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SUMMARY

Inorganic fertilizers for agricultural areas and forests have been
developed in this study. They were manufactured from the sludges of
the waste treatment plants in Kwangju, Chunju, and Naju, and the
water purification plants in Nammyun, Mongtan, and Youngyun.
Organics and heavy metals in the sludges were removed and the
quantitative and quantitative analyses of them were followed.

Organics and heavy metals in the water purification sludges were
removed by chemical reaction and hydrothermal methods. The removal
rates of heavy metals by the chemical method resulted in the
followings: As; 10.9%, Pb; 20.2%, Cd; 50.9%, Hg; 21.0%; however, the
removal rate by the hydrothermal method showed better results than
the other method as follows: As; 54.1%, Pb; 56.1%, Cd; 60.4%, Hg;
56.7% . 1t was found that the sludges composing less heavy metals
were appropriate for national fertilizer standard and soil
environmental conservation regulation. It was also observed that
Prunus ansu and Angelica gigas treated with the developed
fertilizers grew actively as expected.

31 to 39 % of organics in the waste treatment sludges were
separated by mechanochemical and hydrothermal methods. The
separation rate by the former method came up to 90 95 %.
Furthermore, the separation rate by the hydrothermal method reached
up to almost 100%. On the other hand, the heavy metal removal rate

by mechanochemical method revealed the results as fTollows: As;
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10.7%, Pb; 21.9%, Cd; 52.6%, Hg; 22.1%. However, the removal rate by
the other method showed the followings: As; 55.2%, Pb; 57.6%, Cd;
61.6%, Hg; 57.5%. It was fTound that the treated sludges were
appropriate for the inorganic fertilizers by testing soybeans and
Chinese cabbages through the standard culture method of the Office
of the Rural Development. The inorganic fertilizers manufactured in
this work composed a lot of SiO2 ; therefore, the fertilizers can be
applied extensively for a garden and a fruit farm as well as an
agricultural areas.

Toxic compounds, such as aluminium compounds in the sludges of the
water purification and waste treatment plants, were removed
differently with pH of reaction solutions by the mechanochemical and
hydrothermal methods. However, the toxic compounds were removed
almost 100% in the hydrothermal method, which 1is the second
treatment process. Supernatant generated from the fertilizing
process was removed by activated carbon filter and the other
by-products were reused for tile manufacturing. Therefore, it was
proved that this fertilizing technique was environmently friendly.

It is considered that this sort of recycle technique could be
applied to our domestic water purification and waste treatment
plants, and the inorganic fertilizers can be widely used for a farm,

a garden, and a forest.
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(m9/kg) (mg/kg)
As 50 2.43 2.71 2.26
Pb 150 9.52 15.32 11.86
Cd 5 0.86 0.92 0.87
Hg 2 0.58 0.82 0.84
2.
¢0)
T-C 4.58 4.19 4.21
T-N 0.83 0.57 0.68
T-H 1.78 1.54 1.56
Si02 19.31 20.25 19.57
AILC3 10.82 9.72 11.63
FeC3 5.10 4.56 4.42
K20 1.52 1.32 1.29
MgO 1.34 1.26 1.24
Naz0 0.31 0.50 0.48
Ca0 0.40 0.37 0.35
TiC2 0.12 0.05 0.03
P05 0.21 0.15 0.18
MnO 0.13 0.17 0.16
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210 , 2,900 , 790

5) . .
3.
As Pb cd Hg
(mg/kg) (mg/kg) (mg/kg) (mg/kg)

2.43 g.52 0.86 0.58
2.71 15.32 0.92 0.82
2.26 11.86 0.87 0.8
2.16 7.61 0.42 0.46
2.38 11.95 0.43 0.e3
2.05 9.73 0.45 0.e8
1.14 4.19 0.34 0.24
1.19 6.45 0.34 0.34
1.07 5.46 0.37 0.39
50 150 5 2

- 26 -




0
As Pb cd Hg
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pH - 6.34 /2 0.000
(NTU) 0.5 /2 0.002

/ 440 /2 49.6

TCS /2 220 /2 50.81

/N 0.86 /2 21.59

/N 0.50 /2 8.44

/2 492 /2 0.000

ccD /2 5.9 /2 0.000
KNNC4 /2 8.1 /2 0.000
/2 0.426 /2 0.000

/2 0.003 /2 0.000

/2 0.006 /2 0.000

7.
C%)

No.- CaHPC4 %)
25 100 - - - - - - 1.90
28 50 30 - - 20 - - 18.33
31 50 - 10 10 30 - - 1.08
35 50 - 10 10 20 10 - 4.09
39 50 - 10 - 20 10 10 6.45
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7))
(mg/kg) (mg/kg)
As 50 16.87 25.68 7.45
Fb 150 53.06 35.42 32.15
Cd 5 3.28 1.89 1.45
Hg 2 2.70 3.26 1.32
9.
/)
@
T-C,N,H 38.72 35.83 30.93
Sic2 11.06 10.65 11.92
A1203 7.82 8.13 7.26
Fe203 2.35 2.08 1.57
K20 0.17 0.26 0.28
NgO 0.53 0.42 0.31
Na20 0.27 0.30 0.26
Ca0 0.18 0.25 0.21
Tic2 0.02 - -
P205 3.07 2.98 3.84
Ty 0.14 0.15 0.11
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11.

210 2,900 790 36,000 12,000 2,700

7))
¢)) 7 6 6 38 36 31
14.7 147 47.4 13,680 4,320 837

7))
¢)) 93 94 94 62 64 69

+
Ig-loss 195.3 2,726 742.6 22,320 7,680 1,863

/7))

Ig.loss +

60 60 60 60 60 60

( 0
78 1,090 297 8,928 3,072 745

7))
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12.

(
« D
7)) 7/ « D
« D
210 9,450 78 7,800 17,250
2,900 130,500 1,090 | 109,000 239,500
790 | 35,550 297 | 29,700 65,250
1,620,0
36,000 o0 8,928 892,800 | 2,512,800
12,000 | 540,000 3,072 |307,200 847,200
2,700 | 121,500 745 | 74,500 196,000
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12

200, 400, 600, 8aa,

40 x 30

S C )
26
. 13
Mechanochemical
C )
400 800 /10a C
30 x 40 x 30 Pot
N. P. K 4, 7, 6 /10a
15
1200 /10a C )] 30 x
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13.

(mg/kg)
As Pb Cd Hg
16.87 53.06 3.28 2.70
25.68 35.42 1.89 3.26
7.45 32.15 1.45 1.32
15.06 41.82 1.57 2.10
Mechano-
cherical 23.09 27.62 0.88 2.56
6.61 24 .92 0.69 1.02
7.59 22.38 1.25 1.16
11.61 15.27 0.74 1.32
3.29 13.49 0.55 0.58
50 150 5 2
14.
(€0
As Fb Cd Hg
Mechanaochenical 10.7 21.9 52-6 2.1
55.2 57.6 61.6 57.5
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15 30

P205, Si02, K, Ca, Mg, Fe, Al, Mn, Zn

- pH
3 ( ) 3
. 15 32
200 7/ , 130 7/
400 /10a 98 / , 94
/
. 3
- K
Mg Ca
. Fe, Mn, Zn, Al
Mn, Zn,
Al - Sillanpaa Mahler
Fe, Mn, Zn , 20 25 / , 20 110 7/
, 0.4 11 /
3.9 7/ 0.32 43.03 /
Fe, Mn, Zn -
Al 427 536.5 /

4445 463.5 /
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pH . Pierre pH 4.0

Al 1.5 23ppm, pH 4.5 0 12ppm, pH 4.9 0 2Zppm
) Al pH
5.4
. 16 Pb, As, Cd
2.62 3.76 / , 2.39 294 / , 0.36 0.43 /
Pb As Cd
» Hg . Pb, As, Cd
100, 6, 1.5 7/ .
3 + 400 /10a
3
. 33
G 10 ) 70
17 -
400, 800 /1Ca , , 100
, 400 /10a .
800 /1Ca 400 /10a
100
s 100
Ca, Mg -
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15.

il oo Av. | Av. | Ex.Cat.(Crcl/ )| C.E.C | Heavy Metals( 7/ )
P | Fos | sio2
/ / Crcl/
as @ > ] kg€ e | Al | wn | 7
) ) )

A 5.70 | 12.80 43 63 |0.21]3.10| 2.60| 13.70 |107.5|453.4| 45.4|12.30

7.11) 5.36 | 13.45 | 505 65 |0.30|3.39|2.27| 13.58 |104.1|463.5| 66.2 |11.50
B

7.31] 5.56 | 11.79 | 390 54 10.28|3.15|2.27| 13.64 |102.6|444.5| 56.7 |10.79

7.11) 5.53 | 12.41 | 643 g7 |10.32]6.58|2.10| 13.06 |151.9|494.7| 68.8 |16.09
C

7.31| 5.42 | 10.74 | 3% 74 0.30]4.80| 2.20| 13.31 |143.1|474.5| 66.7 | 9.41

7.11| 5.93 | 13.86 98 84 |10.25|6.30| 2.12| 13.29 |150.3|489.5| 66.5|16.22
D

7.31] 5.80 | 11.59 84 €69 0.25]14.89| 2.20| 13.21 |142.2|427.0| 56.0 |11.C6

7.11) 5.91 | 14.90 | 140 114 | 0.30| 6.95| 2.23| 13.80 |160.1/536.5| 94.1 |19.C8
E

7.31] 5.80 | 12.21 | 108 83 |0.28|5.77|2.05| 13.51 |158.4|399.5| 86.1 |14.43

7.11) 5.75 | 14.30 92 83 |0.30|6.41| 2.37| 13.58 |149.5/495.6| 66.7 |18.31
F

7.31| 5.47 | 11.17 74 73 0.29 | 5.90| 2.13| 13.12 |145.5|427.0| 56.0| 1.06
; QG )
; + 400 /10a
; 400 /10a
; 800 /a
; 400 /a




/ 150

100
50
1100 800
( /10a)
32.
16.
Fb As Cd Hg
c/7)>) /7> C7) /
G ) 3.37 2.9 0.43 ND
+ 400 /10a 3.35 2.46 0.39 ND
400 /10a 2.62 2.49 0.39 ND
800 /1Ca 3.76 2.39 0.36 ND
400 /10a 3.58 2.87 0.45 ND
50 150 5 2
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33.
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400 /10a
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400 /10a

800 /10a



17.

100
) /7 DC 72 ) @ |
75.0 4.3 30.5 84.4 12.3 6.7
+
78.5 5.5 50.5 93.1 13.5 14.9
400( /10a)
76.4 4.5 34.0 89.7 12.5 7.8
400( /10a)
75.5 4.8 27.3 95.2 13.1 8.4
800(  /10a)
75.7 4.5 26.0 93.0 11.1 7.4
400
)) -, 18
, 1%
o) 7.5% .
34 (r) 0.921*
, 19 T-N
T-N PCE, KO, MgC, Cal
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) ) o/ )) o/

( /10a) 13.5 8.1 2.1 17.7
+200 ( /108) 14.9 8.5 2.5 20.9
+400 ( /103) 15.1 8.7 3.0 21.9
+600 ( /108) 16.5 9.6 3.7 24.5
+800 ( /10a) 18.9 10.5 6.2 40.9
+1,200 ( /10a)| 18.5 11.8 5.7 42.0
RS GL) J— 2.987g/

WV R — 7.5

50 -

45
B 44:1_- [ | n

35 -

3U—-

| ¥=15.861+0.023%
25 ]
] . (r=0,921*")
o0 [ ]
[ |
) 15

10 J

5 ]

D T ] T T ¥ T T T J T T T ¥ T 1

o 200 400 &00 BOG 1000 1200 1400
(kg/10a)

34.
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19.

T-N | PO5| KO | CaO | NgO | Fe | Mn Cu Zn | Al Cr | Pb | Cd | As Hg
/ / / / / / / / / /
@l Wl W ol o C 7| ( ( C/7\C7|C/71C/7C7C (
)IEED) ) )AEDIEDIED DI )

1.00|0.30|3.25|1.36|0.40|8.18| 1.36|12.45| 3.60| 8.68|1.26|5.15| 0.53| 0.34

200 |1.21/0.39(3.15|/1.59|0.42(7.73/1.46|12.27|4.45|8.66|1.22|4.96|0.48| 0.43

C 7/

10a)

400 |1.30|0.37|3.91|1.57|0.40|7.87|1.49|12.41|3.87|8.62|1.24|5.84|0.49|0.39

C 7

10a)

600 |1.32|/0.37|3.55|/1.44/0.41|7.57/1.50|12.23|3.76|8.62|1.21|5.32|0.48| 0.40

C 7

10a)

800 |1.95/0.34(3.29|1.67|0.46(7.98|1.42|12.59|4.478.63|1.24|4.93|0.55|0.41

C 7

10a)

1,200 | 2.56|0.37|4.38|2.16|0.48|7.65/ 1.47|12.20|4.23|8.67|1.23|4.92|0.53| 0.43

C 7

10a)

68 -




10 12%, 7 8%

@ )] Mechanochemical
Q )] pH( pH 2 3, 11 12
)] ( 35).
2 31
20 2 -
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35. pH
20.
pH - 6.27 /7 0.005
(NTU) 0.8 /7 0.004
/ 256 /¢ 1.70
TS /¢ 168 /¢ 11.30
/¢ 0.56 /¢ 15.13
/¢ Q.47 /¢ 5.94
/¢ 187 /¢ G.Go
CaoD /¢ 4.5 /¢ G.Go
KMnC4 /¢ 6.6 /¢ G.Go
/¢ G.Co
/¢ G.co
6 /¢ G.Co
/¢ 0.C6
/¢ 0.004
/¢ c.oa7
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- As; 10.9%, Pb; 20.2%, Cd;

50.9%, Hg; 21.0% , As; 54.1%, Pb; 56.1%, Cd; 60.4%, Hg;
56.7% -
31 39%
Vechanachemical .
Vechanachemical 90 95%, 100% -
. Mechanochemical
As; 10.7%, Phb; 21.9%, Cd; 52.6%, Hg; 22.1% , As; 55.2%,

Pb; 57.6%, Cd; 61.6%, Hg; 57.5% -
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