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1994 25.8kg
19kg  13.9kg
1965

5,955

1994
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1965
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3.4kg

500

1994

13



95

1991 3

(1991. 9. 9.

3,340

8

4364 ,

392 )

(1991. 9. 7.
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13462 )

91
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2-1.
(%)
(kg)
550 51.1 58.4 58.7 600 | 547 | 587
400 49.5 64.9 60.1 650 | 581 | 617
90 81.4 80.3 82.6 302 | 735 | 870
1 82.0 86.8 85.0 75 | 704 | 860
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2-2.

(%)

(kg) (%) NFN
550 82.5 19 0.5 9.3 4.0 15.8
400 80.7 3.3 0.7 9.3 3.9 171
90 735 5.0 0.4 6.7 4.4 16.6
1 785 7.9 0.8 5.9 2.0 16.6
16 77.0 6.2 15 8.8 2.1 185

90 95%
2-3,
1 1 (kg) 1 ()
(kg)
250 25 5.5 8.0 0.9 20 29
230 2.4 55 7.9 0.9 2.0 29
230 3.3 55 8.8 1.2 2.0 3.2
30 1.3 2.0 3.3 0.5 0.4 2.1
60 2.3 3.5 5.8 0.8 13 0.9
90 2.7 5.0 7.7 1.0 1.8 2.8
1995

- 14 -




(DM) (TDN)

X (1- ) X (1- TDN)

(1- )
2- 4. : kg

70% | 72 | 74 | 76 | 78 | 80
5 025| 040 | 030 | 0.10 |0.33|0.36|0.39 042|046 050
10 | 030 | 070 | 050 | 0.20 |0.67|0.71 | 0.77 | 0.83 | 0.91 | 1.00
15 1 035 | 1.00 | 072 | 0.28 |0.93|1.00|1.08|1.17 | 1.27 | 1.40
20 | 040 | 120 | 0.84 | 036 |1.20 129|138 138|164 1.80
25 045 | 135 | 095 | 040 |1.33 143|154 167|182/ 200
30 | 050 | 150 | 1.05 | 045 |150 161 | 1.73|1.88]| 205 2.25
35 | 055 | 165 | 115 | 050 |1.67 1.79| 192 | 2.08| 227 | 250
40 | 0.60 | 1.80 | 1.26 | 054 |1.80 193 208 | 225|245 270
50 | 065 | 220 | 154 | 0.66 |2.20 236 254 |275|3.00 3.30
60 | 070 260 | 1.82 | 0.78 |2.60 2.79 | 3.00 | 3.25| 3.55 | 3.90
70 | 070 | 280 | 1.96 | 0.84 |2.80 3.00 323|350 3.82|4.20
80 | 070 | 300 | 210 | 0.90 |3.00 3.21 | 346 |3.75|4.09 | 450
90 | 0.70 | 320 | 224 | 0.96 |3.20 343|369 |4.00 | 436 4.80
60 | 055 220 | 154 | 0.66 |2.20 236 254 |275|3.00] 3.30
80 | 050 | 240 | 1.68 | 0.72 |240 257|277 |3.00| 327 | 3.60
100 | 045 | 260 | 1.82 | 0.78 | 260 | 279|300 3.25|3.55 | 3.90
1986
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2 3 , 4 5
3 4kg 2.5 5.5kg
75 80% 88 92%
1
2- 5. PPM, g/l
BOD SS P
kg/l
19 60,000 114 |220,0004 418 |10,000| 19 | 7,000 | 13.3
35 5000, 18 4500 16 | 5000| 18 400 14
54 24,000 130 | 80,000| 430 | 6,800| 37 | 2,700 | 147

- 16 -




2- 6. 1 ( 100 )
100 | 3.0 X 100 = 300kg| 5.5 X 100 = 550kg 850kg
7 2.7 X7=19 5.5 X 7 =39 53
495 | 0.8 X 495 =396 | 1.0 X 495 = 495 891
518 | 1.9 X518 =984 | 3.5 X 518 = 1,813| 2,797
20 | 1.9X20 =38 3.6 X20=72 108
1 |1.9X1=2 35X1=4 6
| 1,143 1,73%g 2,971kg 4,705
1 1.5 2.6 4.1
2-7.
70%| 80%| o)
© 1,739 522 348 173
© 2,971 2,971 2,971 2,971
© 4,710 3,493 3,319 3,144
© 104 31 21 10
BOD © 15 15 15 15
© 119 46 36 25
(my/D! 25,000 13,000 11,000 8,000
() 382 114 76 38
SS © 13 13 13 13
© 395 127 89 51
(m/D! 83,000 37,000 27,000 16,000

- 17 -



100 1 :
, 45 )
2- 8.
BOD(mg/1) | SS(mg/1) |
50 50
9((5- 6.30 N 150 150
1,500 -
1,500 | -
)
96.7.1 -
350 350
500 500
1995.7
2-9.
(ko) BOD (ka)
50 869 1,485 2,352 52 74.2 59.5
100 1,739 2,971 4,705 104 148 119
200 3,478 5,942 9,410 208 297 238
300 5,217 8,913 14,115 312 445 357
400 6,956 | 11,884 18,820 416 594 476
500 8,695 | 14,855 23,525 520 742 595
| 1,000 | 17,390 | 29,710 47,060 | 1,040 | 1,480 1,190
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70m2

- 19 -

1.
4364 4715
(1991. 3. 8) (1994.1.5)
13462 14450
(1995. 9. 7) (1994.12.23) (
392 7
(1991. 9. 9) (1995.4.1) (
( 5 ) ( 7))
1,000m2 250m2 1,000m2
500m2 250m2
( 20 2

250m2




mg/1 mg/1} mg/1 | C /ml) (mg/1)
95.12.31 40 - |70 13,000 -
96.1.1 30 - 130 3,000 120
99.1.1 30 50 30 3,000 16
95.12.31 40 - 170 - -
96.1.1 30 - 130 - 120
99.1.1 30 50 |30 3,000 16
T
(96. 6. 30 )
150 1,500
(mg/1)
150
(mg/1)
5 ) )
33
50mg/1

- 20 -




0196 7 1

50 350
(rg/1)
50 350
(rg/1)
150 500
(ng/1)
150 500
| oy
24 4
5
3 15
4 , 22
) 33
) 10
, 4 6
25
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30
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90%

- 24 -

40



- 25 -



(1)

(2)

(3)

(4)

(5

15

41
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(1)

(2)

(3)

(4)

(5

(6)

(7)

(8)

54

- 27 -
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(1)

(2)

(3)

(4)

(5)

35

( 54 6

- 29 -

)

59



1. (
1 - 30
2. (
( 15
)1 3.
(
4. 1
39
21
1
7
44
66

- 30 -
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( 13 3 )

50

2- 10.
200 [20%  |40%  [80%  [100%  |200%  |300%  |400%
1kg 100%
40% 80% 200% 300% 400%
250 | 3.0l 4.0 4.5 5.0 5.5 6.0 6.5 |7.0
250 | 3.0l 4.0 4.5 5.0 5.5 6.0 6.5 |7.0
1 = - )+
X 100
2.
1970 4,497 , 1975
9,816 , 1980 6,006 , 1985 4591 , 1990 3,443 , 1992 3,065

() 1936 ( 63%)
) 1,183 (39%)
40%, 29%, 22%,

- 32 -

9%

(



2-11. ( ) (1992 )
609(51.5)| 786(40.6)! 37(13.7)| 42(28.4)! 1,210(39.5)
103( 8.7)| 430(2.2)| 176(65.4)| 19(12.8)! 669(21.8)
348(20.4)| 544(28.1)! 32(11.9)| 69(46.6)! 875(28.5)
112¢ 9.5)| 141( 7.3)| 19( 7.1)| 15(10.1)| 260( 8.5)
11¢ 0.9)|  54( 1.8) 5( 1.5) 3( 2.1) 51( 1.7)
1,183(100) |1,936(100) | 296(100) | 148(100) | 3,065(100)
33.6 63.2 8.7 4.8 100
1,210
2-12. (1992 )
1 49 1 50 199 | 200 499] 500 999]1000
149 224 266 246 325
W] 12.3 18.5 22.0 20.3 26.9
) 22.5%

9.7%

- 33 -




62%

32%

12%,

56%

, 54.5%, 13.7%, 7.4%,
24.4% 37.3%,
39.6%, 41.6%, 12.4%

2-13. ( )
9.9 9.4 32.1 11.5 5.1
86.6 89.7 - - -
3.5 1.3 11.7 63.6 15.0
- - - 0.6 13.0
- 6.7 56.2 24.3 66.9
100.0 100.0 100.0 100.0 100.0
64.0 - 54.5 - -
1.4 - 13.7 - -
1.7 - 7.4 - -
32.9 - 24.4 - -
100.0 - 100.0 - -
1989 1992 1983 1987 1987
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2-14.

)

(1

()

(1970

50m2

(1970 137 )

50
138 )
200m2
6
1 50
50m3 )

- 35 -

30



PH BOD COD SS

58 86| 150ppm 160ppm 200ppm 3000 /cm3 120ppm 16ppm
( ( ( ( (

50 9.0| 120ppm) | 120ppm) | 150ppm) 250ppm) | 50ppm)
1991 7 ( ) 1 1000m3
COD 30 50ppm, 1,000m3 COD 60 90ppm
( ) (1984 91 )
1 1 ( ) 1 ( )
12
(1968 97 )
« )
(1)
2- 15.
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12 - 13

12

12
13

12

12

12

4.15%

80%

90%
3.5%)

4.35%

5%
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(2)

10 90% 5% 3.5%

2- 16.
10 ( ) ( )
7 FRP ()
6
5 ( 1 1 1 )
4 I ( 0661 )
3 (2 )
(3)
2-17
80% | 3
10
4.15% 100
( 4.35%)
40% | 100
4.6%
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(4)

40m2

1/2

50m?2
13

18/100

2/3

. EC

EC

70

80

- 39 -




2-18. EC

1985 EC ( )
35%
50mg/1 lha
2, 4 5 16 133
2-19. EC lha
() 4.5 24 2.3
() 9.0 7.1 1.7
() 300 48.2 -
() 900 - -
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EC

EC
50mg/1 80 100mg/I1 25%
(NEPP)
2000 70 90%
2-20. ha (PDHkg
1987 1995 2000
250( 139 ) 175( 97)
350( 194 ) 175( 67)
(1986)

(1986)
ha

- 41 -



EC

120

100m

2,500

9
( 360 ) 15
50m
(Green- Water)
(NPDES) ,
1,000 ,
10 1,000
30 60m

700

45

NPDES

25kg



1
b b 5 b 7
3-1.
1,000m2 720 500m2 360
250~1,000m2 180~720 250~500m2 180~360
70~250m2 50~180
95. 2. 11 ~ 3. 25 , ,
3-2. , , (94 )
2,722 2,694 99 28 1 239 9
24,431 20,319 83 4,112 17 1,530 8
51,031 32,783 64 18,248 36 1,553 5
78,184 55,796 71 22,388 29 3,322 6
94 96. 6. 30

- 45 -




59%, 21%,

20% , 72%,
22%, 6%
3-3. (94 )
( o)
1995 | 1930 | 425 | 219 | 694 | 1338 | 180 | 236 | 185 | 601
10,960 | 9,842 | 1074 | 1226 | 3942 | 5792 | 321 | 2901 | 828 | 4050
8,745 | 6,611 542 658 1,209 | 2,409 22 3,257 923 4,202
21660 | 18392 | 2041 | 2103 | 5845 | 9530 | 523 | 6394 | 1936 | 8853
38,827 , 1,655 (4.2%), 11,974
(31%), 25,198 (64.8%) 99%,
86%, 67%
3- 4. ,
586 583 | 2489 | 2,079 | 6821 | 5234 | 9896 | 7,896
503 499 | 4281 | 3884 | 8677 | 6347 | 13451 | 10,730
425 | 425 | 3840 | 3336 | 7,165 | 4263 | 11,430 | 8,024
141 140 1,364 977 2,545 1,017 4,050 2,134
1,655 1,647 11,974 | 10,276 | 25,198 | 16,861 | 38,827 | 28,784
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'90

- 47 -



420
: 50%
“ “ : 50%
*x | 1000
: 50%
“ “ : 50%
* 5,000
) : 70%
: 30%
*x 1000 ()
(
)
“ 20,000
10,000
) : 70%
: 30%
10000 ()
© 100,000
: 3,000
: 5,000
( 50%, 20%,
30%)

* %

* %%

- 48 -




90

90
, 95 1,000
95
3- 6. /
91 93 94 95
23,665 135,694 9,538 86,040 10,681 109,455
l l ( l l
), ( )
' ( )1 ’
S (91 94) , (95 )

- 49 -




(1991. 3. 8. 4364
) : :
01
32 1994 12
78,184 21,660
3-3 9,939
2,041 (20%), 2103 (21%), 5845 (59%) ,
8,853 523 (6%),
6,394 (72%), 1,936 (22%)
(1)
305
196 (64.2%)
, 56 (18.4%),
53 %(17.4%) 305
3-7.
500 501 1,000 |1,001 2,000/ 2,001
10 22 18 6 56 184
17 13 12 11 53 17.4
9 72 27 7 196 64.2
117 107 57 24 305 100

- B0 -




198

2 (1.0%) 183
(92.8%) 13 (6.5%) 2,000
3-8.
500 501 1,000 | 1,001 2,000 | 2,001
2 2 1.0
62 86 27 8 183 92.4
7 5 0 1 13 6.5
69 01 27 11 198 100
82 (41.4%), 65 (32.8%), 45 (22.8%),
6 (3%)
3-9.
500 501 1,000 | 1,001 2,000 | 2,001
32 27 6 0 65 | 328
20 22 3 0 45 | 28
1 5 6 30
26 43 10 3 82 | 414
78 92 20 8 198 | 100
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305

44 (41%),
37 (35%), 26 (24%)
3- 10.
500 501 1,000 | 1,001 2,000 2,001
- - 12 8 20 18.7
13 15 12 4 44 411
19 21 3 - 43 402
32 36 27 12 107 100
(2)
3-9 198
82 ) ,
65 500 33
500 32 5
KIST
3-11. © ppm
BOD |[COD | T-N | T-P| SS |[BOD|COD |T-N|T-P| SS
1 394 | 1,783 | 4,000 955| 81 |1,890 22| 131 32| 15 33
2 500 | 2,300 | 4,670 | 1,230 | 123 |1,900|2,100|4,083|1,131| 55 | 285
3 450 | 2,413 | 4,083 | 1,131 | 55 285 292) 873] 264| 59 50
4 700 | 2,450 4,189 | 1,127 | 54 289 192, 963| 259 | 40 49
5 580 | 2,370 | 3,910 | 1,114 | 52 279| 165 820| 256 | 36 47
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45 500
20 ,500 25 10
3-12. > mg/l
BOD COD SS BOD | COD SS
1 250 4250 | 6,780 | 1,810 174 690 135 1
2 500 3,520 | 5,327 415 63 112 45 1
3 130 2,800 | 4,732 | 1,316 17 104 9 1
4 180 2,420 5,157 1,137 14 95 2 1
5 300 4180 | 8,781 | 1,964 130 294 33 1
6 200 3,750 | 7,950 | 3,800 63 150 18 1
7 230 2471 4,200 1,161 173 311 45 1
8 300 5157 | 8,715 773 361 942 78 1
9 200 2,142 3,641 267 15 218 52 1
10 320 3515 | 5834 456 203 978 115 1
11 110 6,310 | 11,193 726 1493 | 2,180 956 1
12 450 4950 | 7,300 646 398 1,120 427 1
13 250 3,500 | 5,250 420 58 112 71 1
14 280 4280 | 6,863 856 173 620 171 1
15 190 5857 | 9971 | 1,230 42 203 209 1
16 1,100 3,980 | 5,973 469 65 128 12 3
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3-13. : mg/l
BOD |COD | T-N|T-P| SS |BOD|COD|T-N|T-P| SS
1 24000 3030 | 5451 | 3% | 102 | 2443 | 19 | 145 | 35 18 27
2 | 3980 | 2120 | 4,381 | 553 74 900 15 44 12 13 17
3 2821|2763 | 5560 | 1,100 | 117 | 1980 | 24 | 148 | 105 | 13 22
4 | 1,765 | 10,155| 17,591 | 2,350 | 193 | 8,700 | 1,128 | 2,040 | 789 | 34 | 427

)

3-14

(1)

- 54 -




60 70% ( )
¢ )
C )
90%
62.3%
6.8kg(  2.5kg, 4.3kQg) 1
(90%) - (65%)
= X
(65%) - (25%)
150 180
90 120 60 90
3- 15.

- b5 -

25%

62.3kg

= 62.3kg

()



20 25
15 20
5 7

15 20 | 35
15 20 | 30
20 25| 25

60
45
40
32

25 25
20 25

65 90
40 65

150 180
90 120
60 90

(2)

60

70%

1993(

- 56 -

85 90%

75 80%

, EC




75

0.93kg

80%

37.5%

21%
80% -

25%
2.5kg

65%
= 37.5%

- 57 -

65% -

25%



- B8 -



- 59 -

Compost



- 60 -



70% ( 60 - 65%)

80% ( )
( 4,800 Kcall 1 Kg)
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( ) (4,500 Kcall
1 Kg)

4-1

- 62 -



70 %

Compost

BOD SS

- 63 -



- 64 -



4-1.

(70%

)

- 65 -




1.9kg, 3.5kQ)
65 70%
15% )
) (
( ) :
( ) 40- 50cm
agent

- 66 -

Bulking



BOD

SS

- 67 -



compost,

- 68 -

manure




(composting)

(compost)

- 69 -



- 70 -

(

, 1985)



(CIN
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(pH),

(1)

55- 65%
(umadub  45%
20%
85%

80%

0.3-0.5

80%

- 72 -



0-0.6

C.G. Golueke(1972)

75- 85% 55- 65%

- 73 -



(2)

1)
p=fnvL/(02D2(1-e)2e3 1)
1)
Free Air Space(FAS)
2)
FAS(%)=[1-B/S x W - B/ x (1-W)]x 100 2)
B: , X , X , W:
KIST (1995) 14.5%, 13.6%
, 65% 30%
K. Nagasaki(1988) COZ2kg dry
Sludge

5-10 cm

- 74 -



(3) CIN
CIN

C/N

25

(4)

7- 10

- 75 -

C/N

C/N

C/N

10- 30

C/N

20

60



(5)

(6)
) 60cm

30-40 %

(7)

- 76 -



0.05m3Imin/m3 1m

0.1 m3min/m3
, 75 %
8)
1
1-2 , 1/
15 1
, 20- 40 5-20
(1)
4-4
0.5 , 1
1 ,
2

- 77 -



KIST (1995)

(2)

100% 5

- 78 -

30%



(1)

4- 6. Gel- chromatography
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“ (Windrow)” 1931

VAM( 1 ) Triga , Wiesloch
Triga
4-6
5m3Imin 12x 6% 2.5m
( )

- 80 -

W iesloch



225
m3 235 0.33 m3
(2)
)
Scoop ,
, hood
Process 1950
Bin

80%

65%
50%
am3 225 31
(
Rotary
(Endless )
Compact

Dano

Scoop

9-10



4- 4.

, 1987)

- 82 -




*()
*y

*x

- 83 -

10

, 1987)

6}

6} 6} 6}

6} 6} 6}

6} 6} 6}

6} 6} 6}
6} 6}
6} 6}

20- 40




Earp- T homas

1-3
40 m
(3)
1kg 5000 Kcal, 4000
Kcal . (KIST) 4000,
2900 Kcal/kg). 2500 Kcal
, 50%
80% , 75% , 70%

K/(Ca+Mg)

- 84 -



(1)

1kg ( :
) 25 582.8kcal (2.44 MJ), 100 539.8 kcal( 2.26MJ) ,

1kg

800- 2000k cal (3.35- 8.37 MJ)

(2)

4- 6
lkg ( , JIS )
1kg 750mmHg (Torr, ), 120 , 1,205
kg/m3 0.83 m3
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100%

20
10 , 30 10 4
4-6 kg
( :9/kg)
(%)
(
50 70 90 100
5 2.7 3.8 4.9 54
10 3.8 53 6.9 7.6
20 7.3 10.2 13.2 14.7
30 133 18.8 24.3 27.2
40 23.5 33.4 43.6 48.8
3)

- 86 -



1000k cal

2000kcal(8.4 MJ)/mA

im?2

(1)

4.5kg,

1000k cal

1000k cal

- 87 -

1kg

2.0kg

4500 kcal/m2d,



(2)

dw/dt = - ljq . W/M = - ljgw2
j = 18/22.4 . pd(p0- ps
ps p0 =exp[A- B/(T +D)]:Antoise eq.

- 88 -



q (m3hr), | v (kg/N.m3,

ps (P9 pO (P9
0-80 Antoise eq. A 11961, B  3993.7
D 2339 T ()

pg p0 =ex p[11.961- 3993.7/(T +233.9)] =ps 10330

1 1 m2 45-5kg,

1.5- 2kg

(3)
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(1)

- 900 -



4-7.

- 01 -



(2)

(3)
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4-8. Cage

30%
4-7

N | PD5 KD | CaO | MaO |[Na® | TC | n f
M | 8L1 | 365 | 641 | 301 |1129| 142 | - | 268 | 15 | 5
CV | 55 | 147 | 225 | 166 | 199 | 162 | - | 210
M | 850 | 354 | 549 | 341 | 496 | 138 | - | 377 | , | &
CV | 69 | 200 | 213 | 200 | 450 | 267 | - 7.0
M | 757 | 343 | 603 | 199 | 436 | 159 | 059 | 358 | ;5 | gg
CV | 112 | 124 | 382 | 307 | 318 | 182 | - 6.8
M | 720 | 229 | 256 | 241 | 224 | 106 | 103 | 361 | ; | g
CV | 159 | 78 | 660 | 152 | 229 | 180 @ - | 130
(1)

- 03 -




1 2 1

compost . ,

(Liquid

Liquid composting

(2)

- 94 -

compost)

4-12



- 05 -



(1)

- 06 -



(2)

- 97 -



(3)

()
1960

- 08 -



(

(

)

)

vacuum car

4- 10

- 99 -



- 100 -



(1)

(2)

(3)

4- 10.

- 101 -



(1)

pH 6.5,
6Lair/m2
8.8

(2)

(3)

1ton

4- 8%

1

- 102 -

m3
(1981
200CP
60

(m3hr.t)

pH



(4)

57-70

- 103 -

1- 5m3hr.t



» EC(

N(%) = 0.018EC(ms/cm)

K20(%) = 0.011EC - 0.01

- P2ODHmg/L) = 602 x

r =09

r = 0.96

(

(%) - 57 = 0.81

( %)

- 104 -

1980)

EC



DM N P25 | KO | Cod | MgO | Na© Tc
070 | 1857 | 714 | 10.00 | 286 143 571 -
4.05 1018 5.32 4.86 2.86 1.39 217 46.6
1995
22

- 105 -

66%




106 -

. 10-B 10-&m



, 10-6 - 104m

colloid

(Septic Tank), Imhoff

, . 4-12

— BOD, SS T - €02

Nitrosomonas Nitrobactor

- 107 -



Compact

(N) —— NH3—— . NO2—— NO3 —~-N2

Acinetobactor, Pseudomonas

(P) S -

4-11.

4-13

—— : , (RBC)

— . Lagoon

- 108 -



T T

_,___.___
I

(1)

4-12.

Alum

)

- 109 -

Floc

pH



A)

B)

- 110 -

(Foam)

Forthing



4- 13.

(2)

(Septic T ank)

- 111 -



(Solide- liquid Separation)

COoD 10- 18%

(3)

Scum

- 112 -

SS

22%,



(4)

(Environmental Disaster)

()

60- 70

Willams

- 113 -

im



(Media)

1.0-1.5m

10- 20m3m2
1,000
, BOD 1.2kg BOD/m3 ,
BOD, COD 85- 90%
Column
2
Column
Composting Bulking Agent
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B OD (mg/l C O D (mg/l S S (mg/l)
(C)
121 933 | 66.3| 929 461 | 50.6| 89.0 268 | 36.4 86.4
17.8 945 | 40.0| 95.8 413 | 331, 920 243 | 134| 945
25.8 931 | 37.4| 96.0 438 | 50.6| 884 234 | 145| 938
KIST 1992
(6)
(Oxidation ditch process) 1954  Pasveer
Im (Ditch) (Rotor)
(Rotor) 80- 100 rpm,
7- 10cm BOD 0.6- 1.0kgBOD/m3day
(Evaporation)
(Foaming), ,
(7)
(Lagoon)
Bacteria
(Algae) Hetrotropic Bacteria

- 115 -




3-4.5m

(8)

BOD 0.1-05 mg/l

FeCl3

- 116 -

20- 60

2-3m,

Pump

10

10- 30



Cake

(9) Bio- Reactor

pH

4- 14.

NaOH  pH

Bulking

, 24

, FeCl3

pH
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4- 10 , Bio- Reactor 4- 15

- 118 -



4- 15. Bio- reactor

4-10. Bio-reactor

BOD(mg/1) CODMNImg/ ) SS(mg/ )

10,000- 20,000 3,000- 4,000 -

4,000- 10,000 1,500- 3,500 4,000- 10,000

600- 1,700 200- 1,000 1,500- 4,000
5- 30 20 - 100 30 - 80
3- 20 10 - 40 10 - 20
1- 10 5- 20 2- 15
(10) (KDST)
KIST
Compact
4- 29 ,
, 1

- 119 -




100%
MLSS

Pin- floc

- 120 -



4- 16.

CH4
co2

M ethane(CH4

- 121 -



COo2

: | Methane
: E Forming
: (Hydrosis) : Microbes
| |
i i
| Acid forming
Long- chain Fatty Acid > Short- chain Organic Acid
Ammonia Acid Microbes Alcohols
Sugars
4-17.
Zehnder ) )
(Extracellular Enzyme)
Acetic, Propinic, Butyric, Valeric
Capric Acid (Volatile Acids) Propionic, Butyric
Acid Acetic Acid

Escherichia, Aerobacter

Propinic  Butyric Acid

M clnerney

Acetic Acid

,  Mckinney Peudomous, Flavobacterium, Alcaligenes,

(PH2 PH2
Acetic Acid CO2
Propinic Acid  Butyric Acid
CO2 , Propinic Acid  Butyric Acid
PH2
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10-4 atm

Acetic Acid

(ORP)

4HCOOH -

CH4 CO2

70%

Acetic Acid

300 mV

Acetic Acid

2

Propinic Acid Acetic Acid

CH4 + 3CO2 + 2HO

CH,ON

2C+HD
24 gr

- 123 -

CH4+ CO2
224 L



24 gr 224 L CH4

24gr 64qr COo2
2C + 02— 2C02
24 gr 64 gr
COD 1 gr 224 L/64 gr COD = 0.35 L/gr COD
035L CH4a
Biogas CH4 COZ HZ=5, H2 CH4 CO2
HZS
. CH4 cCO02
(CHO) —— 3C02+ 3CH4
(Glutamic Acid) —— 3/4C0O2 + 5/2CH4 + NHHCO3 + NaHCO3
(Butyric Acid) —— 1/2C02 + 5/2CH4 + NaHCO3
, Biogas 50% CH4
50% CO2 . pH
Biogas 7% CH4 | co2
pH . Biogas 83%
CH4 |17 % CO2 pH

pH CHa
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CHON( ) + 4 HO —— 3/2 CO2+ 5/2 CH4 + NHAHCO3

CH4 64 % pH

(COD, TS, VS)

TS
CH4
(Granulation)
35cC 50cC
. pH
55 pH 6.5
pH 70 - 75
CH4
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S04

Microbes

Reducing Microbes
CH4

Microbes

S04

SO4

- 126 -

HZS

Sulfate Reducing

CH4

Sulfate

Sulfate Reducing



65% 80 200cm

- 126 -



100
Okg ol 5% 0.95
0 0
30% 38% 35.7 94 65 0.62
0
20% 021 31.3 149 65 0.54
0
10% 27.8 347 65 0.45
0
0% 0.006 0.8 140 65 0.35
1995
65%
0.6
, PH, C/IN
60- 70%
20 30%

65%

- 127 -

90%




60%

3000kcal/m2/ x0.60=2000kcal/m2/

, 10%

2.0%, 0.7%

3.3-6.7mm/ )

- 128 -

FRP, FRA

10

02-0.4 m3 .m3(



15

4800kcal

0.7%

30 60

, 1kg
51
, 30
, 1kg
2-3
, , 1 2.0%
0.1%
1
(keal)=( x0.02)+( x0.007)x4800kcal
1kg
0.02kg 96.0K cal ,
0.007kg 33.6Kcal
( x96.0kcal)+( x33.6kcal)

- 129 -



1kg

1kg
800k cal
1kg

4,500kcal,
5kg

1)

()

4,800kcal

500g

()

1kg

5- 6kg
lkg 800 kcal
6kg
900kcal,
() 2.0%,
(kg) =
x 0.02 x )+H(

0.7%

1kg
1kg

x 0.007 x

X 100

- 130 -



)
( x 002 + ( x 0.007)
1 = x 100
1 = x 1
2)
( )
80% 50%
5-2.
30.0kg 6.0kg 24.0kg
114 8.6 2.8
414 14.6 26.8
- ( X X )
14.6 kg - 2.44(146 kg x 0.0124 x 135 ) = 12.16
= 1kg X
6.0 kg x 2.44 kg = 14.64 kg
26.8 kg - 1464 kg = 12.16 kg
( ) = 12.16kg( ) + 12.16kg( ) = 24.32%g
12.16 kg
x 100 =

- 131 -

24.32 kg

x 100 = 50.0%



, 80% ( 25%) 65% ,
135 14.64kg ,
50%
5-3
5- 3.
65% 70% 75% 80% 85% 90%
30% 12.8 15.1 17.6 20.4 23.6 27.2
40% 11.1 13.1 15.4 17.7 20.6 23.7
50% 8.4 10.0 11.7 135 15.6 18.0
60% 38 4.7 5.2 6.1 7.0 8.1
1
5- 4.
05 t/m3 20 ms /t
0.4 t/m? 25 ms /t
0.6 t/m3 1.67 m? /t

- 132 -




1)

()= )X
( )=l( 1/( /100)
( ) 100cm ,
(
5-5. ( )
(%)
85- 75 0.7 t/m3 143 m3t
75- 60 0.6 1.67 05 t/m3 2.00 m3t
60- 50 0.6 1.67 04 250
50- 30 05 2.00 04 250
30 05 2.00 0.4 250
2) 1
(/1) (11)=
5-6
« )
)X
9689.5
(3,197 ) 6817.6
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1 1455.8 (480 ) 1

21.4%

30-100 / ,

45-60 /

3-6

30% ,

- 134 -



1.5%/
0.5% ,

, 10%

- 135 -



5- 6. (1,0 )
(m3 (m3 (m3 (m3
65% 12.8 0.371 0.205 0.0294 | 0.0192
70 15.1 0.709 0.378 0.0554 | 0.0347
75 17.6 1.056 0.581 0.0845 | 0.0546
30%
80 20.4 1.693 0.938 01346 | 0.0877
85 23.6 2.832 1.558 02266 | 0.1463
9 27.2 5.331 2.938 04243 | 0.2747
65 11.4 0.331 0.182 00262 | 00171
70 13.1 0.590 0.328 0.0472 | 0.0301
75 15.4 0.924 0.508 0.0739 | 0.0477
40%
80 17.7 1.469 0814 | 01168 | 0.0761
85 20.6 2.472 1.360 01978 | 0.1277
% 23.7 4.645 2.560 03697 | 0.239%4
65 8.4 0.244 0134 | 00193 | 0.0126
70 10.0 0.450 0.250 0.0360 | 0.0230
75 11.7 0.702 0.386 0.0562 | 0.0363
50%
80 135 1.121 0.621 0.0891 | 0.0581
85 15.6 1.872 1.030 01498 | 0.0967
% 18.0 3.528 1944 | 02808 | 0.1818
65 3.8 0.110 0.061 0.0087 | 0.0057
70 4.7 0.212 0.118 0.0169 | 0.0108
75 5.2 0.312 0.172 00250 | 0.0161
60%
80 6.1 0.506 0.281 0.0403 | 0.0262
85 7.0 0.840 0.462 00672 | 0.0434
% 8.1 1.588 0.875 01264 | 0.0818

65%
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1.0%,

0.3% :
0%
5-2
68%
4.
1) : )
. 3 ,
1.8- 3.6m,
1.8-5.6m, 1.8- 2.5m, 8- 50m3 , 5-15

- 137 -



2)

3)

1/50

, 20-30

(

1%/

(65%

- 138 -

50cm

30- 50cm

(0.2- 0.3kW)



4)

)
( )
( )
7-30
1) : 2.0- 6.0m, 20- 60m,
0.5- 2.0m
( )
(1.5 5t)
2)
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3)

(FRP FRA) ,

4) : 65% , 20-30

1-2 /

0.05

0.05-0.3 /

1.5-2.0%

- 140 -



5)

6)

5-7
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5-7.

D J M T
LL D
(m) 50- 80 | 67 6.4 30 4.4
(m) 15- 17 | 10 10 08 08
(m)| 15- 17 | 10 10 07 08
(m) 55 6.0 60 27 36
(m) 2.0 16 16 1.0 12
(ton) 100 50 30 11 45
15 0 15 5 10
5 4 2 1 3
05  05X2| - - 1 -
(HP) 1 5 2 -

275 3% 19 7 16
12 06 12 1.0 40

(m/ )
2 2 1 0.75 05

(m/)
(HP) 3X4 3X3 5

12
3
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5%

60- 65%
: 25%
1 1m3 45 50kg,
1.5- 2.0kg : :

, 1kg
5- 7kg
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10 4

, 10-15 /

75%
2.5m 13 65%
43%

- 144 -



75%( ) 65%( . )

5-3. 2

5- 4.

- 145 -



10,000k cal , 8,610kcal

13

1kg 3,000

- 146 -

4,500 kcal

1,100mmAq

11



30
20 22 kg/
1kg

700k cal, 900k cal

70%

50 60%

(%)

147 -

1

800 kcal,



15cm . 45

2-3%

, 10m

0.7-0.8m , 25m
10cm

5-5

- 148 -



1.0m3

6.9 823l,

1.2m

- 149 -

PvVC

251

. 2-3



40- 70

pH 9 ,

20%

- 150 -



(m3h)

1 1- 5m3h

1Im3 /0.37m3h

- 151 -



KIST

- 152 -



BOD, SS 150mg/l BOD

1 0.2kg/m3 BOD SS 0.5kg/sskg 24m3Im3
1 10
[ J j ] i ] i ]
L‘ l‘ L‘ l‘ [
P o X
5- 6.
2
Mesh 40
, 0.2 kw 2 . 12°
( 5- 6).

- 153 -



Blower 2.28m3 75 PS
30
, 4
pH 8
67
BOD
BOD 1,300ppm
BOD 57%
, BOD 97%
360ppm ,
220ppm, 65ppm
82%
24ppm, 6ppm, 3ppm 87%

- 154 -

, Roots

3,000ppm

85ppm



1 (
45 )
21 :
1
( BOD 120ppm )
, 2
2 1
o1 1
COD BOD 98% 1 0.3 m3
1 10 )

- 155 -



4. TBX

BOD
(TBX)
TBX
BOD 2,000ppm/1, SS 3,000ppm/ 1, 700ppm/ 1, 60ppm/ 1
BOD 20ppm/I1, SS 20ppm/1, 70ppm/ 1, 8ppm/ 1
60kg
2400 90mZA12.5m x 7m) , 4.3m
3.1m . TBX
6 78m2
115mZ16m x 7m) . 10mm
0.3mm
TBX . TBX 6 .
2
4 BOD
180kw . TBX

- 156 -



- 157 -






20cm

20cm
20cm
50:50

40mm PVC

40mm PVC 500
1,000 ()
3mm 45

3 1,2

- 159 -

50cm

150mm

12

PVC



10 30

6,000kcal/N-  (CH4
182.7 . 1kg
3,000kcal,  2,430kcal
100, 400,

Biogas

Biogas,

3
30 40
Biogas
(40%) (60%) S
. Biogas
9,500kcal/N- ) 821 ,
732kcal,

300 4001/kg

300

- 160 -



pH  6.4-7.2

Biogas , ) )
10- 20

5% . ,

(2 )

- 161 -



20

258

40

pH
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(Biofertilizer) (Soil conditioner)
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¢ ) (
(Soil Conditioner)
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( [1983])
3
(Vnpk) 6-1 3 N- P25 K2
kg 0.3-0.37-0.20 US$ (1990. 12, FOB , Parr
[1994])
6- 1. kg
N PD5 KD CaO MgO NaDd T-C ***Vnpk
L*/S**  eemmmmeeiea o (YoDM)- == = e e e e mm e us$/kg
7762 M 30.6 361 554 149 411 1.56 0.33 41.3 0.021
cv 241 173 180 544 355 39.6 53.6 0.4
5/50 M 36.3 6.18 519 310 1098 144 34.7 0.030
cv 42.3 215 288 98 255 21.6 21.5
1/2 M 59.6 400 445 297 160 0.77 0.022
cv - - - - - -
10/100 M 19.9 219 178 17 1.70 0.83 0.27 34.6 0.011
cv 263 154 119 365 180 246 22.3
L*: , S**. , M: , CV: , *** NPK
[1983]
6-1 : : kg
0.021, 0.030, 0.022, 0.011 US$ Uss 800
kg 16.8 24 176 8.8
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6-2
6- 2. NPK
N P25 KD CaO MgO Nax T-C NPK
L*/S** —eeeee-- - (%DM)------m e m e - /kg
7162 M 306 361 554 149 411 156 033 413 16.83
cv 241 173 180 544 355 396 536 04
10/89 M 75.7 343 603 199 436 159 059 358 17.37
cv 112 124 382 30.7 31.8 182 - 6.8
16/227 M 428 222 325 153 300 097 014 399 1056
cv 219 177 486 39.8 60.0 496 - 166
2/12 M 30.3 292 595 474 138 087 0.62 - 17.87
cv - - - - - - - -
3/34 M 60.5 227 367 121 400 1.16 - 388 1101
cv 133 93 151 801 - - - -
2/131 M 245 257 197 038 152 038 011 - 8.97
cv - - - - - - - -
1719 M 0.70 1857 7.14 1000 286 143 571 - 55.72
cv - - - - - - - -
2/28 M 405 1018 532 486 286 139 217 466 3455
cv - - - - - - - -
/711 M 20 325 - - - - - - 78.00
cv - - - - - - - -
L*: , S**. , M: , CV: %
@ [1983]
kg
> >> >> > > > >
>>
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21-17-17 kg
2
6-3
(3
( 5%

50%

- 167 -

)

83.72 /kg(104.65%/ )

6%)

[1994.8. 12])



6- 3.

( /20kg) ( /20kg) ( 120kg)
1000 3607 3400
960 3277 2000
355 5112 3500
1000 2176 2300
700 3548 2500
240 *2106 1200
260 * 2005 1200
375 *775 1333
700 * 958 1800
, [1995]
6-4
6- 4. [1980.6]
T-N C/IN T-PD5 T-KD pH CEC
% % % % me/100g %
70 1.2 30 05 0.3 55~75 70 60+ 5

%
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pH 55 7.5
3.
6- 4
1990 FOB
T-KD 0.30, 0.424, 0.120 US$
800 /$ 100kg
135
20kg 1,200 /11
3,500 1/26
20kg 2,475
3
18 10

- 169 -

6-4

pH 6.8-9.0
100kg 3
T-N, T-P25
0.844%
675.2 20kg
18
135



( ) 1/1.724
14.50%
25% 1/50 0.5%

C/N 29.0

36%, 42%

C/N 83% C/N

6-5
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6- 5.

(US$,1986)

40%

g/m2 $/m2 $/ha

20% %/

g/m2 $/m2 $/ha(l) $/

50 00175 70

Plastic emulsions

75 0.025 50 ---

Bitman emulsions

- 171 -

25 00175 70 50 0.035 70 0060 00425 34
Poly(vynilacetate)

20 0.0275 110 50 0.069 138 0.060 0.0825 66

Poly(urea- formaldehyde)+ironsulphate+urea

30 0.018 72 75 0.045 90 0.060 0.03625 29
Poly(vinyl alcohol)

20 0.050 200 50 0125 250 0.040 0.100 80
Polybutadiene

20 0.055 200 50 0.138 276 0.040 0.110 88
Poly(acryl amide)+added glycol

10 0.054 216 25 0.135 270 0.020 0.1075 86
Poly(urea)+poly (ethylene)

20 0.075 310 50 0.188 376 0.020 0.075 60

(1) 2.5m2 =800 /ha, (2) =40x40x50cm=80dm3 dencity=1.25



C/N
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C/N

C/N

50- 100
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C/N

C/N 20
. CIN 20
C/N
C/N 20

C/N C/N

[1974]).

(  [1976]).

- 174 -

20



C/N 130- 1,400

55- 65aC

C:N
40- 60%, 20- 40cC

55- 65¢C

- 175 -

15- 35,

40cC



pH 5.0- 9.0

30%

- 176 -



(CEC) :

70- 80cC
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6- 6. ( [1993])
( )
1) Golueke (1972)
2)BOD (1984)
3) Godden (1986)
4) (1979)
1) (1980) (1985)
2) (1976) (1981)
3) (1979)
4) (1986)
1) (1979)
2) (1980)
3) (1981)
1) C/N Poincelot(1975),Golueke(1981)
2) C/N Chanyasak (1981)
3) (1979)
4) Spohn(1978), (1984)
5) (1983), Finstein (1985)
6) COD Lossin (1971)
7) pH Jann (1960)
8) EC (1981)
9) (1978)
10) (1991)
11) (1979)
12) CEC (1980)
1) Hertelendy(1974), (1979)
2) M orel(1982), . (1982)
3) (1981)
1) (1979) (1984)
2) (‘85)
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600C (
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100

100 (%)
. CEC
CEC
C/N . CEC (Cation
Exchange Capacity) (NH49, (K, Cat),
(Mg, (H4) () (
) ( )
(- COOH)
CEC CEC
CEC (Harada
[1990]). 0.05- 0.5M HCI( )
(H4)
( ) 0.5M
( ) 0.05sM NaOH
100g
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(NO3 N)

(NOJ

, 60aC ( ) 3
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(NH3

25ml

(20cC)
30

(NH3

30

30mg



20cC

2-3

( 9cm)

- 182 -

10ml

100%

50



- 183 -

(CEC)
1980
(92,365 ) (616,687 ) 709,052
( 10 [1989]).
1960
8,181 6-7
6-7. «( ) ( )
(ha) OM(%) P25* *ExK *ExCa *ExMg *CEC SiO2* Mg/K
1964- 1968 (8,781 )
859,547 200 114 0.320 42 120 10.30 - 3.75
1,212,178 2.60 60 0.230 45 180 11.30 78 7.83
1980- 1989 (709,052 )
859,547 193 228 0.595 466 142 9.33 2.39
1 844,220 2.16 97 0.245 414 144 9.38 86 5.88
2 367,958 274 138 0.319 3.69 1.38 9.97 98 433
1,212,178 2.34 109 0.267 427 142 9.56 90 5.32
* , , me/100g, ** , ppm



6-7

Mg/K 1980

(OM),

(ExCa,ExMQg)

1980

(OM)

1960

(P209, (ExK)

Ca Mg

- 184 -

(CEC)



6-8

6- 8.

OM P25 Exch. Cations (me/100g) N (ppm) EC
pH % ppm K Ca Mg Na Mg/K NH4NO3N dS/m
65 25 990 025 57 12 0.06 4.80 56 112 168 0.31
6.1 28 1,031 180 64 23 010 128 7 31 38 233
6.8 88 979 236 99 40 080 1.69 14 102 116 1.84
6.3 78 2400 190 90 48 054 253 15 163 178 2.60

2 61 55 1805 1.00 76 3.8 062 3.80 11 91 102 3.00
3 58 48 1832 110 81 39 083 355 13 338 351 6.40
6.2 30 1,55 090 74 13 001 144 14 44 58 1.10
69 32 1992 082 74 39 0.17 476 14 434 448 0.70
2 73 27 1524 058 80 28 015 4.83 11 266 277 0.50
[1990]
6-7
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( ) ( )
( ) EC(Electro Conductivity)

1.0
10- 15cm ( ) 1.25g/cm3
(NH4 N+NO3 N) 10a 11kg 2
7 12.75- 84 kg (PH  122- 450kg,

(K20) 14.5-208 kg

1960 1990

6-9
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6- 9.

(

[1979])

(Al)

- 187 -




C/N

( 0.002mm

)
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6-8

(0.02- 0.002mm)



1:1

25%
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C/N

6- 10
6- 10.
1 2 3 4 5 1 2 3 5
(%) 11 11 11 10 11 16 23 24 31 4.2
(ppm) 369 376 381 392 404 786 850 1020 1230 1850
K(me/100g) 025 03 03 04 04 060 135 1.60 33 15

, 1994
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6- 10

3
3-4 6- 8
6- 11
(EC)
6- 11 (EC) *
(EC dS/m)

0% 10%  25% 50%
1.0 1.3 18 25
1.0 17 2.8 46
1.2 2.0 31 5.0
1.3 2.1 3.2 5.2
15 2.2 33 5.1
18 2.8 4.4 6.3
17 25 38 5.9
15 2.4 38 6.0
25 3.3 4.4 7.0
25 35 5.0 7.6
2.0 33 5.3 8.6

* o = EC x 0.064

- 191 -



6-11 EC

2.5dS/m 3.3dS/m 10%, 4.4dS/m
25%, 7.0dS/m 50%
EC ( )
( ), ( ) ( )
() C ) (
) () ( )
6-12
6-12 0OC (  ¢/100g H2)
( )
( )
Na+ NH4+ K+ Ca+2 Mg+
(CO3) 7.0 100.0* 51.3 0.001 0.01
(S042 4.9 70.6 7.4 0.300 29.00
(Cl-) 35.7 294 28.0 59.500 52.80
(NO3) 73.0 124.0 133 121.200 66.60
* 15aC
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(NH4+~ N) (

) [(NH4Z203 15aC 100g  100g

12

(Readily Minerallizable Carbon=RMC)

( )

45 mMol 10 50 mMol
( )

) ¢ )

(Nitrousamines)
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( ) (baby
blue disease)
(
) 6- 13
6- 13 (%DM)
( /10a)
0 2 4 8 16
NPK
1 0.13 0.14 0.12 0.20 0.35
2 0.12 0.15 0.16 0.23 0.31
3 0.17 0.21 0.23 0.36 0.34
4 0.05 0.07 0.19 0.30 0.34
1 0.02 0.02 0.05 0.05 0.15
2 0.03 0.04 0.09 0.12 0.27
3 0.01 0.08 0.10 0.19 0.36
4 0.02 0.14 0.19 0.40
NO3 N , % [1983])
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0.2%

10a
2-4 3 8
10a 8 4
( ) 0.2%, 0.4% (Mengel  Kirkby
[1982]). , ,
)  0.2%
6- 14
6- 14
(%DM) g DM/pot
mgN/kg soail 10,800 Lux 32,300 Lux 10,800 Lux 32,300 Lux
0 0.14 0.09 0.22 0.22
100 1.09 0.35 0.57 1.27
200 161 0.72 0.42 1.25
0 0.04 0.02 0.68 1.28
50 0.13 0.04 1.10 2.67
100 0.44 0.35 1.35 2.99

. Cantliffe [1973]
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Mg/K

6-14 ( ) 10,800
32,300
kg 100 mg(100ppm)
0.2%
Mg/K 1.60
( [1992]).
6-7
1960 7.83 1980 5.32
Mg/K
K K Mg
6- 15 (Mg) (K)
Mg Mg K Mg/K
me/ 100g me/ 100g me/100g
Mg (D 0.151 0.122 1.26
(2) 0.361 0.199 181
K (1) 0.776 0.917 0.85
(2) 1.398 0.699 2.00
(1) 0.695 0.108 6.44
(2) 0.892 0.069 12.93
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Mg 6- 15
6- 15 Mg 100g
Mg 0.151- 0.361 me

0.699- 0.917me

100g Mg 0.7- 1.4me
Mg/K 2.0
100g Mg 0.7- 0.9me
K 0.108 me Mg
Mg
K
Mg
K Ca Mg
Mg

( ) 6- 16
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6- 16

K/(Ca/Mg) (%)

1.4 0

1.41- 1.80 0.06

1.81- 2.20 1.70

2.21- 2.60 5.10

2.61- 3.00 6.80

3.01- 3.40 17.40

[1983]
K K
Ca Mg
K/(Ca+tMQ) 2.2
3.01- 3.40
17.4%
(Cu)
(Zn)
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10

90- 95%
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2-3

12

- 201 -

12



K/(Ca+MQq)
6- 17
Y( /10a)
10a P205
PR(kg10a), P205 C(%), E(%) (A)
Y=PR x 100/C x 100/E X10-3 ...cocscvvrrrrrrrrrrne. (A)
10a Y
N NR(kg/10a), S(%), N
C(%), E(%) (B)
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Y=NR x S/100 x 100/C x 100/E x 10-3

N
N (%) 30%,
60% E
100 N %
6- 17 (B)
(S%)
6- 17 10a
*( /10a) N-P205 K20(kg) ( /10a) N- P25 K 20(kg)
5-6 20- 10- 20 2-3 8-0-8
5-6 12- 10- 20 2-3 0-0-8
5-6 20- 18- 20 2-3 8-0-8
4-5 16- 10- 16 2 8-0-6
* , , 17%, 27%
[1983])

- 203 -



N, P25 K2 (Ne), (Pe) (Ke) 6- 18
6- 18 (%)
N (Ne)* P25 (Pe)* K2 (Ke)* CaO MgO
72.8 0.57 (30) 0.52 (60) 0.64 (90) 0.61 0.23
91.0 0.38 (55) 0.20 (60) 0.42 (95) 0.26 0.11
62.1 1.00 (50) 1.33 (60) 0.65 (90) 0.93 0.38
16.6 3.20 (70) 5.30 (70) 269 (90) 10.17 1.20

*() (%)
1%
pH
(6.5 ) ,
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6-19

- 205 -

30- 40 9%, 60- 70%, 70%
30%, 60%
6- 19 ( /10a)
15 0.7 15 2.0 -
- 05-15 1-2 0.2
- 1.0 0.5 1.0 15 -
1-2 05-1 1-2 15-3.0 0.2-04
(1)
(2)
(3 1
: [1983])



(

)
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6- 20

30%



6- 20 ( /10a)
1.0-20 03-04 1.0-2.0 1.0-2.0 04-1.0
1.3-15 04-06 1.2-25 1.3-25 0.6-1.5
2.0-40 05-08 1.7-35 25-4.0 1.0- 2.0
(1) 30%
K20 60% .
(2) , (N, KO 25kg/10a )
, , (N, K2 25kg/10a )
, , (N, KO 30- 35kg/10a )
(3) 1/2, 2/3
[1983]
«( )
5-6
7-8
6- 21
(1) 30- 50%
4-5
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(2)



6- 21 ( /10a)
1.0-20 0.5-2.0 1.0-4.0 1.0-4.0 1.0-2.0
1.0-39a 1.5-4.0c
0.3-2.0 0.3-2.0 0.5-2.0 15-1.7 -
2.0-25 -05 0.5-3.0 0.5-3.0 0.4-3.0
0.2-35 0.7-14 0.5-4.0 0.5-5.0 -
1.0-1.7a 1.5-2.0c
0.3-1.2 0.3-05 0.5-15 0.5-3.0 0.15-0.4

-0.8¢c
1.0-2.0 0.5-1.0 0.5-2.0 1.0-5.0 0.5-0.8
1.0- 2.8a 1.2-1.7c
-2.0 0.5-0.9 15-24 2.0-8.0 -04
1.0- 2.6a 0.5- 1.5b
1.2- 3.0a
a. , b , C:
)
)' ( ’ )' 21 3
)' H
).
(1) C/N 20- 30
(2)
) 1/3-1/2
(4)
( 2/3, 1/3 )
[1983]
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( [1993.12])
6- 22
6- 22

(kg/ ) « 7))

( )
2,260 15 5 20 12374 4124 16,498
553 30 10 40 6,055 2,108 8,073
5,928 3 3 6 6491 6491 12,982
72,945 0.1 - 01 2662 - 2,662
27582 12,633 40,215

[1993. 12]
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6- 23



6- 23 ()

N (_/10a) (_/10a)
(K g/10a)
*1 55 15 06 55 13 1.1 5.0
*2 7.7 2.1 08 7.7 1.9 15 7.0
* 5.0 1.4 05 50 1.2 10 45
* 5.0 1.4 05 50 1.2 10 45
4.0 1.1 04 40 1.0 0.8 3.6
8.0 2.2 08 80 2.0 16 7.2
3.0 0.8 03 30 0.7 0.6 27
55 15 06 55 13 1.1 5.0
* 150 4.1 15 150 3.7 30 136
10.0 2.7 1.0 100 2.4 2.0 9.1
28.0 76 28 250 6.8 56 250
* 13.7 3.7 14 137 3.3 27 125
* 136 3.7 14 136 3.3 27 124
* 11.2 3.0 11 112 27 22 102
* 7.0 1.9 07 70 17 1.4 6.4
* 13.0 35 13 130 3.2 26 118
* 8.0 2.2 08 80 2.0 16 7.2
* 13.0 35 13 130 3.2 26 118
* 10.0 2.7 1.0 100 2.4 2.0 9.1
10.0 2.7 1.0 100 2.4 2.0 9.1
* 9.0 2.4 09 90 2.2 1.8 8.1
* 6.0 16 06 60 15 1.2 55
* 10.0 2.7 1.0 100 2.4 2.0 9.1
* 8.0 2.2 08 80 2.0 16 7.2
24.0 6.5 24 240 5.9 48 218
11 9.1 2.4 09 90 2.2 1.8 8.1
13.0 35 13 130 3.2 26 118
20 14.0 3.7 14 140 3.4 28 127
20 9.0 2.4 09 90 2.2 1.8 8.1
20 14.0 3.7 14 140 3.4 28 127
11 78 2.1 08 78 1.9 16 7.1
* 12.0 3.2 12 120 3.0 24 109
( [1994])
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6- 24 73%
19
10 13
25 20 45
6- 24
() (%) ( /ha) ()

891 56 5.14 7
613 36 6.78 7
572 61 12.29 9
216 69 8.96 5
730 40 8.84 6
742 47 11.35 5
427 54 10.47 7
607 59 7.46 9
738 83 15.03 8
549 79 22.82 6
567 95 34.28 8
607 100 45.95 9
489 93 29.37 9
454 93 23.84 8
640 92 19.52 9
493 86 27.92 7
790 73 20.47 9
354 86 21.49 8
753 89 23.00 10
727 83 24.71 8
168 % 29.98 7
362 81 13.29 7
790 69 13.84 6

13,259 73 19.03 14
, 7 7 14 7 7 7 y y 7 7
[1993]
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6- 25 167

1,500 10%
6- 25
/ / ()
1,410 515 24
3,159 1,153 140
4569 1,668 164

[1993]

90%
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1980
2.34% 3
3.0%
1989 2.0% 1%
10cm 1.25g/cm3 10a
125 1% 125
C/N 20 10a
125 10cm 2.0%
3.0%
25%
25% 10a
1.25 4 5
722

: , 1995)
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( 130 76 )
0.35
10a
10a 1.25
)
76
10cm
35
1995 9
44,409 (1995.9.
12 40,215
80%,
611 28
722
30%
722

25%

14
950
30,568
6- 22 4,194
98%
640
89%

100
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0.35

3.5

266

206

10a

357 (3-4

13,841

831

1993

100



( , 1995)

534
266 2
40%
214
266
266 40%
374 (640 - 266 )
76
640 42% 266
1,064
10a 1.4

58%

374
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1
80%
85% 25%
7- 1.
£ £ il
T |
TDN % | | 0 | 7| &
| | | | |
65 3039 | 1064 | 3547 | 4,256 5,320
| | | | |
70 2821 | 846 | 280 | 2384 | 4230 |
| | | | |
75 2633 | 658 | 2193 | 2632 | 3290 |
| | | | |
80 2460 | 425 | 1647 | 1976 | 2470 |
T Ll— T 1
71.3kg(40 105kg 100 )

- 216 -



2.3 | 4
25 5.5kg
30% 20%
3506
72
(kg/ ) 191 | 191 |
i i
g ) 319 | 433 |
i i
(kg/ ) 4.32 | 5.43 |
i i
(kg/ ) | 1.19 | 1.19 |
(ka/ ) | 1.87 | 2.89 |
I . B

Pteitter 1990
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1kg

7-3

30%

700g

(

(

16.0

6.1

7.5

6.2

1995
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(TDN)

20

16%

6.39

(CP)

(DE)

50%
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24 13%

10.8

(DCP)

11 12%



7- 4. -9

| | i i
| | | |
| | | |
| | | |
6% | 330 | 150 | 66 | 216
| | | |
| | ! |
i i i i
11% | 230 | 70 | 46 | 116
| | | |
T T T T 1
CP 11%
70kg
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1989 Weon 1 7389
2.52 0.2% 1 8129
231 10% 9% )
1959 Tennessec A & State

4.5% 63.3%

1990  Piva 100kg

3.7kg

2.54kg 32.0%
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5. (Phitase)

(P)

acid)

(Phytase)

24%

25%

0.83
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2/3

40%

1990

Simons

(Phytic

0.61
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