerel 15 0.01 0 0.01] NO

flatfish 15 0.01 ND ND Np

£iatfizh flounder 18 0.01 ND ND 1]

eel 15 0.0t NO XD . o)}

ayn 15 0.01 1] 0.04] N

tuna 15 0.01 0 0.023] NG

skipjack 1s 0.01 0 g.04} ND
Crustacean, Melluse (J996)

gisnt pacific oyster 15 0.01 0.21 | 0.48] 0. 18
short—neck clas 15 0.01 0.05 | 0.07! 0.03

scallop 15 0.0 g.17 | 0.51} 0.0

squid 15 0.01 0.09 ] 0.17] 0.04

comyon octopus 1§ 0.01 0 0.06] XD

kuruns prawa 15 0.01 0.07 | 0.41] ND

red snow crab 15 6.04 0.13 | 0.35] 0.04

E#£% - wheat flourdHFRASHICHEBL.




# 1 4 Cadmium in food

Food ML (mg- | Daily Cadmium Typical ex- | MDI
/kg) Intake Range posure ug/day)
Range (g) | (mg/kg) (ng/day)
(Typical | (Typical
] intake) level)
Fruit - 100-500 0-0.05° 2 -
(200) (0.01)
Vegetables (incl. pota- | 0.05 100-800 0-0.1 9 15
toes)
(300) (0.03)
QOilseeds and cocoa— | - 0-5 0.1-i 0.5 -
beans
() ©.5)
Cereals, pulses and | 0.1 50-800 0-0.2 4 20
legumes except (200) (0.02)
wheat grain and rice
20 - 100 0-0.2 25 55b
Wheat grain 0.2 (50) (0.05)
and rice
Meat of cattle 0.05 100-250 0-0.1 3 7.5
poultry, pig and
sheep (150) (0.02)
Meat of horse 0.2 0-25 0-2 0.2 0.4
) 0.1
Liver of cattle, poultry, { 0.5 0-10 0-0.5 0.5 2.5
pig and sheep
&) 0.1)
Kidney of cattle, poultry, | 1 0-2 0-2 0.5 1
pig and
sheep (1) 0.5)
Fish - 10-50 0-0.05 0.6 -
(30) (0.02)
Crustaceans, 0.5 0-10 0-2 0.8 1.5
molluscs
a3) (crustaceans,
molluscs: 0.25)
Total 23 & 52 &

FEIE : ald24. bix10. clx58mEWN,




#£15 EFHRKPH BRI LORERIHE

No. B n <01 =01 =0.2 =0.3 SFHEG & X MW
ng/ke

% 902 76.7% 23.3% 4.0% 2.5% 0.066(0.005-0.472) XK - /HE(1963)
% %jé 90 6.6 38.8 24.4 12.2 0.13 (0.00 -0.90 ) TEEHRK 1972
3 E¥ 171 62.0 38.0 10.0 1.8 0.10 (0.01 -0.39 ) #EEIR(1975)
4 L¥ 1196 63.0 37.0 14.7 7.0 0.105(N.D. -3.04 ) £k - EMH (1980)
5 %K 33719 56 4 22 10 0.1326 Pl (1982)
6 H¥ 491 61 39 10 ? 0.0990 P (1982)
7 (¥ 713 17 23 ? ? 0.07 (N.D. -0.44) HAQ997)

(%] 1:40&9@%}&0)5%3&%0)1959&3%5&\

e paat g%m%ﬁﬁ . BEHEITEEBER.

: S ND . o

SpmAmotor, 100 ek maman,
: ~ Z Z el ° ] .

4.}lg/k§ BENSHRIT0. 04ng/kgeZ DX N S AR LT 53T LD

K7, -
5, 6: i A AP EGRETROLEHT » O ERANT B I UEI AR

ZEANC BT, 1971~1980E I 53047 ﬂtﬁﬁﬁﬁﬁﬂ&%@T —~Y 28I - X

BMLEDBD, kP HRIUAZHL-BEIZZOS 50— TH5.

Tk D50%4#120. 0808me/kg. FIKD50%E1X0. 0788mg/ke TH 5. WEH I HE
1210%4#. 50%4. %=/ 71t L’CER@?’:’. HOTHBHDT. BEIZEWN,
7:1995-19964E K TH D, BOLXRTHAS. 1997438 OCCFACDT=DIZ. EI‘
ZOP SRR RERWmBERRN 5 1996*?12}53 24H I:CCFAC%?S;E IZFAXTiES

nrEEz25N55—% (Coments on Cadmium as an Industrial

Contaminant[from Japanl (CX/FAC 97/22)).

2 134
HNEREH
cvbhwd
17149198

KE  AENRE (£REREET)
RAEMER, HIF .
RERE. BRELY

£ 3 1
19414914

AU RERONERE
RAXW. RiF
e BRFELY

B NARUNESE (VHwd (REEL(AHE)
ﬂli?\

\
7KLY LRE  HERANE
rRAITHE

ERD
ez

/
\
// #ﬁ!w&z:iﬁﬁﬁ&z\

B5 »v:oamaiemiRke oBE
WET 2415 ARARORRIEDVTC, BIBA A A 2 AR I+ —MKK, p.5-29, 124454
PR RBRE - SFIME» F 0 2 WP ARERS, AL (1990 &b
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&1 6 Cd concentrations (mg/kg ADW in rice grains for various
response rates on renal dysfunction.

Amount of rice ’ Response rate(%)
consumed (g/day)

-5 10 20 50

— mg Cd/kgACW in rice grain —

200  Male ' 0.28 0.38 0.55 1.10

Female 0.30 0.38 0.50 0.88
400 Male 0.14 0.19 0.28 0.55
Female 0.15 0.19 0.25 0.44
600 Male 0.09  0.13 0.18 0.37
Female 0.10 0.13 0.17 0.29

Estimated from Nogawa et al. . , Ministry of Health
and Weifare -, and Sherlock and Waters. -,

#£18 {HAKREBOEXBSIVIRAKBOH N I v AME (ng/g BRESD)

g5 49 55+=3.59 (374
50 19 as
52.45%2.37 (29)

13.53+2.87 (9
20.6513.54 (22
SUFH—n 5.90+2.0y (D

= Cd N) B - ik Cd Ny
FIon 2 *1 (A A |72V #ARE 11.54x1.68 (8 B
45V 8 *7 10 A 42 %51 (6 D
hE 7.58+3.43 (12) B |=v—>7 17.80%£3.09 (3 C
11.60+3.79 30) C 36.13+1.63 (18 B

*—X+397 9.07+2.81 (11) B | &F# 28.17+3.20 Q1 B
PN 9.58+2.79 (15) B |41vFxv7 20.65£3.61 (100 B
AvysFra 11 *4 @ A 29.00+4.02 (2) C
NAERRY 11.09+2.41 () B 40 +42 (1) G
x4 13.58+1.77 (12) B | 74>~ 37 +49 ) A
14.55+3.03 (75) C | =a-— 40 +58 6 A

{71 15.59+2.63 (35) C |14#2v 7 42.54+1.74 (5 B
1512222 6) B | & 30 =11 )] A

PV 17 %20 (M A | 46 *21 ® D
7iYEV 13 +14 ® A 74.66x2.15 (A1) B
C C

B J

C B

B E

A H

A A

A D

B F

A I

11.54x1.68 (18) 61 (88)

41 56 ()] 62 £8 (1196)
A R 19 =5 @ 65 96 ®
FF=7 20 =21 6] 66 5 203>
A= 21.18%£2.71 (& 90 (8163)
Fi=p 23 £23 &)} 141 (3379

Xk A : Masironi et al. (1977), B: Watanabe ef a/. (1989), C : Rivai et ol (1989),
D : Moritsugu and Kobayashi (1964), E : ##k - &K (1979), F : limura (1981),
G : Suzuki et al. (1980), H : f## - BXE(1980), I : Uchiyama (1982), ] : BR(RRHE).
1) XM B, C, H Off: B8 FH+ BAIMMER, XM A, D, E, F, |, ] oFERENFHL AkHN
%,
2) BXk:XMA B, D K XMC E F H I J @E0BSG: XMG.
3) A=AV, YVHE-A, ALRADKEIMA, FF<53L740-0&% 1 RHIBA. fBEREXK.



*®17
PREVALENCES OF ITAI-ITAI DISEASE AND PROTEINURIA WITH GLUCOSURIA IN
RELATION TO HAMLET AVERAGE RICE-CADMIUM CONCENTRATIONS

Females over 50 years of age

Cd in rice (ug/g) N* Itai-itai N® Proteinuria with
disease glucosuria

Control 446 0 (0% 408 20 (4.9

0.05-0.32 (0.15%

Polluted hamlet

0.30-0.49 (0.40) 280 19 ( 6.8) 258 56 (21.7)

0.50-0.69 (0.61) 255 43 (16.9) 240 70 (29.2)

0.70—1.05 (0.82) 105 22 (21.0) 100 45 (45.0)

*Population of hamlet on July 1st, 1967.

YNumber of women examined.
°Means in parentheses.

9Percentage of people with indicated condition.

K19 HREOKBLAHbH v sME (mg/kg &+)

B - #igk e FHE ® OH x ®m

A—=RFYT7 0.20 0.01-0.71  Angelone and Bini(1992)
X F -~ 0.33 0.12-0.54 ”
TAKYT 0.44* 0.24-0.71 Kabata-Pendias et al. (1992)
hFrx 0.07 0.01-0.1 Alloway(1990)
i 0.15* 0.10-0.19 % - XH&FH(1989)
Fre—-2 65 0.215 0.012-0.494 Christensen and Tjell(1991)
T4vIVF 8 0.21 0.04-0.76 Sippola and Makela-Kurtto(1986)
75V A 0.74 0.05-2.00 Angelone and Bini(1992)
L 4 0.52 0.06-2.90 ”
12Y7 0.44 0.07-0.80 Bini ef al. (1988)
=N 465 0.44 0.03-2.53 limura(1981)

” 633 035 Nu-l.ob LA B4 (1984)

” 25 5.30 0.06-0.80 R A 5(1988)
+IVH 925  0.40+0.19 Boo(1994)
Iy z— 0.95 0.4-2.0 Angelone and Bini(1992)
H--Zv ¥ 0.39* 0.08-1.80 Kabnata-Peadisz ¢f a/. \1992)
A—==7 0.90° 0.20-2.70 ” "
A3y pPIFVF 0.47 0.01-2.40  Angelone aad Bini(1997)
ARV 121 0.65%0.20 Aller et al. (1989)
AYz—=F 361 0.22 0.03-2.3 Andersson(1977)
5% 1240 0.06 ND-0.22 Chen(1992)
1¥Y X 1.0°  0.01-2.4 Alloway(1990)
74V HARE 3305 0.27 0.005-2.4 ”
#HROLH 0.35 0.01-2 Bowen(1979)

a ZRMLBMBo» Y v aARHAORHH.
b FEMATH - T, FHMCITi-.



[ 1
45 7
cd
() cd
Cd cd 0.3mg(
)
( )Cd cd
Cd Cd Cd
cd 0.3mg/day
9u g/I( 30 )
Cd (Cd )
Cd
Cd30u g/1
Cd Cd (@30p g/D)
1 Cd ( )0.9ppm(9 10 Cd
1.0ppm )
( 1/4 )
cd
Cd
( ) Cd 30p o/l 1.5 45u g/day
( =33.9 2.5) Cd () Cd ( ) 1,254mg
() 1
1263.5 Cd 1,254mg Cd 1254mg/1263
0.99ppm
Cd (ppm) ( )
Cd (ppm) « 7/ )
Cd 0.99ppm
L+BX1<O.99 A<M+O.99( )
R+1
3 0.04 0.13ppm 0.74 2.38
( 0.13ppm 2.38) <1.35ppm cd
Mg/l Cd () 1.35ppm
( ) Cd ( 9 10%
) a(ppm) Cd (ppm) ( )
( ) Cd

Cd

Cd

.50=

(30



1.25ppm

a><r+b><1< 1.35-b

1.35 a< +1.35
r+1

b 0.16 0.35ppm r 0.57 1.1

( 0.70ppm 1.1) cd
< 1.94ppm
(1.94ppm) (1263.59)
1/2 0.9ppm (9 10%
Cd )
« )
400 200
400 ( )
( ) 3 (y=38.9x+1.9) 30p o/l Cd 0.72ppm
0.72ppm x
(18199/1263.5g)=1.04ppm( 12 ) 5
(0.99ppm) 5
cd cd
W ey

o el Bl s o o
&5l kg s o
BT e BINRER 4 o

N
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A%
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cd
0-9ppm)

30u g/
Cd
Cd

Cd

154 g

13u g

504 g
cd

Cd

P 229-230
1970 7 24
(Cd)
0.4ppm
1.0ppm(
Cd
Cd Cd
Cd
Cd
cd 1.0ppm ( )
1.0ppm 1
334.79( 41 11
) 500g 500u g
Cd
82 150u g( 44 )
Cd 650u g
0.0 ppm 1 1.5 Cd
665U g Cd
Cd 0. mg/
0.05mg/m? 8
Cd 500u g 10%
S0u g
2%
6654 g 2.0%
Cd
cd
Anwar
Cd 10ppm
Cd
1,000p g/kg Cd

1 665u g(13u g/kg)

1.0ppm
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2)

1960

46

25

()

D

10

51 REEF-EHhIitEBAEM

hFE9L | 0.0lmgl BF kiR 0.0005meg/L ELF
RETE Img ¥ kg FR

BT IR ERGLS FI-FLAE | BEDcEY gL E

i 0.0 1mgL BELF + Lezs 0.01imgL BEIF

77 0L | 0.0smgL B F o RRETIE 15mg't kg A

e 3 0.0lmgl BT PCB WEPI R =L
B TIL 15me/t kg =M
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39 voC
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500

5

6)

N

8)
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D
2)

K K/TNO Conference on Conaminated Soil

(1999)

3)W.W.Kovalick Jr & John Kingscott: Proc. of Second Conf.on Environmental
Goetechnics, 1515-1530(1997)

4)
5)
6)
7
8)

14

33

32

245-246(1998)
115-116(1997)
Vol 13 1115-1120(1997)
33 253-254(1998)
121-127(1999)
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( )
(WHO) (tolerable daily
intake TDI ) TDI
21
( ) (
) «c )
2
1
(PCDDs)75 (PCDFs)
135 210 PCDDs
1 I
. 9 0 . P 9 1 5 3 2 2 3
7 3 L 4
; @ : 0 5§ 65
4 4
Chx b Cly Clx © Cly  efe Sy
PCDDs (x +y=1=—8) PCDFs (x ¢y = 1—8) PCBs (x+y=1—10)

B1 &4+ oMo ems

-54-



PCDDs PCDFs

WHO

2 3 7 8-TCDD 1

( D 2 3 7 8-TCDD (TEQ:toxic
equivalents) PCDDs 7
PCDFs 10 PCB
12 Co-PCB PCDDs PCDFs
2 3 7 8-TCDD 0.6 2.0
9/kg
FBl FMAFryAOBESEEEN
< PCDDs > < PCDFs > < Co-PCBs >
23,7.E-TCDD 1 23, 1.8-TCDF 1 344'53-TCB 0.0001
1,2,3,78-PFCDD 0.5(1) 1,2,3,7,8-PCDF 0.05 33 4,4-TCB 0.0001
1,2,3,4.7.8-HCDD 0.1 2,34, 78-FCDF 0.5 3344 5-FCB ol
1,2,3,6,7,8-HCDD 0.1 1,2.3.4,7 8-HCDF 0.1 2,3 44 5-PCB 0.0001
I:IlarTJE'.g"HmD ']-1 1|2F3|5|?|'B“HCDF ﬂ-]. MJ‘I“.#"H:H “-ml
1;3.‘;&7.3—“@]: L'F.-ﬂ] IM!‘L&?‘HCDF I}-.] m.*-‘.sﬁﬂ U'.MJE
oCDD 0.001 (0.0001) 2,3,4,6,7.8-HCDF o1 34,4 5-PCB 0, (MR
1,2,3,4,6,7,8-HpCDF 001 3,3 4.4'55-HCB 0.01
1,234,7.8,9-HpCDF  0.01 13344 5-HCR 0.0005
OCDF 0.001 (0.0001) 23344 5-HCRH 0.0005

2,344 55-HCE 000001
3344.55-HpCB  0.0001

{ ) AETLCo-PCB ORHMIZ. WHO TEEZNTWASAN, DAETOUY A FFEIZE
ERENT I,

o
90%

5000ng-TEQ

CNP 1 3 6 8-TCDD 1 3 7 9-TCDD
PCP  OCDD( 8 PCDD)
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400 )

¢))

10

0CDD

15

(2 3 7 8-TCDD 7.2ng/1)

700 ( 180
310nm
« 2
2 A3 HoEREKkOHEER
Rtk R W (HRE) Ay =ik EEEOSESE
HRERE (D
M.CDD 100 08 x 10 0.07
D.CDD a0 5.6 x 10' 0,04
T.CDD 5 2.8 x 10 0.2
T.CDD (2,3,7,8-T.CDD) 1 14 x 10 1
PCDD 0.2 7.0 x 10° 5
H:.CDD 0.04 42 x 100 30
H.CDD 0007 1.4 x 10" 100
O:CDD 0.001 9.8 x 10° 700
23,7 5-T:.CDD OERE 0.0072mg
0CDD
1
PCP 1977
15 2)
10 1

3)
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10m

5 5cm
30cm
2mm
10 50g
( ) 2 3 7 8-TCDD 0.2pg
10 11 ( )
9 10 10
300 0.001 550pg-TEQ/g
230 0.12 370pg-TEQ/g
10 5
( ) (
5 0.70 140pg-TEQ/g
) ( ) (
3 2

#3 HBRUFFOEEINE (EW-~ 5cm) w#f##sf}r!iﬂiﬂg}
( : 1998)

Fmts AhrE PCDDs PCDFs TEQ
Bt (@ -8 22000 ~ 170000 330 ~ 22000 45~ 26
HEmBHetE (s 820 ~ 13000 70 ~ 740 132~ 55.8
s (o 550 =~ 2900 25 ~ 360 1.5~94
et () 100 ~ 7100 2 ~ 400 0.6~ 83
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b)

1,3,6,8-TCDD 1,3,7,9-TCDD

0CDD
50cm 2
25cm 25cm
0.084pg-TEQ/kg/day 0.008pg-TEQ/kg/day 5
( )
( )
( )
( ) 1000pg-TEQ/g f
10pg-TEQ/g 40pg-TEQ/g
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520
1971 DDT BHC

¢ H°
95% 4 30 3 10

#4 MNLWECEIIHMERRBEOBRM (ppb: dry) (M : 1992)

a-BHC B-BHC 7 MY pp'DDE pp'DDD DDT

Yo Il {(LVER - - - .08 0.10 -
]| P o - 0.05 - 0.25 0.13 0.37
RIE S | 0.12 0.09 - 3.50 033 215

Yu Il (2) ER .29 022 = 1.40 057 0.71
gt 0.12 0.08 - 1.40 0.92 3.00
R St - = = 0.738 011 1.70

Ka 1) ER = — - 0.15 0.08 0.08
AP L = - - 0.32 0.69 6.46
o fL Ey e o ] .11 0.13 = 2.06 0.9 1.27

Kalll(2) EW - 0.11 0.53 1.78 1.18 1.1
i 0.16 0.07 0.25 1.74 0.54 2.80
Mt St 0.05 0.09 0.43 0.13 0.63
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@

60%

@

2
1cm 25 30
20%
( 57 10
EPN)
ES BEOERPIZHETSENE (B)
(&R : 1992)
| Him HKELTN
. W KUK R KUK
¥ AT 1y T-14 T-14 3-7 3-7
¥ Akx-} 30-60 30-60 14-30 7-30
T oLy 12-29 13-16 T-14 T-14
T -1 01 02 02
TR UK 14-21 1421 14-21 1421
BPMC 7-14  7-14 56-B0 59-114
=7 -3 -3 0-3 0-3
FEH 0-16 i-3 1-3 3-5
FITRS 30-50 30-50 i0-15 10-15
TPN . | 0-1 01
(
pH )
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50

80%



Ppm

W BHEN

1

A [HEE

10F

nm

o nEmE
® 30 EEFe0 Bik

|

e LR T ——

—ERRERDEN 10cm D
et Laforb | F T

\

ﬁl‘ 5o LT

i
52

x
il

.2 57 L1 4 iv

Yemr

&l

ad

*

a3

Hi1

H2 BES NP ORkBELEPOREROER (B S mMEHHETES : 1000

CNP

(10

8)

(enhancement)
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®

(

)

SPEED’ 98

9

40

(ADI

-62-

18
acceptable daily intake)

20 )

21

11)

67



(1)0Ozaio C E et al.:Chemosphere25 1469 1474(1992)

)
3
(4)
®)
(6)
Q)
@C )
C)

23 15 19(1998)
pp 57(1998)
( )

pp 182(1997)
37 88 94(1992)
( ) pp 310(1992)
24(11) 388 402(1990)

SPEED’ 98- pp 24(1998)
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pp 59(1998)



PCB DDT

PCB

(remediation )

21
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PCB PCB
PCB
PCB -PCB PCB

(MTBE)

TNT

1980

(EPA)

( )(Soil Vapor Extraction)

(Air Sparging)

(Soil Vapor Extraction System)

(Bioremediation)
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| (Thermal Desorption)
(Soil Washing)
(Chemical Dehalogenation) (
[
(Solvent Extraction)

(In Situ Soil Flushing)

(Soil remediation)

( )
PCB
(Glycolate Dehalogenation) APEG(A
NaOH PEG )
PEG PCB
4
— -APEG
( )

(In Situ Soil Flushing)

(Soil Washing)
C pH) ¢ pH)

-66-

APEG

APEG

KOH



(Soil Washing)

)
)
(Soil Vapor Extratction)
SVE
(vapor extraction)
BTEX(
) (VOCs)
(
)
(Solvent Extratction)
« )
3 ( )
PCB
PCB
C )
(
( 0.76m*)yd 35 )
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15
10-20
2
(Kd 5-500 )
(20-100%)
(15 100 50-100% )
)
2TCE 30, 2H,0 - 4C0, 6H" 6CI-
( )
(Bio-augmentation)
1.
PCB
DDT(1,1,1-trichloro-bis-(4-chlorophenyl)ethane(
dichlorophenoxyacetic acid)( )

-68-

)

DDT

100

TNT

2,4-D(2,4-



1
a)
©)
(metolachlor)

(carbofuran) 5- Rhdococcus ~ PCP

(tetrachloro-para-hydroquinone) Flavobacterium

Phanerochaete chrysosporium 2,4-D
2,4,5-T
NADPH
(s-triazine) 2,4-D
a -
(heptachlor) Rhizopus, Fusarium, Bacillus, Streptmyces
(sulfoxide) (sulfone) R-S-R*
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b)

(linuron)

d)

PCB

TCE

PCB

(lindane)

PCB

TCE

DDT
(methoxychlor)
PCB PCP PCE(tetrachloroethylene)

OH 0,
(carbofuran)
2
( )
PCB (TCE) PCB
PCB
TCE
TCE
TCE
(CBA)
(BA)
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CBA Burkholderia andropogonis NK8 3-CBA
,4-CBA NK8
( 60%)
« )
2,4-D a-
3,5-
Alcaligenes eutrophus IWP134( pJP4)
(purple bacteria )

variovorax paradoxus TVI

(
)
3
( )
insitu exsitu 2 insitu
( ) ex situ
a) (In Situ Bioremediation)
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ex-situ remediation
ex-situ remediation

( )
bioventing
Bioventing
( )

b)Ex Situ Bioremediation
Ex situ

bioremediation

( )
C )

(

static pile composting
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©)

in situ

mechanically agitated in-vessel composting
windrow composting
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windrow



