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, 2527)
(De Datta, 1981)

14

) ( 1 2531)

5111

(Ishizuka, 1976)

(Makino, Mae and Ohira, 1983; Grindlay. 1997
Jiang et al, 1999)

0.140-0.149%
(42 1
(5
2 | 2 | (0193%)
(0174%
2 | (0178%)
2 (0.190%) 2 |
2 | (0.209%)
( 41)
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14

( 2531)

511

Halaz
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( ,
2531)
2 |,
2 |
(0.014%, 4.1)
1.100
( , 2542)
( , 253) /
(Adriano et al, 1980)
( , 2531; Pilot and Patrick, 1972)
14
(0.1-0.2%)
( , 2531)
5112
(De Datta, 1981)
11.50-
1299 ppm ( 4.2) ( 10-15 ppm)
( ,
, 2534; FAO Project Staff and Land Classification Division, 1973: R3)
14
(5]
2 2 | (16.17 ppm)
(13.96 ppm)
2 [ (1492 ppm) 2
(16.11 ppm)l 2 | 2

(25.88 ppm)
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2
2 |
(5.48 ppm)
(Scotti, Silva and Botteschi, 1999)
(1,704.96 ppm)
(pH 4.16-4.49)
( 43)
( , 2535; Brady, 1974;
Sanchez, 1976) (Phongpan,
1987)
14 (1525 ppm)
( ,
, 2534; FAO Project Staff and Land Classification Division, 1973:
3J)
5113
(De Datta, 1978)
97.40-
106.64 ppm ( 4.2) ( 90-120 ppm)
( , 534,
FAO Project Staff and Land Classification Division, 1973: 4)

14
(5]
2 | 2 | (186.84 ppm)



159 ppm (

(131.40 ppm)

2 |, (176.64 ppm)
2 |

Silva and Botteschi, 1999)

( 120 ppm)

Division, 1973

69

(194.28 ppm)

2
251.87 ppm
4.1)
(Scotti,
(Rabinson, 1930)
14

(
, 2534; FAQ Project Staffand Land Classification
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5.1.2

( , 2520)

(

and Kirkby, 1982)
( , 2526; Hewitt, 1953)
( , 2543 )
14
(
) ( , 2531)
5.1.2.1
14 ( 4.3 4.5)

Atomic absorption spectrophotometer
0.10 ppm
2
(0.531 ppm,

71

, 2526; Mengel
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( , 2544;
, 2531; Chaney, 1982, Mengel and Kirkby, 1982)
50-100 ppm
(Chaney, 1982: 5)
5.1.2.2
0.002 ppm
Atomic absorption spectrophotometer
0.001 ppm ( 43) 14
(52
2 2 [ (0.003 ppm)
(0.002 ppm)
2
(0.003 ppm)
(0.016 ppm, 4.1) (0.003 ppm,
4.1) 5.33
14 ( 4.5)
Atomic absorption spectrophotometer
0.001 ppm
0.001 ppm
3-5 ppm (Pendias and Pendias, 1992: 5)
5.1.2.3
1,214.67-
1,508.33 ppm 10.10-18.92 ppm ( 4.3)
' 14

(531
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2 | 2 |,
(F-value = 1.6IN9
885.33-1,296.83 ppm ( 45)

(F-value = 2.81NY

3.54-11.52 ppm ( 4.5) '
(1,822.25 ppm 237.13 ppm, 4.1)
!
( " , 2520;
, 2528; , 2531, , 2542; Evans and

Kamprath, 1970; Haynes, 1984)

27-270 ppm (Coutler,
1972: 5)

5124

0.026-0.037 ppm

Atomic absorption spectrophotometer
001 ppm ( 43) 14
(54
2 |, 2 |
(F-value = 2.28NY
0.034-0.065 ppm ( 4.5)

0.107 ppm 0.018 ppm
0.096 ppm ( 4.1)
14 Atomic absorption spectrophotometer
001 ppm ( 4.5)



40 ppm (

(WHO)
| 2541;

74



Suunaiiounanua (ppm)
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0.004
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0000

5.2

Trace

0.001 ppm

14

14

Atomic absorption spectrophotometer
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n Trace

0.01 ppm

5.4
14

14

Atomic absorption spectrophotometer

77



52
F-value
2 /

521

43.38%)

(388.10

1)

5.5)

(446.95

A

8



[

(66086 ./ )
( 4.1)
2
2
( 4.4)
(
2522)
( 4.4)
Fe, Al oxides ( , 2531)
(De Datta, 1981) (
)
( 45)
( , 2520)
( 45)
o 2
(2544) (2546)
480.67
2541 64096 /1, 2544 20-22
2 46% 17%
( , 2543)
2
2 1
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5.2.2

2.3-1,700 ppm (

5.2.2.1

52.2.1.1

5.6)
16.40-17.24%
2,

81

1.8-8,000 ppm, 0.1-25 ppm, 11,500-144,000 ppm
2541, . .EPA, 1988)

( . 2520)

(F-value = 0.52N\9
2 {
16.40%
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1 16-20% ( , 2545;

, 2546)
(  2541) 1
(rétrogradation)
| 2541; . 2545)
52212
( 4.9 5.6)
2 2
(F-value = 6.23*%)
62.67 . 72.33
2 | (6250 )
(61.00 ) 2 |
2 | 715.17
1 69.00 . 12.33
(61.00-75.17 )
61-100 . (
| 2533; , 2537: | 2541)
(Perez, 1979)
( 2541; , 2545)
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5.2.2.1.3
( 49
5.6) (F-value = 1.07N\9
6.15-6.65 2 |
2
2 | 2 1,
1 67 ( , 2545;
 2546)
(  2541)
2 1
2 |
1
5.2.2.2
1.8-8,000 ppm, 0.1-25 ppm, 11,500-144,000 ppM  2.3-1,700 ppm (
(2541, . EPA, 1988)
nickelplasmin
(
, 2538; , 2542)

( . 2545)



(itai-itai byo)
( , 2531,
2544)

| 2542)

( , 2543; , 2544)

1 4.10)
Atomic absorption spectrophotometer
0.10 ppm, 0.001 ppm, 2.0 ppm 0.01 ppm

(Dias and Polo, 1988)

]
0.19 ppm ( , 2531)
08 ppm ( , 2532)
2 ppm-
 2541) ( )
2 | 2
( )
1 2
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5.3
5.3.1
5.3.1.1
(5
2

2

1 2520)

I (0.170%)
(0.126%)

| 2527)

(0.0172%)

8



(1.610%, 4.1)
2
2 |
(
53.1.2
, 2527)
(- 57)
2 | 2
2 [ (1233 ppm) 2
10-25
( , 2539; , 2545)

(Haseman, Brown and White, 1950)

( ,
Project Staffand Land Classification Division, 1973:

(10-15 ppm) 2 |

87

(0.1-0.2%)
1 2531)

(13.09 ppm)

(12.80 ppm)
(14.27 ppm)

75-90

, 2534; FAQ
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53.13

( , 2544)
(De Dana, 1978)

(- 57)
2 2| ,(157.24 ppm)
(88.08 ppm)
2] (154.36 ppm)
2 2 |, (167.36 ppm)
257.87 ppm 4.1)
(Suwanarit and Narkviroj, 1976)
(available potassium)
(soluble potassium)
(extractable potassium) CEC :
( , 2530)
( , , 2534; FAQ
Project Staff and Land Classification Division, 1973: 4)
( 120 pm)
2 |, 1
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5.3.2
( , 2520)
( , 2526; Mengel and Kirkby, 1982)
( , 2526; Hewitt, 1953)
( , 2543 )
53.2.1
( 4.7) 2 |
A

Atomic absorption spectrophotometer
0.10 ppm

( ’ 2531; Chaney, 1982; Mengel and

Kirkby, 1982)

50-100 ppm (Chaney, 1982 )

5.3.2.2
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2
0.003 ppm (F-value = 0.29N9
0.002-0.003 ppm
( , 2539)
2 | 2
Atomic absorption spectrophotometer
0.001 ppm
3-5 ppm (Pendias and Pendies, 1992
)
3.2.3
(58 2
2 |
1,338.50 ppm (F-value =0.89 Ny
1,097.12-1,600.33  ppm
2
2 4.56 ppm

(F-value = 1.69N9
4.56-11.86 ppm
4.4
( , 2520) Al
' ( , 2531)

27-270 ppm (Couder, 1972:



5.3.2.4

(0.076 ppm) 2

(0.072  ppm)

Atomic absorption spectrophotometer
0.01 ppm

(0 Neill, 1993)

(WHO)
2541 5)

520

0.107

520

92

2 [ (0.077 ppm)

(0.030 ppm)
/
1 2 |
ppm
40 ppm- (
2 |
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0.001 ppm

Atomic absorption spectrophotometer

0.01 ppm

95%
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