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SUMMARY

An efficient process for the treatment of organic wastes from Karak
farm market has been developed. Pretreatment process for solid-liquid
separation is required for the developed process in this work. Liquid
fraction from the separation process was treated by a two stage
process. The Tirst treatment was composed of anaerobic digestion and
aerobic treatment. The second treatment was composed of a series of
processes, electrolysis, flocculation, and filtering by activated-sand
bed. The total carbon oxygen demand (TCOD), soluble carbon oxygen
demand (SCOD), and suspended solid (SS) concentrations of the final
effluent were 6, 4, and 2 ppm. The treated wastewater can be reused.

Solid wastes was treated by composting. To evaluate the quality of
the compost made from the wastes, a series of experimental works have
been performed. The composts of nontreatment, Shinco, and TM-101
treatments were immature by the values of pH, test of circular paper
chromatography, and germination index(Gl). But the compost made from
the mixture of pig manure and food waste were matured to some extent,
not perfectly. As a result of experiment of cultivation, growth of the

crops, radish and lettuce, were retarded in the early stage. When the
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amount of application were increased. In the late stage, the crops
treated in high level of compost were grown much better than in the
treatments of less application. This means that the composts were
immature and stabilize in the late growth stage of crops. The composts
were recommended to Tfertilize turf grass, land scape gardening, or
forestry, and raw materials to manufacture large-scale compost.
Throughout the economic analysis, the proposed process was
economically favorable compared to the composting technology. The new
process can make some profit ((about 17 million won) while the
conventional composting process costs 133 million won annually for the
operation of the 50T/day plant. Since the experimental results have
been obtained from the bench scale process, they could be directly used

for the design of the full scale-plant.
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<Table 2-1> Amount of organic wastes occuring in a year at GARAG-

DONG wholeale market

(&g : B )
| zR4 A2 ze7la | 2es)u)R(%) o] 2
] &2 1, 410,000 106, 945 75
S S 540, 000 29, 200 20.5
of I H 240, 000 6, 200 4.4
SAHNE 1,116,000 113 0.1 1B F101g/Y7&
3} A 3, 306, 000 142, 458 100
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<Table 2-2> Amount of organic wastes occuring in each month at GARAG-

DONG wholeale market
( we] = )
= S 18 (%)} 24 (%) 34 (%) 4% (%) 54 (%) 6% (%) 74 (%)
Z54
AR 2.973(68.3)| 2.836(67.2)| 4.061(74.9)| 4,368(76)| 9,691(87.2)] 11,121(88.3)| 10,889(87.1)
A2F 1,105(25.6)| 1,110(26.3)| 1,110(20.6)| 1,125(20.5)| 1,156(10.4)| 1,211(9.6)| 1,352(10.8)
AWF 235(5.4)]  265(6.3)]  238{4.4)]  240{4.2)|  253(2.3) 246(2) 255(2)
SAH & 9(0.2) 9(0.2) 10(0.2) 10(0.2) 10(0.1) 10(0.1) 9(0.1)
B2 45
220 : ) . . .
(2a) 4,322 4, 5,420 5,743 11,110 12,588 12, 505
v 8% (%) 94 (%) 104 (%) 1149 (%) 124 (%) 3 A
354
MLH 7.673(81.6)| 10,131(84.8)| 8,660(84.2) 11,050(88.3)| 6,699(82.6)
Ha5 1.460(15.5)| 1,516(12.7)| 1,324(12.9) 1,186(9.5)| 1,154(14.2)
SRR 260(2. 8) 288(2.4) 291(2.8) 265(2.1) 253(3.1)
A H7E 9(0.1) 10¢0.1) 9(0.1) 9(0.1) 9(0.1)
Q d =] .
“72 ;’f::'g 9,402 11,945 10,284 12,510 8,115 108, 164
18] E (Table 2-2>oll A 4R 28 2d 7] LR 142, 4588 F 76%0] 3
T3l 108, 16480 Hl8H BEHE BaATH= o2 HHHEC.
Fodi Mk oE AR B
1. ABY BEA o6
2 68 ANz B

BBl UM AR BES N2 BWE HE E



o ofzxfe] (EO £ 38 AR W ouF KEe 2 18 AEE BRIA K
RE sl FAHIIZIZ stdct. old HY B4 R KEXRE IS
(Table 2-3>z} Zr},

<Table 2-3> Rate of mixed samples formation

Al E | E F o &|(EYH A & F a H] 3
B 5= (85%) 58.31g
A 5(68.
#4768, 8%) B(15%) 10. 29¢
e . Abzt (50%) 12.8g
EyagA | B2HF(25.6%) 2(50%) 12 8g
(Run A)
oz F(5.4%) | B (WNFF) 5.4g
S 71 E(0. 2%) LIy 0.2g
= | 3=(85%) 63. 66g
2 AF(74. 9%) 2 (15%) 11 245
Arz} (50%) 10. 25g
-2 M al2
ZYUAE B 9 21520, 5%) 2(50%) 10, 25g
(Run B)
ol 3iF(4. 4%) A (3R 4.1g
S5 7 E(0. 2%) o]yl n} 0.2g
vl 3 (85%) 75g
£ 8(88.3
A7 (88, 3%) B(15%) 13. 3g
tunac Az} (50%) 4.8
(Run C) 2HE(9. 62 G
- BHFS.6%) 2(50%) 4.82
o= F(2%) A (AR 2g
SAH 71 (0. 1%) ]yl at 0.1g




%1 8] (Table 2-3>ol A4 BARS AZ Run A, B4 K BE Run B, BEA4HRS
CE Run CE 8l @M= Run D& w®i3, Run EE F$, Run F& Ab3} 50%2}
Z 5058 BAY A& A8g= 3o

212l Run AS)A Run Fol] &% Al&e g4 C/N Ratiox= tT}E <(Table
2-4>8 Zon oo oyt BE U KESE KB Ax+ (Table 2-5> H
(Table 2-6>% o] HWEE ] oltl.

<Table 2-4> Elemental compositions and C/N Ratio

Samples"’msmm C H 0 N s C/N
Run A 37.58 | 592 | 54.44 1.91 0.15 19.68
Run B 37.92 5.84 53.97 2.06 0.21 18.41
Run C 38.61 5.47 | 53.37 | 2.34 0.21 16.50
Run D 34.17 | 5.62 | 57.62 | 2.29 0.30 14.92
Run E 35.46 | 5.96 | 56.43 | 2.02 0.13 17.55
Run F 42.29 | 6.16 | 50.89 | 0.63 0.03 | 67.13

<Table 2-5> Characteristics of mixed sample

Samples Run A Run B Run C

Vegetables (68.7%) Vegetables (75.2%) Vegetables (89.1%)

L. Fruits (25.7%) Fruits (20.5%) Fruits (10.6%)
Compositions
(%) Fishes (5.4%) Fishes (5.4%) Fishes (0.2%)
Food wastes (0. 2%) Food wastes (0.2%) Food wastes (0.1%)

#* Vegetables : (Whete Cabbage 85%, Radish 15%)

Fruits © (Apple 50%, Tangerine 50%)



<Table 2-6> Characteristics of non-mix samples

Samples Run D Run E Run F
i Apple (50%)
Compositions (%) Chinese cabbage Radish (100%)
(100%) Tangerine (50%)

2. B BHHE S

&5 -7 HBLEEEAA BEHE 714 HIEY £5BESE HUE
3171 $13t EHSIA 3l=BMP (Biochemical Methane Potential) &
Owen etal(1979)2} Shelton etal (1984)o] 2ls] HYUH PWE HELZH |7
€2 HMAYE Bt s FES FESA &3 4 5+ U FRY =3
of o3t okt 7tAe AR U BAE HEES EH, oo BEHE BRE A2y
of A AINAHT FE 712 ANEEHN FHIA ol&H £+ Q. X KR
of Al€H BRH¥ = <Table 2-5> @ <(Table 2-6>2] Run Aol A Run F8} o] #
Bsted ol B -%& o8 ¥ BWP BRS o2 HAMY Az HFRS
BEHEg+Act
ojof B3 BMP EHS SliA - FEYT ARY Ko HES EHT K
B T} & (Table 2-7> W (Table 2-8>3} o] ¥ g},

#3fi BMP(Biological Methane Potental )&%

1. A8 AR

B.& . ANE HEHSNIN BAEHE HME Run A, Run B, Run C, Run



<Table 2-7> Characteristics of Separated Samples

Compositionssample Run A Run B Run C
Moisture(%) 83.53 83.92 81.14
Solid TS (%) 16. 47 16.08 18. 86
S (%) 91.949 90. 860 86.618
TS(%) 4,059 4,333 3.639
VS(%) 89. 362 85.960 78.090
Solution SS(%) 25,100 29, 400 24,500
TCOD (mg/ £ ) 167, 680 168, 960 117,760
SCOD (mg/ £) 99, 840 104, 960 82, 560
BOD (mg/ £) 62, 000 64, 000 46, 000

<Table 2-8> Characteristics of Separated Samples

Sample Run D Run E Run F
Compositions
Moisture(%) 79.52 80.389 76. 06
Solid TS (%) 20. 48 19.11 23.94
VS (%) 85. 469 91. 549 97. 666
TS(%) 2.786 2.240 7.143
VS(%) 68. 404 85.175 94,132
Solution SS(%) 18, 800 10,700 26, 800
TCOD (mg/ £) 71,680 74,240 262, 400
SCOD (mg/ £) 46,720 62,720 139, 520
BOD (mg/ £) 28, 800 32,800 38,000

D, Run E, Run FE HH o EEslgd oo Biological Methane potential&
FESH7 $lstddls ZFHH AF SH S FRolo ALF, FLdF L BUF
o} Zo| BAERo U AME AL3td}, 22 Y & AME EFLE
e Fagsted BHRE WY TS ol - SENA FR WY #H
% & Wx st BEWE SR (Labconco corp. )oll ¥F A2t AL



2. BB F &

H®ol #AF Run A, Run B, Run C, Run D, Run E, Run Foll %% nojgt 3
AR AP 250w =/ Sel23E FIASIY Ag 9 KBE wWiAE 4
i035CY MM REBEI H—3tA HAZ FAAYD e HE &9
Aee k@AM KE BE FEHY 1X BLE REBRS Agsided m
B ¢z B2 AA vz T 10«5 EAHACE

=3 B &4 oe BEREES &35 StdEs EEE HmdtA 42
ZAA  (Blank)olE F U B HBMstd AL wEEHAA 4 ue
WS HMIE FoAdct. oo oy Eeta2a e HE A FHES Owen et
al, So] #EY Wyol uwha}l i, A, WE &Ao ol o3 22
ER= stgch.

-2¢ EgtA30] BRol24 (deionized water) 14 A7}

- BE B5Y 72tz %3] resazurin 0.0072 g H 7}

- (NHq)zHPO, 0.1442 g H 7}

- (Table 2-9>%] &#¥ 27 ot E7}

- Rol &4 & 1,800 w7tz A7}

-1 £/ming] HES EX J1A2E BHRIIIEA 15& 5¢ &¢

- X MAE BE XNBIEAN HBOZ AYUct.

- ( Table 2-10 >¢] #&#% 1.8m¢ H 7}

- FeCl, » 4H,0, 0.666 g 2 7}

-Bx ES7E R#tsts] 913 NasS- 9H0E 0.9 g H 7}

- 30 ¥ REA7IAS 70 % AL BAJAE o€ WH 1 L/ninE 8§

T}
- 8.4 g2 NaHCO:& B X E H 7l
- e pHrt 7.1 2 € wi7tA] A RelgdlE T3 O30 % ©Y st



2} 70 ¥ AL BE 7tA2E Z71A U},

- oAbzt o] ZAH Hibo] WMES A 200 ¢ BT}

- CFig 2-1>3 Zol & AM (2 gVs/L)7t €A 250t BEY 7 Fetax
Aol $19 Fol ZAH AL 200 mt¥ MR HHTAAN Hin HROcH

3. A8 &

[l

f Eeta3vol BER 72T WES M 270 92 F417]

<Tabie 2-9> Nutrient solution for BMP test (Nutrients in a 100 m¢

deionized water)

CaCl, + 2H;0 1.67 g HsBO; 0.038 g
NHCI 2.66 g CuCl, + 2H;0 0.018 g
MgClz « 6H0 12 g NazMoOs * 2H0 0.017 g
MnCly - 4H0 0.133 g ZnCl, 0.014 g
Kcl 8.67 g CoCly - 6H;0 0.2 g

<Table 2-10> Vitamin solution for BMP test (Vitamins in a 1,000 m¢

deionized water)

Biotin 0.02¢g
Pyridoxine hydrochloride 0.10g
Riboflavin 0.05¢
Nicotinic acid 0.05¢g
p-Aminobenzoic acid 0.05g




e ABAA 31 FAI HARS ETE FIAN Et23¢d XKE
2 Ffgold FefolAd WEY i EHE Y2 B Ach oo BAH u
B7lA ERS B IEXE RHB/E H2AH Gaschromatography (HP-5890A)&
RSt Set23¢e] 728 & o uvick ¥ ARNE AY KA FAH
(Hamilton 81320)2 2j 3|3t} MWL stdon 2o 44 BRELS U
i sl Facoh 6C L # B Detectors TCDE A &3tPed, s
2 Injection: 60T, Column: 50T, Detector: 80C, & 3dlQcr}. o] pH:
pH meter(Perkin-Elmer)2 2|3 Z AR ZTEHHS LEWER 44
o] k¥ (EA-1108 Elemental analyzer FISONSA}) sl4ct. #& 23y E o #HBH

2y Eare] FIEL Standard methodol] o] 3A 447 5} 4 c}.

SYRINGE
30% C0a
1% Na
2L UDLUMETRIC FLASK
POROUS
DIFFUSER
(j 250ML FLRSK

[ Fig 2-1 ] Anaerobic transfer equipnent



4. BMP H Rl A E Seed? H#

BMP E&ol A188 MERS i 287 Ad4y 1k Rl U
UE st Agstden] mERS] E8 27 B&2 t1& ( Fig 2-2 >3
et

80 40
- 35
70 - —
)
~ - 30 ©
3 =
— 60 £
3 - 25 §
& S
%) o
8 50 —@— Methane content(%) — 20 o
o —8- Nethane production(mi) Q
© ®
-(CCB 40 1 g)
o &
= - 10 &
s
30 -
— 5
20 T T | T T T T T 0
0 2 4 6 8 10 12 14 16 18

Time(day)

[Fig 2-2] Time cource of the start-up periods on seed



19 (Fig 2-2>ol A RHE Befiol 2do] BBHTIAM wgt &&ol 71.34% o
A4 RAEE 4 £ U3 RE mEgvtes BAELS 2doM MM E/SHE
Aoz UelktTh ol gy BRS seedd] RMB7I 2Uo] ZAASAA EH A
o MR RES ¥ + dctte A& uBs 2 Urt. wety AL E seede
#8 2SS Austd REHAY F71& AFE stdx Friax 2. g
HEtZtA LAERE R HREHIT Feol ol seed HEMA R71EA
FEZ B gfEog SHHct

5. B £48 HR

2] ¢] (Table 2-7>2 #HA¥E= A4 Jaroez 4 #ESIY Run A, Run B, Run

C2 UETSE & AMol Ui £5% AERES ¥ BR <Fig 2-3>, <Fig 2-4,
(Fig 2-5>, <Fig 2-6>3} o] L }E}Y4tct.
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[Fig 2-3] Time course of the cumulative methane gas yields of the

mixed solid samples
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[Fig 2-4] Time course of the cumulative methane gas yields

of the mixed solution samples
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[ Fig 2-5] Time cource of the methane contents of the
mixed solid samples in BMP test
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[Fig 2-6] Time course of the methane contents of the mixed

solution samples in BMP test



gl el <Fig 2-3>ollA EESY £5ME <Fig 2-02 BHERB EE3h
vl ele] kR wE HEER GFFHA SMEH 148 ZFANFAMEEHE
Aol #ms ol ¢igtrh. oY VAL FHEHYE ITMEH2 148 LUA
of WEA REEo] 186~199.5m¢E A LM doluz UdA &
cellulose, Lignined} Z& & #HMEHE HEUo AFIAI ddE22 HHHE
t}.

agla (Fig 2-4> BEY ZA$E BHR ¥ 7Y BRE FRYWE #FE&
2 148 ZHAol 127~175m 8] HEstA REHE R4 @B I
203~234.2m0 2 @M TrlE B2 HFE Ve {71 BES AR &3
ris A& ¢4 otk EY Run Ce HErta REEC A=xy Ao
bt ol: MAF AMY KXo &I fELE EMHT

919 <Fig 2-5>0l A& oiet ME7 108 BBV A 60.94~61.13%2] o)
EBlrla aEC2 HEHAdon Y (Fig 2-6>0A = 13H°] BBt 59.9
7~72.81%2 u]l$ ol EHArh. ot EES U BERHAM Ect vy B
B REHg Bd Res EMdr.

wpetA <Fig 2-3>ol A (Fig 2-6>8 HRE Miste ZAHE BELS %
By 3 £oM RES slets oal&o] gt RS & 4+ At

32

6. BB Ane £5 % KR

ANES A48 BEL U7 f3tdEs BEAE AR A o Lost
Ak g S4ol utel £E HE/ BEHE 297 ALE2E HE AN
Ny £45% eSS AYEY LEJ ot oietAd A Run D, Run E, Run F
o] B A4 BB ¥ HE <Fig 2-7> W (Fig 2-8>32 Zo] LElKT}.
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[Fig 2-7] Time course of the cumulative methane gas yields of the

non-mixed solution . samples
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919 <Fig 2-7>9 BB\ A& BRAME (Fig 2-0O4 T2 £5% HERS
Bold A metstA REES vl HEA Run D Z$ 1246012 Y& A2
Reg irEAct.

223 BE RBQA Fig 2-6> U Fig 2-8>ol M & vig @B 108 7 34|
HE &&o] 38.9~58.06%¥F AEESIA L} 13U WBSI 59.97~72.81%%
b o] FHadrh, uwelM <Fig 2-3>o A <(Fig 2-8>8 KRS HMHsld BAFH
H 4&HE KES stleds ofafo] ¢gleu Cellulose o] WL w37}
ol FEHE BTl 48 RE HEJ R0 8% AWE 23%
HEZL st

7. RIEE EERKN FE

X HRol &Y ot ME KEBELE 71&9 UASB W UBF REHE HpY
B2 NN HEY granuleo] AW &S KMl nBE BREE
Y02 N HRHAY EE BEL RMEAIE ol H&Eolet ¥ 4 3t}

A¥ol Y B 130000 BEOE (Fig 2-9% Zon WHo] FEH
38 WBREZ HARA FRAZ =Holdo & 18R, 8 28oAME W |
E BiEsSt B 3BoANE 8B 2 WBEAAA HEe] FUeE Hojzxirz 37
B F 2 granuleo] FANY + AUA sl HEE Ut ol 38 WEER 3
1Y UEINE FA vY BMEE 35ColA Hft4% AW 8z CoD/L 2 HHEY
Az CFig 2-10>, (Fig 2-11)>, <Fig 2-12>9} 22 KRS <9t}

CFig 2-10>014 pH Bt 3% RBE REHS 3 48] st pH
6.642 AR REBXcl dAF2E ¢ ol RS W B 487 we
A dolit7] dEoln 7do] BBAME 7.312 REMLEH AL 7.47 @
HE #MEINHEAN FAE KE®R 7.16 2t} REH LS 3l on <(Fig
2-11>2] gt 88 W= 480] F st DHM KERE 60.06% 35 WA

rlo

fr
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[Fig 2-9] Three steps fill-up filter reactor
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[ Fig 2-10] Variations of pH during anaerobic digestion
from Run B at 8g COD/L roading rate
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[ Fig 2-11] Variations of Methane V(%) during anaerobic
digestion from Run B at 8g COD/L roading rate
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[ Fig 2-12] Variations of COD during anaerobic digestion
from Run B at 8g COD/L roading rate



o

B e sls 71.12%% 16%7F o &th. 283 <Fig 2-12>o4 & TcCoD %
scope] #iLE 12H¢°] ZH st Z=HER WE7l& TCOD 7,520 mg/ £, SCOD
6,880 mg/ o] HAoU 38 o3 RE#H = TCOD 4,160 mg/ £, SCOD 3,840
mg/ £ 2 TCOD W SCODE £ & 44.7%%} 44.2%F o @mstod BRE= Ach

a2 RE FEHRP iyl EEBK, Bm BK, FE BK, ER 5
I 2 BT EEE o3 Y B HBEXRS Fstede F MR BE
o] —gwo s AtEEHch uEe HERE A&stEd rate-limiting
substrate® i ZolL THE stu: coDY VSE S EE BES A=
A} 23t Aolth. #H# 2l Hiko| Overall process performanceE FEsl:= K
Rolm ER ALE3lrlol= FEFISILE COD FH2 vse] dFES BHEAM @4
ol ol X = k= @Bl xS Y

W g &£mols CODS A EHEMNY Fdo o ojd MK HMmEA
471 wiEo copzt MY 4+ A& WU BRE RIEZY SEA sl
o grol L} €08 A£ME Btol ol Fol At Tl HSU Heo WAFS Al
KBRE & AL BESY NEEE 1o wWE CODEE wiAlE 4+ 2. 2
d22 FAHE HEC H4ED BE HF7 glo) ol &Hotz std Bl
e EE 5% EEE S ol —&RALE RHRE 4+ dArh

__as _
a5

k : kinetic constant (d')
S : Substrate concentration (g COD/ ¢ )

t : time (d)

3a 3 P.L. Mc cartyo] w2 1g2 COD = 0.35 literd] CHi&ERS
3tA HET EEo So7is coD U WA E viEle] BES ¥AEHYE B



£ Ba BAxolnd T3 ol WS
BO—B S

Bo =——S; -------- (2)

Bo : Ultimate methane yield (mé CHy/g COD added)
B : methane yield after a given period of fermentation
_ (m¢ CHs/g COD added)
(1) 2 (2)A el Al o] g et HERXZ tt23 Zo] Hr}.

BO_B
By

=exp(—k)  --------- (3)

1o A (4)ol A HE KB r ¥ HE BE k& 445314 =HY tl& (Table
2-11>3 Zro] EHESHC}.

<Table 2-11> First order rate K and r for separated solution samples

B Y=Ax +B
Sample 1— K r
B, A B
ed Run A 0. 00897 0.2143 7.9 10.1 0.9930
m1 X
Soluti Run B 0. 00431 0.2476 18.7 10.1 0.9937
Oiutlo .
"| RuncC 0.05254 0.1339 11.1 7.6 0. 9800
) Run D 0.03210 0.1563 9.7 5.1 0. 9691
non-mixed ’
; Run E 0.04742 0.1386 26.9 | 8.1 0.9730
Solution
Run F 0.03719 0.3719 61.7 15.3 0. 9649




91¢] <Table 2-11>o]A Constant(K) Zt& Run C, 0.1339°°, Run D,
0.1563, Run E, 0.1386™ 2 oi%t £/ HE7 =3 H2=2 yetudc ol
BMPE BRI A & W& 13F0°] Bl oixt && 59.97 ~ 72.81%2 RE
d Aol Lol £4 Kol ¥ HHEO FE SFHY el ¥ 4 3l
th, wetd 2 BB BRE £EE St FUW 55 - &4 LWE BEH
3t MRS BEASA 2B BBSA Methane Potential & HH ¥ 4+ 3

of Wi 12 AEE HANA ®A Y o2 EMHC

8. - ¥ B Material Balance

7}. #'B Balance

Solid 12.5 T/d
P Moisture 10 T/d (80%)

Dry Solid 2.5 T/d(20%)

Waste 50T/d
12.5 T/d Solid (25%) Fertilizer
37.5 T/d Solution (756%)

Solution 37.5 T/d
Separator TCOD 6,336 kg/d (168,960mg/l)
BOD 2,400kg/d(64,000mg/i)

Anaerobic digester

L}. &8 Blance

5 T/8hr
5 T/hr > Fertilizer
(5 T/hrx10hYy
400 T/d
Separator (40 T/dx3x3HRT)

Anaerobic digester



B35 oA Rt KE

£l K R

maeEgol iy FIEY HEAE HFE ALY B 1RMEAAM B BEA#
Bol o8 BT KREL EFTF $¢ EFE L B 2B Y
AT ) A## KBRE /t22 HE3A Hrt. o o LKA CHSt
Coe AY AHH B#EHAT Ammoniat B U7teld E4ih &R Z(NHNO2)
S WRBE HBRtbo BASAA £ 1BE BidAd Bre BES S $M3}
2 ometFe Ao ey Bt dy BHES UEA Hrl.

(e

1. B RER

WY HBEE ( Facultative )8 L HMAIF & Cellulosed] FFol
olel ctExg EEEe=E BA HE Zol 4~84, FI 1~1.5p¢A stxrt}
g EH EmRReltt. o] Fol: BRMol FHHI BB A= oy F
e BE#8ol 2l 1.549 RES 3tFAM B & ool € odrt. oF
3 BE Rt HEL ¢FZF. AL 2D olHMES ERI YEE
Clostridium acetobutylicum, Cellulosed& M3t = Cellulomonas
flavigena, & £ st Clostridium amylolyticun @ 8o BAES
2Histe B Sol dod, old £REHE EL4F FHYY ¥ TR FA
B Ba Bl HE Ko uet et



2. N BRHETE

Ao €714 < (0bligate)X ZRP 2 BMF A #HIx dowAM &fFo U
L% BMRE UE HE HTFEEH MU ME) MRS MERER Y
rEHE FNAE BR SR ANAU B HREAC &7 &S %2
SRIA YLEA fIM-LdF - /R71E - ELTME TE BESNA AHY
Ayz Foez FMAYCH ET HTES KBAUAL EHREI oz @A
72 E SBIe Hol U BAA B FAS R{EY 8 1RMEAA
P KK FETAAMN dojUE=2 4371 & olFojA Jta Fole HM
A#R7 2H/HHA de=ch.

d23 MEY A8E BEE FREZVE SEY Y4 43t MR
Mol M Uz & RESIFA ©BaA7tA2 Hch, HYEL 71242 $£4, A
28R dEL vt @ HANEE BREAIE BEE v Ho] A
gt

CO; + 4H, — CHs + 2H20

CO0; + 2C;HsOH — CH, + 2CH;COOH

CO; + 2C3H,COOH + H,0 — CHs + 4CH3COCH
CO + 3H; — CHy + H20

4C0 + 2H,0 — CHs + 3COq
a%le]]l ethyl alcohol, butyl alcohol, propyl alcohol, acetic acid,
lactic acid, propionic acid, formic acid, stearic S % ##&3A =Ho 2
R i3 Zol HEAct.

Ethyl alcohol : 2C;HsOH — 3CH; + CO; (75%CHs + 25%CO2)



Butyl alcohol : C4HeOH + H,0 — 3CHy + CO; (75%CHs + 25%CO;)

Acetic acid : CHsCOOH — CH4 + CO; (50%CH, + 50%CO02)

a8y Y@ BT FU1AE EHE 2B NS FH2 UAFA 4L
g ol MEAYE FRE ¥4 AR don @R SH AMAR WY

goh. oivEe REME o/l BEEBC 22HEE MM MEZ ko B
doz Wit Mol 2yl WEol MEY BVFS BAML 37 AsAE W
z7Ae @Eol BEsiT),

473

=
ce
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Herge] AT BEES FE8 sty sl HRel ¥ EkRE HAY
50%% Al & Wert glon &AkEo oAV ME ¥EE FRSA ¥
A HEE Jla wAS @M AJA ok v KR Fio wE A
EE BAY ZASole AT HE BRSE 3ol AAE LB U

a2 |l M AREM BEJE 2000~3000mg/ ¢ olie] HW Mie
Lol A Ho 48 RELS 8 2BEE = Eoi/A o Bt BB/ ARE
c}.

ol HBLol B HKBS TSI T BEE AASI: HEE 23
of ¥t

oEtgo] LSty YWay HB Alkali BEE PH 7.0~7.5°10 FBR
BES 2000mg/ Lol 312 38l HiE MK BEE AN, $2, 124 #MF
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[Fig 3-1] Process of microbes fermentation by glucose
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Y L KRG AHelodMe FRE AHeld ksl HEE SRl AEEHE=
AUAEL FHojMct o]RA2 HE MEol ¥ AL ujsly TH Y 7]
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<Fig 3-2> Process of airobic and anairobic fermentation by mierobes



fFRE R#EANE F71E0] BREHYBE FEEE o] AT BEE R
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JBE BKE REV FHYS dolud HE BEHI TS BRY &
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ey

o] 3] CHy &} C0E Hr}
ERES SRR B #igo]l douAd 7t BERELS 2719 FBREEC A
A Al "t

1) €4 F Cellulose & 4
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162 + 18 = 48 (50%) = 180
134. 4 2 7} A (7} A2 A3 8F=830mt/ g )

180/162 - 1 = 0.11u48] Bo] 729 Aysizn ot}
aeu BE 7t dRAZS BRLEY &Ec Ao, 332 B BRAA
BREE g FERE ME LA de B MR RIAY] HE

o B/l A& E 7] o Fojrt.



a2 RAREH 2ol 3 BELT Ae Fy Jt2FS £ 7t
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FERige RE RFH uld E3M= (Table 3-1D oy RE RERF#H
Ueg4E U B £4%te Bt 92 B A5 B4 AL} FA 7}
A 29 CH 28x BKSIA "},

< Table 3-1 > Anaerobic fermentation of fatty acid

2| A Bradats [ ARt | 7tAU3 % (nl/g) | CHA(%) | C02(%)
Stearic acid 18 8 1418 72.2 27.8
Lactic acid 4 1 1017 62.5 37.5
Propionic acid 3 0.5 907 58.3 41.7
Acetic acid 2 0 746 50 50
Glycerine 3 -0.5 730 58.3 41.7

T BEEY #RE S8
EEEY ®Il4 o] o) 1 BEE SANGA, §344, ojnxi B
°% HMED 2 Bl A oluito] pietE o] 8] CHy CO, NH; & 4 BY

=

1) Toleonic acid & #HRHE R

6CH3CH(OH)CH(NH2z)COOH + 6H,0 — 12CHs + 62C0; + 6NH3 + 6CO;
714 + 108 = 192 (66.7%) + 264 (33.3%) + 102 + 264 = 822
403 ¢ St A (7 A B ak=564mt/ g )
822/714 - 1 = 0.15u0 2] o] st et Agstn v},

2) oinli:=4te] K H S F



~ 4CH2(NH2)COOH + 2H20 — 3CHy + 5CO; + 4NH3
300 + 36 = 48 (75%) + 220 (25%) + 68 = 336
89.6 4 7} A (7t A =299nl/ g )

2CH3CH(NH2)COOH + 2H,0 — 3CH4 + 3COz + 2NH3
178 + 36 = 48 (75%) + 132 (25%) + 34 = 214
89.6 £ 7t A (7hA WA 3=503nl/g )
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[Fig 3-3] Anaerbic digestion process
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[Fig 3-4] Various developed anaerobic bioreator -
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1. 3B WBIE KB (Three steps fill-up filter reactor) HAE B

X BERo ALY REBY FRE (Fig 3-5¢8 Zon x o B K&
L J]&9¢ UASB X UBF 371 & TR KE=A WHE7W EEY granule
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(B) | (1)
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(1) Reactor (2) Hot & magnetic stirrer (3) pH Adjuster (4) Recycie & feed pump

(5) Wet gas meter (6) Gas filter (7) Gas sampling pot (8) Liquid sampling pot

(9), (10), (11) Filter (12), (13) Honeycomb media (14) Distributer (15) Effluent

<Fig 3-5> Schematic diagram of three steps fill-up filter reactor
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[ Fig 3-6 ] Variations of pH, CH, and TCOD during anaerobic digestion
from Run B sample at start-up.
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[ Fig.3-7 ] Variations of VFA during anaerobic digestion from Run B

sample at start-up.
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[ Fig 3-8] Time cource of pH, CH, and TCOD during anaerobic digestion
from Run B sample at 10g COD/L loading rate.
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[Fig 3-9] Time cource of pH, CH, and TCOD during anaerobic digestion
from Run B sample at 16g CODI/L loading rate.



TCOD (mg/L)

2200 7 7.22 73
7.20 -
2000 L 72
7.18 -
1800 - L 71
800 7.16 - =
S
T e
= 5
00 4 147 L 70
7.12 -
1400 - - - 69
- -3~ CH4(%)
7.10 H —&~ TCOD(mg/L)
1200 - 708 T T T T T T T 68
0 2 4 6 8 10 12 14 16
Time (day)

[ Fig 3-10] Time cource of pH, CH, and TCOD during anaerobic digestion
from Run B sample at 18g COD/L loading rate.
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[ Fig 3-11] Time cource of the methane gas production, Yield

and content at 20g CODIL loading rate in batch.
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[ Fig 3-12 ] Rectilineal recurring plot of the methane gas content

at 20g COD/L loading rate in batch.



(Fig 3-7>& <Fig 3-6>2] start-up &l Ao VFAS] B{E ST Ao
128 0] @5t Acetic acid 204.98 mg/ £, Propionic acid 147.47 mg/ £,
Butyric acid 121.37 mg/ ¢ & R Eo] H A},

(Fig 3-8>ol- &= 10g COD/ £ & AME HB® HANL S ofo pH, CHi(%),
TCOD(mg/ £ )] B E EAMslgden ol HAKS pH 7.02 % FHESIA 18
18 248 A3 158 94 E@AE pHe 7.4, CHe(%) 88.4%, TCOD 1,191 mg/
22 TCODY ZB9 FUAY 96%7t BrREH AT

J2]3 <Fig 3-9>+= 16g COD/ L2 AH/E MMAIAE e pH, CHy(%),
TCOD(ng/ ¢ )ol Th®t Bftolm ol& A4 AM 10g COD/ e ol i3 87
71 W&ol pH 7.1, CHe(%) 72.0%, TCOD 1,344 mg/ ¢ B eI on o= #
B4 A 10g COD/ £ o] 3] pHe MY 2ZRE R oU CHi(%): 16.4%71

Bt 3, TCODE 154 mg/ £ 7} & A UEIUE HRE Sdct.

<Fig 3-10>2 H@&% ATE 18z COD/ L 2 F3E @BMAY HREAN pH
7.2, CHa(%) 70.5%, TCOD 1,792 mg/ ¢ & ##H = 2dth. ol 16g COD/ £ & ¥ 3}
of @ dto] CHy(%)e 1.5%7F {E T3S TCODE 448 mg/ £ 71 @insdt= A
g ddrch

ulet A <Fig 3-8>clM & HH@YH AWE 18 1E F7/H22 HEAY o &
A W RE BAM A #MEY RE A Eol BEol USIUAAM A
ol Ut Al o] CHy(%)7F B/E ATHZl Bl VAo dojd Zo2 BES
ol & E¥3lo A& HANE HRS =& BEE B Ui SHS
3 ER R71E 38 205 COD/L 2 & of CH(%): 70.5%0l A 1ReF &
sto] 61.82%, 2R 4R 48.63%= Qol iyt WM # 50.09%2 @insts] A
2psto] 6RER) # 52.07%% M A3 BmWMEES ¢ + Addrh

283 Methane gas £ E&S> 1RM 7 3te 92n¢, 2 # 208 E &
B ZUstdctrl 6B5R ol Folt SmE A ZMAAN 24RH BEBREE 968
w7t £ EE Ach



olg} e BRS ARY AWME <Fig 3-12>0A4 o EREERALZTY 1
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Q
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olth. whatA 20g COD/ ¢ H#Y AMHES 0.833g COD/ £ /hr2 HAY F
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2dEE 3% WAK #KF RE d8dM ZENI 87178 B3
EEEFS S2312 24 oux Bl ¥ BRE s+ Ao uid BE
#l 21g =2sted o o 22 BHE E& & AT

7},

g}.

a}.

H} .

B-%-kE Wst¥) AR MELE ZAYE Z 3 Run Ao A Run Fo
RS A E£A35lod Run BE RE RME stden oju C/N Ratio
= A BV BAT 18. 4101t

e %# SHolA Run A, Run B, Run C= HRE S TCODE Y ElL
doem, 2 % TCODZt 7% &2 22 168.960 mg/ £ 1 Run B o] &it}.
Wl Eigol ool w49 pHAM ¢glol 8g COD/ L AME Seed 20% &
o Mol SANAS w 1480 ZF st pH 7.02, CHy(%)
59.3%2 RKEE WA TCODBREXRERLZ 7I1%7t HA L™ VFAE 12H BER
Acetic acid 204.98 mg/ ¢, Propionic acid 147.47 mg/ ¢, Butyric
acid 121.37 mg/ £ & KEH A},

EA BKe pHE 7.022 ZXE3WA 10g COD/ ¢ AME A& &34
£ pH 7.4, CHy(%) 88.4%5 REE I TCODE 96%71 BRZEF olrt.

HEBY AT 18g COD/ L 2 Z7FAl: pH 7.2, CHy(%) 70.5%2 XA
TCODE= 93.5%8] BRERE Bdoy F s47F TCOD 27,520 mg/ £ 2
BRE BKolsl wiEo] TCODE 1,792 mg/ £ 2 & A #HEdct.

20g COD/ ¢ /718 AN EH# DA R CH(x)TFol oty ER
HERL Y = 62.9 + (-2.6)X2o H@RY AWFHEES 0.833g COD/ ¢
/hrE2 A& FUA = CHy(%) 60.3% S B2 Methane gas& 968ml/d A§ Al
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3. K XE MH K 2k BRE KR

7h. WH Bk o
UBF REEHE ol & #HEHKE R HRo ALH Run B Solutione] gt
SH s <Table 3-2>% Zonm WtZJlo] HAEY #We pHE 7.008 =23
g0y HBES TCOD (27,520 mg/ £ )8 E3le olUx HWgaods o a &o)
dodeut ke copE
th. olol H B4 AR 20g COD/ Lol M2 RIE H#2 (Table 3-3>3 oo

BR KE fHKkA iy £ 2= (Table 3-4>2} L},

WEede MO 715 AT H#ol

Characteristics of Run B solution

BER= A

<Table 3-2>
COD (mg/ £) SS NOz-N NOs3-N NH¢-N PO,s-P
Phase pH
TCOD SCOD | (mg/2) | (mg/2) | (mg/2) | (mg/2) | (mg/ L)
Run B 5.2 27,520 { 18,880 8, 550 2.30 125.0 2.10 104.0
<Table 3-3> Experimental operating conditions for anaerobic reactor
Ph i Temperature | Reactor | Organic load CHy(%) gas production VFA
ase E
P (t) (2) | (gcon/e) ‘ (m) (mg/ 2 )
Condition | 7.1 38.0 5.0 20 55.15 968 278




<Table 3-4> Characterics of anaerobic effluent

COD (mg/ £ ) ) NOz-N NO3-N NH,;-N PO,-P
Phase pH
TCOD SCOD | (mg/2) | (mg/2) | (mg/2) | (mg/ 2) | (mg/ 2)
Effluent! o | 1890 | 1,690 | 540 | 0.94 | 0.23 | 0.40 | 18.0
solution '

(Table 3-4>ollA #eHKkS TCODE 93.1%, SS 93.7%, NH-N 81%, PO4-P
82.7%2] £& BERE Rarth

U, @ Bl K3Y Magnetizer 4 W

Magnetizer& 2 inch pipe®] & Zof 30Xx50X 10m/m 2 7] 2,000 gaused 2
& 3@ 10cn BHLE 5 set HE3I UFole 1 inch pipeE core2 ¥
AEHES 20 FBSIA dted 83 wl/min (5.8 con/min F&)2E REIAS
W ge fmR BMLES MY A3 (Table 3-59 2 HES At

<Table 3-5> Effect of TCOD removal for treatment of Shinfloc and magnetizer

TOD SoD S NO-N NOs-N NHg-N PO-P

al
(mg/ £) | (mg/ £) | (mg/ £) | (mg/ £) | (mg/ £) | (mg/ £) | (mey £) Hl

Sample pH

anaerobic effluent| 7.5 | 1330 832 460 0.52 0.04 0.32 32.5

0.1% Iron Oxide | 7.4 | 998 832 440 0.42 0.04 0.30. | 32.0

Magnetizer 7.5 915 832 440 0.39 0.03 0.25 25.0

0.1% Shinfloc 7.6 | 832 666 400 0.45 0.04 0.29 30.0

Magnetizer 7.7 | 748 500 380 0.36 0.02 0.24 25.5

Dilution

7. 7 140 , _ 3 . _
0.1% Shinfloc 0] 176 6.7 | 0.014 0.00 | 0.5




{Table3-5>0l A 0.1% Iron Oxide®} 0.1% ShinflocE& #Hinsltel 18 HEHS
2 MagnetizerE® HTBAIZHAE W 0.1% Shinfloc® 7 ¢ TCOD:= 44%, SCOD
40%, SS 17%, NH4-N 25%, PO,-P 22%9] Bk HMEE R oL ol & mitsly]
sl E oS WA RESoO BB 1k BREKE 2& YA 2K
@E REY Z3 TCOD: 86.8% SCOD 83.2%, SS 98.6%, NH4-N 100%, PO4-P
98.5%2] &2 BEXS UEeluo Btk E¥el =t S ¢ & AUd
th. 2 gtk EM¥rbA] BEINI HMAHe o W2 BB 27 ¥

Jel BmEHY RE RMES 317 A pH Bkl iy BE X
By A HmE W3 ol BERBSA disled Mz &E ERA
Jled U #BRMY AYe]l HES BE HEY o Folch. ol F2 &
B pEogs vt} 22 Jar Test WHE HANAH.

) TOC(TCOD, SCOD, MLSS, SS)& WA RWEch.

@ S4 200m¢ HEA — Mixing3lB A BEH lmg? F¢4 — @E — Y

FlocBERE — & R E

® =4 120l pH 6B¢BE(pH 4, 5, 6, 7, 8, 9)E FAMW3l 6 SampleFH]

@ 250 SESIUNFE - 1550 BES52 FlocWE (Floc¥y A mta F9)
# Astol tig Flocy g i L&k, ST Flochk B, LBE pHER

® %5 TOC(TCOD, SCOD, MLSS, SS), fwpfe] #EEES} pHBAE Fcl.

® 6f8 Beakero] & MK 1. & ¢, @2 A &/ HingEol chzh 25
~ 200%2] B &£

@ OKRE pH7t =S B - dZe] KeE =23

2 SEREE 155K BES Ut (Flocw 7t HASHA] Ud=F
Z24) FlocBEE7A S Wi RE

Sample 2047 ZBZAAA AF5Jo=E LEY Datag &3

Bl SEA mnE A&

® ©



T}. Magnetic Fluid Separationo] 3% MAK# SS Bbx B®R

BE Ml B¥EY BREEBHY Magnetited} LS R HWBE Aol
Vander Waals ¥ 2 42 TF BRAN R SMHEo HU= 3 g},

X EBO A8 BWE o8 KB Fig 3-13> Zog A2 H@
sEE, v BE moRe U, AL REnEN) TF BE,
On/0ffA BEAENE, FHER BREHFLE F=HUct. WMl FRES HE
7} 2} 5cme}t 8cmo]l il &ol7F 100cmq] olAYF ST MIEE o rt. m S A
HdulEAe BAKE 29ty Slurrysl 2 2 B ¥] Peristaltic punpE 7 83}
FA ReAHY THE L= k2 T2 LRERCY, BEN &2
g Helee BER TAYS BB HHIAES stdch

e Wi Felde AE AHE ol Mo EIIEHA ded AL
WA A REY #AHol ZZ 190 Gauss®} 1000 GaussQ! BREL BREA
F MR E Al&stdct. &Y Sete ol HH & 15cne] RHOZ 5o W
Eslol glom 24 Setd WMEAKE 3EE MZ 120° o MEE wjxFHo Q
th. oldl fA Ee®e HFLEds Zol 100cnd] oYUM YFEE HA
HESI GAZL olZUF ¢HI AUY L7FY vi2F xolE T=H 3}
ol Bhe BENS VA HAYY BR o 2 BRME Lot

- s B BEHY SSEE ¢ 7,442 ppo (= mg/ L)

- AHgE/Sse HEEH - 8.06

- 2E MBIEER A = - 0.172 cn/s (0.2 £ /min)
(FAl S IF : 5cm, &) : 100 cm)

- A Bk KPR SSH £ sample-1 ¥4 : 54 ppn

- B &4 SSE X sample-2 ¥4 : 56 ppnm

- A BEH K sample-1 E B AA XL : 99.3%

- 24 wW &4 sample-2 71 EX BRE HE : 99.2%



- AN wE24E FHER 23% BER wWE4S sanple-19 SSHEE 11

- 2 E4+E EHER $£73% AEE wWZE4 sacple-28] SSEE 13

'
it
ok

Bt 4 sapple-1 ZMMYY B BE A& : 99.9%
- ¥del 4 sapple-2 AWM M BRE EE : 99.8%
- BAKe turbidity = 4,348

- A} HEHAK Y turbidity = 99.8

- FEER e+ turbidity = 23.8

gle] RRAN SSHRERS 99%ol4, BE M LR 98~99%2] REFY 23

E <ddarch.

5 X D
I -
X
X
1 2 4 X X
|| O N *

LT :

A 3
10
1. Magnetite 5. Magnetic Fluid Separator 9. Valve
2. Wastewater 6. Magnet 10, Magnetite + SS
3. Mixing Tank 7. Activated carben bed
4. Peristalitic Pump 8. Clarified Water

<Fig 3-13> Schematic diagram of magnetic fiuid separator system



g, MRS M &RY BE RE

X ERAL £ BMKol st £H 8, HEM U BN YYPLE
Ay o @HARE aso oy BE LEW Nas MAAHIT UA
ojo} wj& 4ol tid ME L COD ERE HHoE BRASMO AY BRE B
BE staz ¥l

e & 4 BEES IR BAAAY HHKkE REI 53X ot @A
L OzoneREE 1A Yol: BESME BHLLE 7tsdivin Erh. AHlA
AEdnA 3t BRSHE ER BB AL <Fig 3-14>3 Zro.

Fig 3-14> BERoIA MEAKE W+ CODRE 2 XFZAAM 1K o=
BE 5 Z2Eo] WSt pH £ RAEY S FHWEA NaClE F¢ &
s]5le] KB 20ColA CuBBOo = MM EEM 12v/m, 10 Volt, 13 Ampe] 27
o2 s4f Aziste 18ET 1Y HBMe cl (Table 3-6>3 o] &
A ¥ At

Power |
@ wer Supp y_

pH control

wor VAL

Wastewater

—8—) = EFFluent
*

Feed pump

Electrolytic cell

<Fig 3-14> Schematic diagram of continuous electrolysis system



<Table 3-6> Effect of TCOD removal for treatment of electrolytic cell

o TCOD SCOoD SS NO;-N | NH4-N | PQO4-P
-+ < | pH H] I
(mg/ 2 )|(mg/ £ )|(mg/ £ )|(mg/ £)|(mg/2)|(mg/ L)
Anaerobic
7.5 | 1330 832 460 0.52 0.32 32.5
(x2)
Anaerobic
8.4 986 810 120 | 0.114 | 0.01 1.00 Electrolysis
effluent
. Electrolysis
Anaerobic
(x2) 8.3 627 506 33 0.056 | 0.01 0.02 | dilution Shinfloc
0.1%
Fish farm
7.7 160 137 10.0 - 0.01 2.50
effluent
NaCl 0.2%
” 9.2 51 47 4.0 - 0.01 0.30 Electrolysis
(4.89) Shinfloc
NaCl 0. 2%
Electrolysis
" 8.5 54 48 6.0 - 0.01 0.39
(4.89) %%
Sludge
NaCl 0,2%
" 8.2 54 50 5.0 - 0.01 0.50 Electrolysis
(4.89)

(Table 3-6>0ll A HEE 2 Anaerobic effluent ¢l 7 ¢ TCODY ERERZ
63%, SCOD 40%, SS 93%, NO;-N 90%, NHe-N 97%, P0,-P 100%%] #RE ¢AdoH
#3 SS I N, PY BREXLS U&Estdct. el EREQ Fish farn
effluent& 2 £ TCODS | A &2 68%, SCOD 66%, NO.-N 88%2] Brk #HMES
et K et

oz ERAME HE U WEHY REFR FHA AHeAZ 2 BRK
wEEY %o tisld KT A& SdHe Uy KF EE =3& HH
3t a1z} ¥c.

9 BELSME TRAA Yutdoz Uelu: BEXRE U2 BEN &



# 28, BLE S AL, BML L A JtA pechanisnlE FAAH|AH
A th2 gol REYCR & 4 rh.

Anode : 4Cu = 4Cu® + 8e~

4Cu? + 10H,0 + 0, = 4Cu(OH); + 8H’

F7] REAA o A7 oy ftigel 2l BN BY T FRY
of EAF RIVIERE FMEY ol RIE —W SSEH S Cu(OH)sof 23}
W == LAY KFEo J3f FE SEACE ol AFdA RE W COD
o] BREI dojdria Erl.

4. Wt EA

7. R&RE

BRE BMBAAM UMY Jt& FoL i BE LaHY B o3
YA HE HST gREo] dlon BE BA ppnol AT F Lol ohet @
& g 1~2%7 H7 = g},

HSE RS MR U RAEKY tr1edg A BERO HEE 714
Zol H:S BE7L #& Z$ole R EE7 HLstich,

g8 Ao oy REMWY RS ctlS <Table 3-70>3 Z 2w (Table 3-7>0]
A BR HEdt HE ¥RAE TRY HE E/77 A&HIL KBRS
Z% &4 wdol Fysitt., RWABLolE Redox KEol 37 wWio] glon
MEA (mono-ethanol amine)& A}-&3te WHE RE#H w2HAM MEA Hiol
A @ o] o] FolHAM EF HSER ofel €O, REE FAol HEE Hi

B W 7t2E & 4 At



<Table 3-7> Desulfonation of biogas

gha 9 & i g 5 H R - Sk e A
A atEbEY [HX - SEEEE, |&F: Fe:0s  xH:0+3H:.S—Fe:Su+(x+3)H:0 |HZ|HZR
Al A E H[(Fe0:50 ~60%] A M: Fe:Ss+xH:0+30 —Fe:S: * xH.0+38 B7| L8}

=AM = 2o o8t H.S2 & MFH
Jtaacke [NaOH 89 2NaQH+H,S—Na:S+2H.0 7t - e
AMEH  [Ca(OH). BN Ca(OH):+H.S—CaS+2H.0 Air blowerS
& | ¢2L]ot |NH: 2NHs+H:S—(NH.):S
A|-E-E""’Q Na:CO; 89 Na:COs+H.S—=NaHS+NaHCO, %7itl'§]’
AlC|E238 INa.COs SH4 £ £: Na.As:S:0:4H:S—Na.As:S.0+H:0 "
E0l(AS20:) XY A NaAs:860+0—Na«As:5:0:+S
Al B Na:CO:+H:S—>NaHS+NaHCO:
OH
PN S0O:Na+NaHS SO:Na
NA:CO: 24 +Zojf +NaHCQ,— +Na:COs+S
Ct7t3taAgl(1,4-Naphtoquinone-2 " ¥ "
'+ Sodium sulfonic acig 0 OH
OH 0
SO:Na SO:Na
o= o =
OH

-2 &Y Monoethanolamine |2RNH:+H.S <{RNH.).S

4
o
N
Tht
ne

. 7t HA FE

TA 2 HR Me FZoAMY 7ta o] &2 M wW2 o] Boiler AP E
Al g3t3, ZPo] welxdEs BERE B Y JtA2d3F, B, RBE ol &H
T, Dgtel FHRY %S L RHAA RELEE &3t FE AT
duty ol MAHE BB 729 ol& WAL thg (Fig 3-15>2F #rl.

t}. Biogas® 7k <3 oy A Balance

Hg BB JIAE o235l BB MmBo ol&Y F S 1nd7F2(6,000k/
)2 % 0.622 E#st HHHA D LA Ao o] &atA HH 2 kvh BH
3} 2,460kd (F R & 0.25L4%)Y AdE A HEE 3wt féFol mA
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FHE
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{(Table 3-8)>z Zrc}.
—>otamet |
5=
MM E
—> 243 2

7A€

]
zl
gl

aste
burner

gas

Balance

oy =

B X2 WENEEALE)

Y X2, X7HESI

=
=T wExsie vy

U g, AF3a

1]

9|

— = 2veus
2] 24 molgan8zelE

[—1]
k=3
TUNPUE (%-3

AR

[Fig 3-15] Utilization of biogas

<Table 3-8> Energy balance of gas turbine

IHP/hreda | A& FtAI M 2k
(kel/hph) (%) (kd/nt)
FPLn 2,240 100 6, 000
AzoA =L 670 +30 | 1,800[X&95.5%7]F
SE:| 1,570 1800 % 0, 955
=1720k4/ !
=2. 68hph/nt
=2.00kwh/ i}
WzteZF oo 785
Iz 4a 605 +27 1,620
urite 180 -8
8} 7] 5o d 785
d&34d 314 +14 840
uited 471 -21
dEA 919 +4] 2,460

gy

)

T

C

b

oo

Rtobduie| &

=] =
£3=

7183871



5. R ¥ MBI Material Balance

7}. %8 Balance

Solution 100 T/d
» TCOD 1,890 mg/l Aerobic digester
SCOD 1,690 mg/l
SS 540 mg/l

Solution 37.5 T/d Effluent
CHs 65%

Anaerobic digester CO. 35% ‘
Gas 1,320 m¥/d

Methane gas

L}, &£ & Balance

500 T/d
(100 T/dx5d/HRT)

400 T/d Aerobic digster

120 m*/2hr

Anaerobic digester

Gas holder
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EHBERES Manchester t] & e Flower, Ardern, Lockett7} # /13l ¥4
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7}, =¥ EHFSRE (Conventional activated sludge process)
wRL ¥ BRAEY FAHo EHMMOlI Lw v YWHLE 0.40~0.6kg/
m - day, MLSS = 1,000~ 2,500ppm B4 o] c},

U, @ BKEHE (Tapered aeration)

BN FEEBRKY 2% Bk BREE RYF F2olA BODI w2, H
D2 77t A4+ 8 FAx3y o2 BoD7t worct, umietM ¥ REES AnD
oM w3 HooAdE FHch 1d2E AEMY Z7E 37 ddlMde BR
HEE EEY o Aoz FH/hsle F7 FxE EEsE Al F

c}.

tl. 4% BEYE (Step aeration)

Mackee, Fair (1942) Alx o] wt¥ & B¥ fFff(distributed loading)elll
Bl ek FYTE BEROE ¥t BEMY ZHo Eostq FL3
= wygolrct.

o] W¥lo] 23l /I ESL RBMI BAFE ¥Egs U2, BREXEREE
Z71z2 AA BH—t HEZ §2 d&°] A& Zfolx= ER AL+ sl

2gl. T2 EBEAS BAE (Complete mixing)

BEpe HAH HelE #HESY sl ZLIYA £K KRB 3l F &
Zol Zasitt. 21T REBE 3tede T2 BAESA #F71E8 AW RES
B—3lA e wyolct. o] WM & Hohokus, N, J. 2 #KE T#H wis+ Heo
HAE Lt

o, B BHEYE (Contact stabilization)

Ullrich, Smith = TFTX @E& 23 Az W 3t E Austin, Texas



of MAY Wolrl. ok XK FH BALS HEIE= i X BEELE 3
Astd 2E®MOE SJE AWE # 252 F7 AANEe UYPes
Biosorption H¥ (A EH L Infilco) olelaE ¥ch. EF FJ| AL H#

3l BOD ¥3tE Eolt RAM ¥EL2UUE St

. BERM BHEE (Extended aeration process)

|

ol

v}

A BRBLLS Total oxidation EE= Rated aerationo]gil e ¥
Leoo. 7t AL RESANE dod2y &£kl 2 Aoz d3A 3l
Tapleshay o] REE ol &slo] $E BEXK BK RER 22 YA 87
H AR E &)l chAl f3to] & BAME A spach.

lo

A}, BA{L#¥E (Oxidation ditch)

ot RuUMETEWREOIAN VasveerFol 2] /AU NHA vis Az
g9 Zog HHLE Lol W 18 RME FIA EYde] EHEHIAA
Z7] BEE Ao FJ FREE KessnerBl F W2 BE BHoln 3
Hol 3] 719t Ty Eihol Uz dojdrt. olu BEE WHolA
MLSS7} BBme® A% FA7 doiuvA A42F MES #FSts Ao T2

3.

o}, BE WHHE (Modified aeration process)

g MLSS A2 B B4 WA BEMNY NeHE HEIez ¢ Ze
2 Jamaica, Wuppertal, Losangels & ojlA] BOD BRE & 75~ 80%, Osakao]A F
# 82% AALE LEIYO] M H 22 50~70% RERS 7[tist alti.

2}, B BREYE (Activated aeration process)
BENY AHe B 3tUZE Torpey, Chasickes HEM, FHEs) 2 o



Hol BN oM HBRERES ol &sl: Ei WHAE B4 AU Aot
zZ 282 = AdE Urd U REM PEE o stus Y492y
2 o]g3ld HAS BE RESIE ZoE £ BOD HAES 82%7F At

z}. Kraustc % Hat filedik

Kraus®) 2} Hat filedd Bt} A9 & FHRAolth Hat filed < 2HE F
Bl ERIAY Krausd 2 —|HY AZ7N 2o BRI U= E
EREMo] NEstE ol thE Holtl. ol Zlolu #HAE MW e
o g oUE BHAINE A2 T

7). #i K BRE (Pure oxygen aeration process)

Okune MME 7] e BRe UFE, H¥RSHGAY M@K AEA BA
o] wold Eastact DU AT MR HA ¥ A A7 FA &
F oRES WeHd o Bk EAMLI A= Aok # BEA g A
T oug &5 RES JdoU BEE HXEAMN 55X 2E SVI(Sludge Volume
Index)7} 25 BE Lol ksl e Feolth ol svizk ¥ "Rl F—
gie AAMolM ol vt RE HEES s AL $ Atk |

El. Bt B AYE (Deep tank aeration process)

ol Ne +# 22& AA FEASE WHoE BE BR FEol AMHE
2 ot Az ZJ: BME #AR we ziog mHol olxwt K@l MLSS
M RE EENS o ME 3 KEE BAdA ol HY2UE ¥
LAFIEE Z7 #olrt Ak 2dEE o FRAME FJ 2 Zole 10n
o)A w HE EEE 5o fXol Ect. BE BE RE T HANHT BOD
% kRS 87~ 89%0|t,



. Hft BRE
O do] BELOSE 4H# Z7) (Dispersed aeration), BER{t XX F7|

(Hydrogen peroxide aeration)”} 9lt}.

gofy HRYE RE FiE

1. BEFHREY £RK

7}, FEHEBJR Flock?] B

x84 B2 eU Flock: Zooglead] MEol o3 BREHAT S48 #
ke BSLE Zooglea LA#t el Bacteriaol s ME HRHECI. Zooglead WE
2 FE F4E FAR 7] dE BEYE L oo vy FRHo WS
o ME EES WED, £ SEEo US4 Flock KEE AMcH

L. EREBR ER

gHdeoUde ARE WES AL s Bt 283te Aelgolsl o
of E@RY Fid BH2U £HH BEMLE FHE FAISHA ded
T, H#Y AFES BOD, COD JlEl WP o= KKK &olstA EEH XRBR
o] Elxut Mg 4AHRY FHE il KENLE EAMl o}
871 W&ol KA o] Pl

Ao

2
i

o}, BHEBE £HE

BE APE 53] FlockES U°elde WP o2 MLSS U MLSSVSE € A3t
of £#HE 53] FlockES EA3ls 2ol —#olct. FlockE F43ste A
B2 WES: A PN FHHR YELS ol FRHIIT. 1=
2 oo Y B ARPY 49 EREEK A3 UYEluY $E AR



g4 &4k VAL tid At gol ¥rh

P= a + b Lsoo

gl. BRMW/E (Sludge index)

Mohlmant Sludg index& HH3IHEAM 24 €A (SVI)E Eslgden B
Z£E2 4= SVI(Sludge Volume Index)7} d2| #MAS I o},

ML 304 B AFY H&E3 o EENLE VElE A3 Zojdrt.

SVI= 30’3‘ ;:]7\(1:7‘9’] .S’_“](VOP/(Q — o ML3 EAAF oY Volmt
LUAZZH(WM%) MLSS(g/ ¢)

Bulking ol2Z gult SVIE 3008 2S¢ EHEMLET SVIE 1004
T 7t A 38t

o}, B4 (Sludge age)
MLSSS] % - # xR #M 23 BE Uehds Aot}

MLSS V a1
Slud, = ———
uage age Qins SSiw
MLSS = mg/ ¢
SSiny = B4 ZF2] SS (mg/ L)
Vir = F712 £% (m)
Qint = Y4 (nf/day)



2. MRERE

7b. BeRkFY HO1AES B 28 310 HY B2
BRAM AdHs 7711 BEES Lo (kg/day)2 YERHE

Lsobr
LBODT—[:
LsoDeft
Leoo- = BOD ¥ 3} 8 (kg/day)

#| A BOD (kg/day)
Leopetr = ZF-§ BOD (kg/day)

Leom

BX AR AF FoAste WHKRE JEIHE

LBODett ===========-meecececoccoccmmmeoo 248l g
Lsonr—[:
Lesops AR EERE - 28U
FHY METY - L 2RSS
g 0 28RS
A AtA 9 e = algopm + bMLSS - cLaoms
L. B{ZE
B4 £HEN REYE FodAHAE BEe] &t tfE3 BOD &
£ & By g (Table 4-1>3 Zrc},
3. COD £} B{LR

it oz REM BREEBE-SRMBREY €22 R3ls ARA



<Table 4-1> Efficiency of activated sludge system

"oy | LBOD (kg/nd) | MLSS (kg/mt) | EBOD (%)
¥ & ¥ | 04~06 1~2 95
A 2yl 0.4~0.6 1~2 95
£ F H| 08~10 2~3 90~95
A & 71 ¥H | 0.8~1.2 2~6 85~90
AL ZFE7H(A) | 1.6~6.5 0.4~0.8 50 ~70
A ZHE 71 (B) 3~10 3~10 70~90
A &7 0.2~0.3 1~3 75~85
A 3 3 ¥ | 0.1~0.3 2~4 75~90
AzEFANN - - 80~85

Ho 2o whal #ik COD M AL ETHCL.

copel H3t %I FHEkol: EJ =2 BN RHEEY COD FF2LE Ui
2323 (kg-COD/mi - d)8} MLSS HE®E S COD A&/ (kg-COD/kg-MLSS - d) =
et & o] oltt.

AR ATE BR HAA Bz BEE HESt=d FAJL Ha MLSSE
il BRe #Ested st Bt g FE4UES £% BERel
ojgt w4 Aoy WMol BRI £HWE-Loo 7t B LS FAY Last ol

2 EME-MSSERE BEY BAV OB BRMOE Lo - MLSS Atolof
E AN A7 4Ech Ay HEEFH HEHHSE BEHT Loo (kg

COD/kg-MLSS - d)8F M A& Eew (%) MHES 29 The <Fig 4-1>3 B,
Fig 4-1>o) A A|4e ¥4 ey Plants OAQ@ ik B W) FHE
& 93 Yoo @¥ #iffol HZHY BAK FMolgt ¥4 AUrh
ol g3t |AL MLSSE CODRE 3P (ked )t Bk Ex= HBE CODZ(FF)A
o BAESZ EAY Zo] UL HMY KolWAN SEmMI Y YYo= ud
(Fig 4-2>8 Zrol Ao HEg Lol dUctz & 4 3t
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<Fig 4-1> Relation of Lcoo and Ecop (%)

10.0
8.0
6.0

F VT TT

4.0
3.0

I
oo

2.0

T

1.0
0.8

0.6
0.4p

t L
&,

0.2

"ooD m..,_ [(COD/MLSS)ka/kg]
Mo

0.1 1 el d 111y | S W T

0.1 0.2 04 0608110 20 4.0

<Fig 4-2> Reduction relation of TCOD and MLSS loading




4. FHBREY BERR

o7} HE& RogE Bulking 2 Deflocculation (3{A)7F ey
Bulking?] &AM ¢ Fel: Sphaerotilus 59 M4 BE] RE HKE=E 8
B AU 2UZY #£44k7 B RBE 7t ¥ dojtt. 21822 F

B #ames 2338 tfE ol folA Bulkingg o273 Tt

7}. Bulking S&E

o} Bulking Hiol tialdEe dB-Aol At BE FHRol rt. =atA
wj4ak, wi4 KES B{(Y. N, PS), BOD, COD AFHE, F/=2 (FI7Z29
DOL 2ppm o4 Hx 7 £WH) ERFERE BE, P #zd JYE 5
& HAames FEIND FE HERE BHMN2E Afs Hol Frh

U, B K
i QA Bulkingd @ o 7= tiE FEHR 23 dojuiA o k@AM

A ¥H4oRE S 22 FE EF UTh
@ HR7 BKASHA Blockd Rjich.
@ mEKZS ss7t Bmdta EesAch

@ B{LEo] s HL}.

o2 FROoZ: BHEBK, 4£4 RHEQME wWiFod FF HHEO ¢

2

c}.

>

o] . =
¥ 3 5% =

1) BH BR
ol Zro HY MEEE YR oUE BB ZA F/sA HE R



g4 BHol MMM FEBE Flock AU HEME o & Flock
R Lol WASA HHA Flockel A1k 1A ¥Aaro] dojyry,

JAY e BRES WAL LM Kool WE SS HEOET mEA
Zol SeBADT, olg T RME Fig 4-3>FF o] EAHT}

2) 4o RAERHE

5o ol FAol A% MBE A BHFEoAME ZAF Ancebasl o] i
et 2o N REKS FHES LAt Awcebal A EE 2
L Flock& #MsIA HEHHL=z HEAs= o] octt. metA Anoceba7}
AeleFol BEEsIA =Hd Nels BRE A}E FAAIA "l

o |
! 3. | 83 Fok 2%
80 - ,
¥ 6 > N
i of 5
%0
E I A,
; ' 2 EAE L k|
£, .
- N
A Y
O\\
10 1 A
0 2 4 6 8 10 12 14 18
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<Fig 4-4> Biosorption process at the high-rate activated sludge operation
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sto] ZAstdon WH #A 87 BIEKEY H=& COD ¢ 6,000 mg/ £, PH
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R g #ol = Art '

2. BEFR A 4= Start-up

EEBE X W SAA 4B BRES W ©A 2EME T3
Ceramic® 2 23 Fof glo] i K=ol FE3 #AEpl [HELS AR
2 3o 27 s wH #H 40RR AA B Wy ¥ KEILE A
721 4 3} (Table 4-2)> 9 <(Table 4-3>3} o] A= qrc}.

(Table 4-2>0] A PHE 7.20]A 7.622 MA3] KEEHA TCOD EI KF
o] MBY wat A W/Et 83% ZAE KA SSe 50% TS 63%,
VS 46%, MLSS 39%¢] BW/E Vel dch.

dJels Table 17.8 % BHEF AA A S Datadt 4 ER
9l © U} Start-up 40FFRI A3 #2 3 X 4 BRIl N TCOD 1372-1066 ( mg
/e )2 REA HASS & & Addrh

rr



<Table 4-2> Start-up condition of the activated sludge system

condition| TEMP PH TCOD Ss TS VS DO MLSS

time(hr) (ng/1) | (mg/1) | (%) (%) | (mg/1) | (ppm)
0 10.6 |7.2(6.7)| 2509 350 0.3 18.9 |[11.1(2.1) 25
5 7.8 |7.6(7.2) ~ ~ ~ ~ o |10.1(2.1)| 16
10 7.4 |7.6(7.2)| 2836 250 0.3 15.7 |10.1(2.1) 16
15 9.9(36)[7.4(7.1) ~ ~ ~ ~ 13.6(1.7) 15
20 21.3 |7.5(7.2); 2181 100 0.3 16.7 |11.1(1.7) 19
25 17.9 |[7.6(7.4)| 1527 325 0.3 13.8 | 0.9(0.2) 15
30 30.4 [7.8(7.5) ~ ~ ~ ~ 0.2(0.2) 15
35 28.5 |7.6(7.5)| 1066 550 0.3 13.1 | 1.2(0.4) 16
40 19.5 |8.4(8.0)( 1066 450 0.3 11 8.5(2,2) 16

effluent | 11.6 [7.2(6.8) 6109 300 0.8 20.4 [11.1(2.2) 26

<Table 4-3> Time cource of the TCOD vartition in devided

activated sludge section at start-up

condition TCOD Ss

time(hr) secA secB secC secD secA secB secC secD
0 6109 4364 3273 | 2509 900 400 450 350
10 4364 3491 2400 | 2836 250 350 300 350
20 2618 | 2400 | 2182 | 2618 100 400 200 100
30 2400 | 2291 2182 1527 900 850 850 500
40 1733 1678 | 2224 1066 | 900 900 650 550
50 1066 1066 | 2266 1066 600 550 450 450




condition TS VS

time(hr) secA secB secC secD secA secB secC secD
0 0.8 0.3 0.3 0.3 19.4 20.4 20.4 18.9
10 0.3 0.3 0.3 0.3 18.6 15.7 17.1 17.5
20 0.3 | 0.3 0.3 0.3 17.9 16.7 17.3 17.8
30 0.3 0.3 0.3 0.3 25.7 24.8 25.7 25
40 0.3 0.3 0.3 0.3 25 24.6 24.1 24.5
50 0.3 0.3 0.3 0.3 10.5 11.9 11.5 11

% Additon of 6109 TCOD anaerobic effluent

3. GUHEFER E8 ANAaYe #AEY B

FEER AlaxoA TCODY AAZol W EEM HéolA 837 HAS

o BE EES ¥ A3 (Table 4-4> W <Table 4-5>¢ o] A H orl.

<Table 4-4> Degradation of TCOD in continuous activated sludge system

condition| TEMP PH TCOD SS TS VS Do MLSS

time(hr) (mg/1) |(mg/1) ] (%) (%) (mg/1) | (ppm)
0 6.2(1.4)17.3(5.7)} 262 350 0.3 18.9 (11.1(2.1)| 25
5 18.4 |7.8(7.4) 87 450 0.2 25.5 |3.7(2.2) | 15
10 20.2 (7.5(6.8) ~ ~ ~ ~ 3.0(0.2) | 14
15 22.5 [1.1(0.2)| 1297 500 0.2 30.7 |1.1(0.2) | 18
20 18.1 8(7.7) 1081 400 0.2 24.6 | 7.1(1.8) | 18
25 19 8.4(8.0) ~ ~ ~ ~ 8.8(2.0) | 14
30 19.9 |8.1(7.5)| 222 350 0.1 | 19.5 [7.2(1.3) 13
35 22.1 |8.5(8.0)| 222 400 0.2 23 [7.9(2.0) | 13
40 21.2 18.6(8.1) ~ ~ ~ ~ 8.5(2.0) | 13

effluent | 21.6 (7.3(5.7)| 9599 350 0.1 51.9 |6.2(1.4)| 16

% Addition of 0.15% Biopack microbes




<Table 4-5> Time cource of the TCOD vartition in devided activated

sludge section at continuous system

condition TCOD Ss
time(hr) secA secB secC secD secA secB secC secD
0 1833 1397 371 262 400 450 550 500
10 1397 524 305 87 400 450 450 450
20 2811 3027 3027 1297 450 350 450 500
30 1081 2162 1730 1081 350 650 450 400
40 1318 1556 222 222 300 250 300 350
50 1556 1111 444 222 600 400 400 400
condition TS VS
time(hr) secA secB secC secD secA secB secC secD
0 0.1 0.2 0.2 0.2 36.7 29.9 22.1 22.5
10 0.2 0.2 0.2 0.2 21.5 24.9 26.7 25.5
20 0.2 0.2 0.2 0.2 30.2 29.5 33.7 30.7
30 0.2 0.2 0.2 0.2 36.7 25.7 27.4 24.6
40 0.2 0.1 0.2 0.1 20.9 16.7 20.2 19.5
50 0.2 0.2 0.2 0.2 A 31.2 19.9 23.7 23

% -Addition of 0.15% Biopack microbes

-Charge of 9599 TCOD anaerobic effluent

¢l ¢ <(Table 4-4>of A 15Bsf i@/t TCOD7} 1297 mg/ 4 B LEHYT A2
P o BE LRSS $I3te 0.15%2 Biopack microbes& #in 317 wl &
ol t}.

HE REAME 30 Refo] Z3tHEA TCOD 222 mg/ ¢ = REHA A e
¥ 2t}



22832 (Table 4-5>¢ & BB E M 0.15% Biopack microbes?] &
% 48R 27 & TCOD 3027~1297 mg/ £ & VeI 2L RRo] &
Bt BAHeos BE Ko LFEHO BRE AMY ZSdE 98%9
Bk && Rodrl

4. RE M Biopack microbes?] FEHFHIR HB Al A=

4o #HE ANadolM i 8718 RiE&el TCOD 2,644mg/ ¢ & R&

0.15% Biopack microbes?] %Hin ¢glol d& ¥ AL o] 1,28 BEBEY
& .t Ceramic mediao] 23] T}S (Table 4-6>%} o] REH Y},

<Table 4-6> Degradation of TCOD in continuous recycle activated system

condition TEMP PH TCOD SCoD DO MLSS

time(hr) T (mg/1) (mg/1) (mg/1) (ppm)
0 18.6 7.7(7.2) ~ ~ 7.2(0.2) 10
5 18.7 7.0(7.7) 2644 | 813 10.1(0.9) 10
10 15.8 8.0(7.8) 420 420 13.0(1.9) 6
15 14.1 8.2(7.8) ~ ~ 10.9(2.0) 10
20 12.2 8.4(7.9) 407 405 10.6(2.0) 9

effluent 18.6 7.7(7.2) 2644 2237 7.2(0.2) 10

% Non-addition of Biopack microbes

2]2] (Table 4-6)ofl A E 7] 2o #£MEEER 208fol 723l TCODY B*
RS 85%, COD 82%8] AHALELE Bdrl. o]lx <(Table 4-4>0] A 0.15%2]



Biopack microbes& #Hingt 7Z & TCOD | A& 98%o] H 3l w x| =yt
ZHHE nediad] RER FHE Aol RKEWLE TCODZ AAY ZAAE &

&4 At

5. FHHBR HE A 2Ave] Sludge &Hin
AR BRE F4317] 95l RIL HEEX BRAMLAES 21U AN A
2Pl o BEMAA Sludge ABE A3 # 10%2] &S Seed

2 Histo @3t e olu] Sludged| Hi#E2 <Table 4-7>8 Zo] EH2
=

<Table 4-7> Characteristics of pig waste sludge

TCOD | SCOD SS TS VS | NO,-N  NO3-N | NH-N |PO,-P
sample
(mg/1) | (mg/1) [(mg/1)| (%) | (%) |(mg/1) |(mg/1) | (mg/1) | (mg/1)
Waste soln | 33524 5278 | 21400 | 2.8 | 56.9 7.95 4.6 5 228
sludge soln| 25685 | 2612 | 24300 } 3.1 | 52.9 5.25 6.2 29 442
Effluent 707 652 210 1.2 | 23.1 | 4.5 3.83 4 59

% Source of The green center of nonsan livestock cooperatives

%18 <Table 4-7>2 #H{EAAN ¥ ARl BE&AA v&g:s BRE o
Bl 4 TCOD 33,524mg/ £ ©] 9 2 Sludge solution TCOD 25,685mg/ £ & &
BEold e HRT 35HE E@EIRE o &K wi&4= TCOD 707mg/ £ & U}
Ehuio] Sludge®] HEol & 2e ¥4 ddon BEM edo Ansii
A" FHRetx B4 oot

X ERA EAH Sludge solutiong Al &3l EBRA TAHL2UR



Seedingslel 5HMES M R EHE Z} (Table 4-8>3 2 HRE €4

T}

<Table 4-8> Degradation of TCOD in recycle activated system by added with

pig waste sludge through 5 days operation

condition| TEMP PH TCOD SCoD TS VS SS DO MLSS

time(day) (mg/1) | (mg/1) | % % |(mg/1)| (mg/1) | (ppm)
0 15.7 |8.0(6.8)| 1086 885 11.0(0.2) 11
%] 18.2 |8.4(7.9)| 6953. 2603 12.1(1.2) 10
2 19.9 18.4(8.0)| 890 445 11.3(1.3) 14
3 22.2 |8.5(8.1)| 498 498 0.5 |49.1| 920 | 8.8(1.8) 17
4 15.5 {8.4(8.1)| 652 326 0.2 131.7| 360 |14.8(2.1) 17
5 24.7 (8.7(7.8)| 439 273 0.1 {21.8 80 10.0(1.8) 18

effluent 12.6 |8.0(7.5)| 4328 3113 9.8(1.2) 15

# Addition of 10% pig waste sludge

9} 2] (Table 4-8>oflA] HRT 5H©] = TCOD 90%, SCOD 91%2] B*x BERL
Uetuidens FHBR RE/ REFSHA HASES &5 At
ofeld FEHEBR RE A A A= TCOD BEXR o 98%E UEIUE 0.15%
Biopack microbes ¥l HEE F/HSE PASNE HEoE BE KHES

BEH3taA o,
6. FUHETR BME A2A=Y Biopack microbes ¥ in
EUER B8 Ao COD AA HRE EFAII A 0.15%8] Biopack

microbes& —¥% AN & Sludged] REIMIL dolduwiztz]
3 Az} (Table 4-9>8} o] Hdom B4 Sludged] EBRI} A &

& 23
&

o
3



& 39S A Lol (Table 4-10>32 Zo] ¥ girt}.

<Table 4-9> Degradation of TCOD in recycle activated system by added with

0.15% Biopack microbes

condition | TEMP PH TCOD | SCOD | TS Vs SS Do MLSS

time(day) (mg/1) [(mg/1)| % % |(mg/1)| (mg/1) | (ppm)
0 17.4 |8.2(7.4)( 2,669 | 2,385 | 0.2 | 47.2 | 160 {10.3(0.9) 10
1 17.4 [8.2(7.4){ 1,221 | 1068 | 0.2 | 34.1 | 95 [10.4(0.9)] 10
2 17.4 (8.4(7.5)| 303 | 267 | 0.1 | 33.1 | 33.3 (10.4(1.1)| 10
3 17.4 |8.4(7.6)| 185 180 | 0.1 22 | 23.6 [11.9(1.1)] 9
4 16.9 (8.4(7.7)| 161 153 | 0.1 25 | 16.7 [11.7(1.1)
5 21.5 (8.4(7.9)] 118 117 | 0.1 | 27.4 | 11.7 [11,3(1.3)

<Table 4-10> Degradation of TCOD in continious recycle activated system

condition| TEMP PH TCOD | SCOD TS VS SS DO MLSS
time(day) (mg/1)|(mg/1) % % (mg/1)| (mgs/1) | (ppm)
0 19 7.5(6.5)| 4774 4607 0.2 49.9 87.5 [8.5(0.2) 0

1 17.5 8.0(7.4)| 147 | 118 | 0.1 | 42.9 | 114 [12.4(0.2)] o0
2 18.2 18.0(7.6) 97 92 0.1 26.3 30 8.8(0.2) 2
3 22.1 18.4(8.0)| 87 | 8 | 0.1 | 13.6 | 14 |8.5(0.6)] 4
4 19.3 8.37.7) 79 | 76 | o1 | 382 | 12 |12.300.6)] 3
5 17.1 8381 72 | 70 | o1 | 252 | 12 [12.400.6)] 5




3128 <Table 4-9>oll A TCODS BRE HEL 95.6%2 2 VLU BERX
o] ddee ¥4+ UddT KEH RMAANY Sludge &8 A& U2
(Table 4-10>0]4 2} ol HAKS TCOD HE7F 4774mg/ £ 9] &S HEU
= F#st TCOD 72mg/ ¢ B 98.5%8] BE HEE Urtiden = sse
A AL (Table 4-9>0 A 93%, (Table 4-10D>0 A 86%2] BEXE HolHdAN £4%&
SS 11.7mg/ £ X 12mg/ ¢ 2 E£MEcrt oYY KRE FRE RERS &
EREYN o] MKk HBozsx AHsted oo A& A2 4
Wis ook uwhetd 4y @A FH ¥ S airation} Sludge TR Al
g H3tA HE BHE At €& o 4+ Adrh

o

==

Il FRE FEFREY ERRE

BHoU R il HEEY RFEM i vz EHS 37 $dlq B
BolA = 4 airation ¥ Sludge ER H#HS FY3A si8M d& UHF
of 2] coD Bk HRELE FMY A3} (Table 4-11>3 Zo] UERT}.

<Table 4-11> Degradation of TCOD in nonpacked at continious recycle

activated system

condition| TEMP PH TCOD | SCOD TS VS SS DO MLSS
time(day) (mg/1)|(mg/1) % % (mg/1)| (mg/1) | (ppm)

0 21.2 7.1 3741 | 3656 0.4 78.3 | 226.7 |5.5(0.9) 8

1 21.2 |7.8(6.9)| 602 442 0.2 52.8 160 |5.5(0.9) 8

2 20.8 18.2(7.6)] 396 271 0.1 35.5 93.3 [11.4(1.7) 4

3 19 |8.4(2.7)] 215 183 0.1 38.3 | 53.3 [12.1(1.8)| 7

4 20.4 (8.4(7.1)| 189 126 0.1 32.1 50 |12.4(1.6)| 4

5 22.1 18.4(7.0)| 142 | 108 0.1 35.4 30 |12.4(0.7) 5 J




£l 9] <Table 4-11>0 A TCOD BRER LS 96.2%% WWS FEsIx U= VA
g3 R RE FAc K@ 33 FA Y (Table 4-10>0] vz st 2. 3%
WA AMA EE&ol uetuth oA g BHEY BHE Azl oo MAXK
TCODZ7} # 80mg/ ¢ o # 180mg/ ¢ B = ERE KWK 7712 AHegol
ol BERE BA 27 A detAok 7] wfEo] TCOD A A HREo
A Hot FE 382 AHeled $E(m/0)7 S HER Ho}.

J2la FHEFEMRC HA M 9 kBERY nAE ER g
TCOD, SCOD W SS& AA HEE ¥ 4t BH t}d <(Fig 4-55, <Fig
4-6> W (Fig 4-7>32 2},
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[Fig 4-5] Comparision of TCOD reduction for media and blank aerobic digestion.
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$18] <Fig 4-5>ol 4 TCODY| Bx&k B E L Media FI REHS n 3 UE
1ol A 49%0] BRER £RJ g or (Fig 4-6>0lA SCODE 35%, (Fig 4-7)
ol M SSt 60% BRER ZRE HAch ol AA EE& Aol:s FEFBR
fERol o Media EHo] nBEo] $8 WESHA =Ho HEUBHE niE
527 &7 W&o A Zgol A=A 4B ol S Ag:
3k REAAN 73l BERE AFdA &3& &Mk ¥+ Aes FEAY &K
WK 71 &0 #3te W& MelE BHIA 5 A= KRRl orh. welA
A& MediaZ aerationili Aol FER FUsIA &% AHelstes BF A
A28 BESIE AL KBREY &oldS HHYS oo mlf FLodich 2
HE2 A HRBolAME Media £ wrg oA TCOD 72mg/ £, SCOD 70mg/ ¢,
TS 0.1%, VS 25.2%, SS 12mg/ £ & $HMAKE &4 oo MEY AAE EA

= olch.

8. IFHK ¥ MBIk Material Balance

7}. ®'EB Balance

Solution 100T/d

TCOD 80 mg/! P High-rate

SCOD 76 mg/! treatment
Solution 100T/d SS 12 mg/f
TCOD 1,890 mg/¢
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SS 540 mg/¢
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Sludge recycle

-100—
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thE 203 del MIEAS Scale WA WEolA ool o] & FA s 9
) Bit HES ARIAU EE WOS Scale KH Y HAS o F Hos
¢ W HEE AL SAE BT

B s B4 22 4 B4s2AE AR BRR FEoz AAstAY,
BAWOS WE HBE ALHAY BT}

2) Fote HRE

Fotsh BBELS BA LT ALodA BB AL wiolth ol: &
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g gast odrl,
ca Vel KB BHE AP F3E HH BRI L B o EXE
#£% YU EE B2 vl <(Table 5-1> W (Table 5-2>¢8} |,

<Table 5-1> Regulations of effluent in environmental rule

et ags 19 Esoi &2 2 .000m 0| 4} 19 5 sl &S 2,000m 0 OF
E gEariis] sty [waeagjdesny] suy ewede
M2PY/eRPY treiglusery '
g (/) | (oa/) | (oo/t) | (ma/8) | (oa/t) | (mse)
SIE(75) 1 52 HEe +UE
3 [zHsioor Bokn oM sl ool 30015t | 4colst | 3oolst | 4colst | soolst | acolst

X g S0l FEE CIXE XNH2EM
sIHSETI0] W0l DAjEE XY
7t (#@TIs(=ER)NIES ¥ £EE
X |2 Xstoiof stk AT stE £99 600} &t 700! 5t 300! 3t 800[&t 90013t 800| 3}
o ST FYSoXE AHREN

B EPO| FE0] DAISIE XY
L [#@AEEEAN, IV, VES FE $3
x| |8 2xstojol Bt Y 3tE +H 9 800} &t 900| 8t 300i8t | 120013 | 1300|8t | 1200/}
o (ST R oIXE AH2EN

1 P RPI0| 380l DAISHE XY

£ |gtzRrzaol ICHTEUHRATHSR
a  |RIEste X F AIY2HIH ALY 30013t 400!8t 3001 5t 300| 3t 40018} 30018t
x| pgol 2 HEB Hgxe ol
o feolsto XHYEtE EFEHX

<Table 5-2> Regulations of chemical pollution

S wappea] B Al A got] 2| s ||| EB|P|a|lu|le|a|lsl=ju]s
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|| r|le|8ly|log|(e|s]| ezl ala]e
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714 A HH=EE Wi E BR SEE A BRACSE 2r A3
At el

@ BEAEE ANAdidMEe dutzd oz i3 e uNgo] BE KMo
Uetdch, & A3 BEMFER L Bk SEER 0 BRUAEFERY AAA
Mechanism 8 T4 EHAHA thg3} Zo] REYUTIZ & st}

Anode : 4Fe = 4Fe% + 8¢’
4Fe® + 10H,0 + 0, = 4Fe(OH); + 8H’

Cathod : 8H" + 8e = 4H;

B7l REAAN £4Y BRAUA FFo 3 BEAN:E BT F8Y
of EfTF BHHRHE LHE ol {IEF —F SSESP 2 Fe(0H)s o 23}
B == BAEY KK Y3 BE SEAct ol ¥ AFolA RE , COD
AA 2L sso Ez27t doldria £t KR A& BEEKS Al , Cu,
Fe , SUS o HES A& stdeon BRIE ALE2 vt <Fig 5-DD3 2
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[Fig 5-11 Schematic diagram of continuous electrolysis system

2. NaCl 4 BEH Hm BRAT>HE

271 BBolAd = NaCl ¥ ShinflocE 0.2% U 0.1%&FE Msto] PHE BEHE B
L M Y PH7.59 AN EE &3 HFMBEAM NaClE HEA £33}
o KB 20ColAN CuBELZ M IEM 120/p, 10 Volt, 13 Amp®] ZA ST
547 Melsto 18y B8 RRME tl& (Table 5-3>2 Zol EME4
=

(Table 5-3)0lA HEEES Anaerobic effluent ¢l Z-$ TCODY BrERL
63%, SCOD 40%, SS 93%, NO2-N 90%, NHs-N 97%, P04-P 100%8] #£RE ¥€9doen
#3 SS % N, PY HAELZ WRSIACE. Jzx EREQY Fish farm
effluentE& HABF TCODS| | A &2 68%, SCOD 66%, NO.-N 88%%] BEx BERE

et g Tt
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<Table 5-3> Effect of TCOD removal for treatment of electrolytic cell

TCOD | SCOD | SS | NO2-N | NHq¢-N | PO4~P
T+ 2 | pH | (mg/ | (mg/ | (mg/ | (mg/ |(mg/ L | (mg/ L A
£) £) ) ) ) 2)
Anaerobic( X
2) 7.5{1330 | 832 | 460 |0.52(0.32 |32.5
Anaerobic .
8.4 986 | 810 | 120 |0.114| 0.01 {1.00 Electrolysis
effluent .
A bic( X Electrolysi
naerobic(X 1 o 4| 697 | 506 | 33 |0.056| 0.01 |0.02|  "lectrolysis
2) dilution Shinfloc 0. 1%
Fish f
s tart g 7160 | 137 [10.0] - |o0.01 |2.50
effluent
NaCl 0, 2%
” 9.2 | 51 47 | 4.0 - 10.01(0.30 Electrolysis (4.89)
Shinfloc
NaCl 0, 2%
" 8.5 54 48 | 6.0 - 0.01 | 0.39 | Electrolysis (4.89) A%
Sludge
NaCl 0.2%
g 8.2 | 54 50 | 5.0 - 0.01 {0.50 .
Electrolysis (4.89)

BROBEA NaClEARE 1S3 2 wtgo] dojdrt.
Anode : 2C1° — Cl, + 2e
Cathod : 2Na + H.0 + 2e” = 2NaOH + Hpt

NaCl + H,0 + 2¢" = NaOCl + H:1

ERKE NaOClZ Na' + 0Cl” & A A"z BEFPolA &olstA F&HS

ol FA Hrct.
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0Cl™ + H0 = HOCI

Henderson-Hcesselbalch A ofu}e} HOCIZ} OCl & % & PHE J|EH Y4 o

A ",

PH= Pk,,+Log—L[~g—(C)’C—;]l(Pka=7.53)

ety BE REAME 2C1 = Cl; + 22§ UElo] B@% o2 A
gl o C17} %3 3hcy.

40H — 0; + 2H,0 + 4e

a3 BEoH M¥Ke HEEC AN S HEE BEAM A4
I NaOH2} ®tg3lo] RTWERBS AAHsA HEZ ol BHY Miehez
W42y 97 % R4S S|/ RESA L},

3. BR 7% HW Ke 8BH

7t #RE RE MK PH AH

A7 Lol glo] B HWE PH Q@ Shinfloc FMES =317 &5ty
PHE 4, 5, 6, 7, 8 98 &% =AY HM sShinflocE 100, 150, 200,
250, 300, 350mg/ ¢ 2 £/ ZEY HABE SoM BRLEY A o
(Table 5-4> W <Table 5-5>%} o] g}
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<Table 5-4> Characleristics of the variation of pH for anaerobic effluent

condition{ TCOD SCOD SS TS VS NH4-N PQ4-P
pH (mg/ £) | (mg/2) | (mg/£) (%) (%) (mg/ €) | (mg/ )
4 1,725 1,338 15.0 0.161 50.12 0.04 13
5 1,690 1,338 15.0 0.158 53.93 0.04 13
6 1,654 1,373 15.0 0.137 58.00 0.04 13
7 1,654 1,373 15.0 0.140 56. 49 0.04 14
8 1,725 1,373 15,0 0.144 57.02 0.04 13
9 1,725 1,338 15.0 0.141 63.51 0.04 13

<Table 5-5> Characteristics of the variation of Shinfloc quantity for anaerobic

effluent
condition
TCOD ScoD SS TS VS NH¢-N PO4-P
Shinfloc
(mg/ L) | (mg/2) | (mg/ 8) (%) (%) (mg/ 2) | (mg/2)
(mg/ 2)
100 1,020 1,020 18.8 0.170 52.30 0.02 7.2
150 1,020 1,020 18.7 0.165 52.91 0.02 7.2
200 985 985 16.7 0.164 54,24 0.02 7.0
250 950 950 16.0 0.165 55. 62 0.01 5.6
300 915 915 16.0 0.137 57.20 0.01 4.6
350 915 915 15.3 0.127 58. 38 0.01 3.6
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$1 8] (Table 5-4>ol A PH 69 oAl TCODY A ALz TS A AEo] &
e Ao ¥ Hol WY KHELS PH 622 slo HE EWIE sdon
ShinflocEnEol U HE 300 mg/ £ oA TCOD , SS I TS A Ago|

A YEetstct.

U}, PH B{LBE Fe , Al 4 SUS BEBIRY &

BRHEY 23S BRRE 25.7C, BMER 120/o, 10Volt, 5Amp 2 it}
< PH B4EE 4, 5 6, 7, 8 9% BLAJIEAN 55 AT ER o
(Table 5-6>, <Table 5-7> W <(Table 5-8>3} Z2 AAE L4r}.

<Table 5-6> Effect of TCOD removal for electrolysis in Fe cell at pH variation

condition TCOD SCoD SS NH4-N PO4-P | Absorbance

o) ) | (e ) | e ) | (e t) | (ert) | (o)

4 4.38 1,302 1,302 21.0 0.00 0.49 0.025

5 5.25 1,302 1,302 28.0 0.00 1.50 - 0.045

6 6.53 1,196 1,196 59.0 0.00 0.50 0.115

7 7.90 1,196 1,196 61.0 0.00 0.70 0.075

8 8.30 1,091 1,091 39.0 0.00 0.50 0. 055

9 9.03 1,056 1,056 61.0 0.00 0.70 0. 050
effluent | 7.00 1,196 1,136 66.0 0.12 6.00 0.110

% Temp : 25.7C, cell distance : 12w/m, 10 Volt, 5 Amp

—112—



<Table 5-7> Effect of TCOD removai for electrolysis in Al cell at pH

variation

condition TCOD SCoD sS NH,-N POs-P | Absorbance

o | " ) | e | awe) | e2) | (e 2) | ()

4 4.12 1,196 1,196 30.0 0.00 7.50 0.060

5 5.19 1,126 1,126 11.0 0.00 3.00 0. 000

6 6.36 1,126 1,126 6.0 0.00 0.00 0.000

7 7.52 1,126 1,126 36.0 0.00 0.00 0.030

8 8.43 1,126 1,126 33.0 0.00 0.00 0.040

9 9.00 1,162 1,162 32.0 0.00 6.50 0.040
effluent | 7.00 1,196 1,196 66.0 0.12 6.00 0.110

¥ Temp @ 25.7C, cell distance : 12m/m, 10 Volt, 5 Amp

<Table 5-8> Effect of TCOD removal for electrolysis in Sus cell at pH

variation

condition TCOD SCOD SS NH¢-N PO4-P | Absorbance

ol P grt) | (e 2) | (owre) | (mer2) | (mere) | (om)

4 4.07 1,162 1,162 41.0 0.02 10.00 0.115

5 5.16 1,126 1,126 46.0 0.02 16.50 0.105

6 6.15 1,021 1,021 122.0 0.03 12.50 0.105

7 7.26 985 985 105.0 0.03 7.00 0.112

8 8.18 1,126 1,126 66.0 0.04 12.50 0.110

9 8.93 1,162 1,162 89.0 0.03 10.00 0.110
effluent 7.00 1,196 1,196 66.0 0.12 6.00 0.110

¥ Temp : 25.7C. cell distance : 12m/m, 10 Volt, 5 Amp
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$18] (Table 5-6>2] Fe CellQl 7 $ PH6S ol A NH,-N T PO,-PO Bk
ot #AEI ddoey 2 stole #Eol gldct. @ (Table 5-7>9 Al
Cellel Z Lol PH 69 fE#HolA SS 99%, NH,-N 100%, PO-P 100%, &
(Absorbance 550nm) 100%8] A|AE&E uYetvio] €%, #, &#E AAdAHE
mEYLY A2ng 24t

] (Table 5-8>%] SUS Cell oA otfd #EC e 2LE 45

At

tl. Shinfloc B LA Al % SUS BRIKS BE

(Table 5-6>0fl4] PH E{kol th¥ Fe Cell2l BE KoM A4 A A
Absorbance(550m)o A 0.115& UEllo] REXKS 0.1108TH 2 HEE B
%282 Shinfloc 3 AEAME= Al ¥ SUS BERK cfgt B S 24
3712 dden BHEEY XS PH6 BREEK 25.7C, BMERE 12v/o,
10 Volt, 5 AmpE 3¢l 2w Shinfloc FiNES 1000g/ £, 150mg/ ¢, 200mg/
2, 250mg/ 2, 300mg/ 2, 350mg/ ¢ 8 BWAEAIIHA 55 BEY AN o
(Table 5-9> W <Table 5-10>2 2 KRS drh.

<{Table 5-9>0}l 4| Shinfloc 250mg/ £ ¥ EF Al CellolA] SUS Celloll M &k 3}
o MAZZO ¥ UERon olm Al Cell® SS 83% TS 43%, VS 24,
NH-N  100%, PO4-P 100%, Absorbance (550m) 96%2] Bk RS LIE}L o]
PH 62) &9 =z Shinfloc 250mg/ { FEINEF Al BEHKIANY ANe A7}

REYES ¥ &£ Ao
2l. NaCl BB by Al 2 SUS BEIRY B

NaCl®] BREE 50mg/ ¢, 100mg/ ¢, 200mg/ ¢, 300mg/ ¢, 400mg/ £, 500mg/
L2 BAHA BHEYE 22 PHE, &% 25.7C, BHER 120/n, 10 Volt,

—114-



<Table 5-9> Effect of TCOD removal for electrolysis in Al cell at Shinfloc

variation
condition
Shinfl H TcoD 5§ s f VS NH¢-N | PO-P | Absorbance
infloc pl
(mg/ £) [(mg/ 2)| (%) (%) [(mg/2)|(mg/e) (nm)
(mg/ £)

100 6.19 1,594 0.148 | 14.87 0.00 0.04 0.010

150 6.20 1,536 0.154 | 16.04 0.00 0.04 0.010

8
8
200 6.19 | 1,517 8 0.162 | 19.22 0.00 0.02 0.010
8
9

250 | 6.21 1,517 0.158 | 19.01 0.00 0.01 0.010
300 6.27 1,536 0.168 | 24.00 0.00 0.01 0.010
350 6.31 1,555 10 0.179 | 29.38 0.00 0.01 0.010
effluent | 6,14 1,766 46 0.278 | 24.88 0.05 1.63 0.240

% pH : 6, Temp : 25.7C, cell distance : 12m/m, 10 Volt, 5 Amp

<Table 5-10> Effect of TCOD removal for electrolysis in Sus cell at Shinfioc

variation
condition
Shinfl H TCOD 5S TS & NH4-N P0O4-P | Absorbance
infloc
P (mg/‘e) (mg/z) (%) (%) (mg/z) (mg/z) (nm)
(mg/ £)
100 6.25 1,632 44 0.182 34.01 0.01 1.00 0.125

150 6.29 1,651 31 0.179 | 28.93 0.01 0.72 0.080
200 6.34 1,613 19 0.175 | 28.52 0.01 0.54 0.050

250 6.38 | 1,594 12 0.174 | 28.14 0.01 0.42 0.035

300 6.45 1,613 13 0.169 | 27.95 0.01 0.23 0.035
350 6.46 1,613 13 0.168 | 27.82 0.01 0.09 0.035
effluent | 6.14 1,766 46 0.278 | 24.88 0.05 1.63 0.240

w pH © 6, Temp : 25.7C, cell distance : 12m/m, 10 Volt, 5 Amp
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5 AmpollA] S54R] A ENY HHE Al Cell W SUS CellofA t}& <(Table
5-11> 9 <Table 5-12>2} 2 AU E L},

{Table 5-11> Effect of TCOD removal for electrolysis in Al cell at

NaCl variation

condition
TCOD SS TS VS NH4-N POs-P | Absorbance

NaCl pH

(mg/ £) {(mg/ 2)) (%) (%) |(mg/ L) |(mg/2) {(nm)
(mg/ £ )

50 6.10 1,709 13 0.215 46.09 0.00 0.01 0.015
100 6.26 1,690 11 0.221 40.91 0.00 0.01 0.015
200 6.17 1,690 11 0.230 38.54 0.00 0.01 0.015
300 6.15 1,690 12 0.233 36.27 0.00 0.01 0.015
400 6.14 1,651 12 0.241 36.02 0.00 0.01 0.015
500 6.15 1,709 12 0.249 34.60 0.00 0.01 0.015
effluent | 6.14 1,766 46 0.278 24.88 0.05 1.63 0.240

¥ pH : 6, Temp : 25.7C, cell distance : 12m/m, 10 Volt, 5 Amp

<Table 5-12> Effect of TCOD removal for electrolysis in Sus cell at NaCl

variation
condition
TCOD SS TS VS NH4-N PO4-P Absorbance
NaCl pH
(mg/ £) |(mg/ 2)| (%) (%) |(mg/2)|(mg/2) (nm)
(mg/ £ )

50 5.87 1,728 62 0.211 27.64 0.05 6.00 0.230
100 5.86 1,690 62 0.215 27.52 0.04 6.25 0. 260
200 5.85 1,651 63 0.299 | 27.01 0.04 6.25 0.260
300 5.85 1,651 63 0.234 26.52 0.04 6.25 0.270
400 5.84 1,651 71 0.241 25.82 0.04 6.25 0. 280
500 5.87 1,709 87 0.267 | 25.09 0.05 6.25 0.295

effluent | 6.14 1,766 46 0.278 24.88 0.05 1.63 0.240

% pH : 6, Temp : 25.7C, «cell distance : 12m/m, 10 Volt, 5 Amp
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912 (Table 5-11> W <(Table 5-12>ofl A 200mg/ ¢ & NaCl& #Hsdte BH
& o Al Cell?] Z$ SUS Celle]l sl AHel&rst & o= 44
gt} SUS Celle] A% BE HE YA 2L Al Cellof A& SS 76%, NH¢-N
100%, PO4-P 100%, Absorbance (550mm) 94%2] BR%X HE S Leluidrct. miel
A NaCl & BHERc= PHA6°1]1~1 200mg/ ¢ NaCl H7IA7l &#E HK&EUS ¢

+ aalrcth.

o}, WP B{LBF Shinfloc I NaCle] Al BERS &

Al BEHRS AL gt BMME 27& PH 6, BE 25.7C, BHER 120/,
10 Volt, 5 Ampoll A Shinfloc 250mg/ ¢ X NaCl 200mg/ £ & Z}7] #A3ste &
BB 5, 10, 15,20, 25, 30 o2 B LA 71 H A Batch BEBS ¥ HR

(Table 5-13> @ (Table 5-14>%} Z+e& ZA}E LA},

<Table 5-13> Time cource of TCOD removal for electrolysis in Al cell from

treated by shinfloc

condition

T " TCOD SS TS VS NH4-N POs-P | Absorbance
ime p
. (mg/ £) |(mg/ £)| (%) (%) (mg/ £) | (mg/ £) (nm)
(min)

5 6.45 1728 19 0.154 21.22 0.00 0.00 0.010

10 6.74 1728 15 0.149 | 23.91 0.00 0.00 0.005

15 7.10 1728 14 0.150 | 22.34 0.00 0.00 0.000
20 7.93 1709 13 0.148 | 21.10 0.00 0.00 0.000

25 8.15 1709 13 0.149 | 21.83 0.00 0.00 .0. 000

30 8.54 1709 12 0.150 | 22.14 0.00 0.00 0.000

effluent | 6.00 1882 54 0.251 | 28.19 0.02 15.50 0.290

% pH : 6, Shinfloc : 250mg/ £, Temp : 25.7C, cell distance : 12m/m, 10 Volt, 5 Amp

—-117—



<Table 5-14> Time cource of TCOD removal for electrolysis in Al cell from

treated by NaCl

conditio
n q TCOD SS TS VS NHs-N POs-P | Absorbance
p
Time (mg/ £) |(mg/ £)| (%) (%) |(mg/2¢)|(mg/2) (nm)
{min) '
5 6.97 1785 14 0.172 | 32.82 0.00 0.00 0.015

10 7.91 1785 | 13 0.162 | 33.12 0.00 0.00 0.005

15 8.40 1785 13 0.160 | 33.54 0.00 0.00 0.000

20 8.62 1766 14 0.162 | 33.46 0.00 0.00 0.000

25 8.76 1766 14 0.161 | 34.07 0.00 0.00 0.000

30 8.89 1766 14 0.160 | 32.94 0.00 0.00 0.000

effluent| 6.00 1882 54 0.251 | 28.19 0.02 15.50 0.290

% pH : 6, NaCl : 200mg/ £, Temp : 25.7C, cell distance : 12w/m, 10 Volt, 5 Amp

2] 8] (Table 5-13> W <(Table 5-14>0llA BWHMERFR 204 ] Z 33l BRE
R7} 13 REMLE dojutas ¢4 4.

BY =R AL Shibflocdl ZH$ PH 604 PH 7.5328 KRESA LFE
o1} NaClgl Z 9= PH 8.628 &2 U7t ESE uerdct. ol & NaCly
BMo] 23 NaOHO] #BmM=E & 4 grt. 22z RE HEHEAAM = Al Cell
9l A9 SS 76%, TS 41%, VS 25%, NHe-N 100%, PO4-P 100%, Absorbance (550
m) 100%8] BERS €24 9grt. 18 EE2 Shinfloc 250mg/ ¢ FHWinks
2043 R A3 wr&A] NHe-N, POs-P, fJf(Absorbance) BREo] SlolME HYY
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A7 UAEE ¢+ A

olrct.

vl Al Celld] E# BF A28 REHAR

HE BE A

A El O

—_ a -

1B B ol A 4B B 2] BatchE 54 UZF o2 BTEA HHE

& MR PH 7.73, BE 26.3C, BHEER 120/p, 10 Volt, 17.5 Ampoll A
BE EHEY A3} (Table 5-1503 L HRE < Art.

<Table 5-15> Effect of TCOD removal for electrolysis in Al cell from
anaerobic effluent at continuous system
Batch
TCOD SS TS VS NH4-N PO4-P | Absorbance
(5min/unit{| pH
) (mg/ 2) [(mg/ &)| (%) (%) |(mg/2) |(mg/€) (nm)

First 7.98 1,690 13 0.187 | 56.42 0.00 0.80 0.045

Second 8.16 1,654 12 0.179 | 62.24 0.00 0.35 0.035

Third 8.40 1,654 11 0.163 | 43.11 0.00 0.03 0.020

Fourth 8.43 1,620 11 0.176 | 52,22 0.00 0.02 0.020
Effluent [| 7.78 1,740 43 0.149 | 44.95 0.02 17.25 0. 320

% pH : 7.78, Temp : 26.3C, cell distance : 12w/m, 10 Volt, 17.5 Amp

912] <Table 5-15>0f A4 HE HR2 I3 KB LY BEHE AANT

g5t Al

p-3
=
A
T

SEXEE

oot AYZe ER#ES
Ael Alzto] 154 BBY A FolA F2 ANe ZAs detvda
At & 3Bk EHEMAM PH 7.78
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74%, NH-N 100%,
AHAHE A& F2
4. 22 RE ER

7. LERE

(3]

BRE 2& = A

PO4-P 100%, Absorbance (550nm) 94%2] Bx HELS LIep)
doemg AHe e ddeU BE BE HEY J4EE AA

APLIE -

AL ez 2t}

KEE HBFAAM 2F2 o] &2 EKRE ool TK, #RX % I8 BmX
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=
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(03)eo] AUz 3l
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[ Fig 5-2 ] Actual utilization of Ozone
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. 0.604(1 4 #273)
C="T+003 *Y

C: 2o o0& % {mg/ 0 ,( X10° kg/nd )}
t: & (C)

Y: AAZe 2255 {mg/2 ,( X107 kg/nt )}

Z ki@ 20C Eoll 20mg/ ¢ ( 20x107° kg/m ) & 7tAE BAAIR F
BRMol i Kb 2 BEL 5.7mg/ 0 ( 5.7x107° kg/m ) B Eo|T},
22 Mt RES 22 #Fo g3 EE REX 2&° K+ 4#7t 7ts
¥ B BE(Free Radical) HO® of 2|3 RMi# KHEol AUrt. Fi= REESY
BMIRTEM (ORP)E 2 A =¥ thd <Fig 5-3>¢ Zrh.

Atd gl 25T Volt dste|d &9, 25T Volt
F2 +2¢ — 2F 2.87 HO + € — OH 2.02
HO +H +e — H0 2.85 |03+ H0+2e  — 02+20H 1.24
03 +2H'+ 2¢° — 0;+HO 2.07 [C10+ H:0+2e — C1+20H 0.89
H0; +2H + 2e'— 2H0 1.77 [HO7 + H0 +2e” — 30H 0.88
MnOy + 4H' +3e —Mn0; + 2H,0 1.69 |MnOs* + 2H;0+2e —Mn0z + 40H 0.60
2HC10+2H +2¢” — Cly+2H0 1.63 |02+ 2H0 + 4e” — 40H’ 0. 40
HO, + H+ e — H 1.50
0; + 4H' + 4e” — 2H0 1.23

[Fig 5-3] Potential of Oxidation and Reduction
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th. £ & BE HE

0F BE FEd:s B4 UAY , BHEE O XLELEE L BAK I
BatiE BEES o gwrdoz de o/ &HI e RS 7 ¥HH
o2 t}g (Fig 5->% ¢S BERBE 3t olrh

EB KRBELS U HEE 2old R e Aty 59 FAAE 7
8 Yol HENA (A4 Y{HIIA)E BE Alolo] TEESF 6~18kve I F
(AC) BEES A7t NI & J7l2E BREANI = HEolt.

o]o] FEE o] &3lo] WIEH Ozonizer: THE AR 13} Lt}

gh, K H Bk Ozone RE

geskol thyl Ozonel@E KW WHI MY S WS PH 8.08 BE 21.2T
o] w4 E 240volt, 0.85 AmpolA 5, 10, 20, 30, 40, 504 N Ho =T @3}
o Y A3  Table 5-16 >& TS KR E Adrl.

(2B RN

[Fig 5-4] Principle of Ozonizer for the electric discharge
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<Table 5-16> Effect of TCOD removal at ozonization by electrolysis of

anaerobic effluent

condition
TCOD SS TS VS NH4-N P04-P | Absorbance
Time pH
. (mg/ 2) |(mg/ 2)| (%) (%) |(mg/2)|(mg/2) (nm)
{min)
5 8.12 1,114 26.0 0.237 | 74.69 0.00 0.01 0.045
10 8.17 1,094 26.0 | 0.221 | 73.61 0.00 0.01 0.045
20 8.27 1,094 24.0 0.191 73.83 0.00 0.01 0.045
30 8.28 1,094 24.0 0.196 | 73.06 0.00 0.01 0.045
40 8.28 1,094 25.0 0.195 | 62.72 0.00 0.01 0.045
50 8.30 1,094 25.0 0.190 | 68.13 0.00 0.01 0. 045
effluent .08 | 1,401 29.0 0.242 | 73.98 0.01 0.01 0.050
% pH : 8,08, Temp : 21.2TC, cell distance : 12m/m, 240 Volt, (.85 Amp
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212] <(Table 5-16Y0lA L Z2BE KM& 204 & 314w TCOD 22%, SS
17%, TS 21%8] BREx #EE €& + Adden BEAAMLE 10%2 Absorbance
(550m )& HRE EJLB=2 TCODY AAdE E}7 Adey 2 Hee
BR S|l wasted & 7oz Yetuct.

X BERAM ALY BE KKES TCOD 1,401 ng/ £ 8] BBRES AH&3t497)
Eeol HREN Yria ER sHol B2 Aoz BEI: HEREKY
TCOD 100mg/ £ o} 3td Zfole HE & R22 7zt o] ERE K#

ol 4 A ¥t ¥},
5. &4 kK] AC % Sand Filter BE

HMEREA 9o AC W Sand Filter A2l BR BEZ A Ozonel@E L#
of Helste A2 S HBAstE ol —fMolt. eyt HM A2 3
4otx] RE el M RE #HE oYy FE: ERES HAKRER Zz}
§ &g+ A BEHI HI dEd x HERAME €714 v+ BRE
BEKQ TCOD 1,094mg/ £ 2] B E 2183l AC W Sand Filters TBA I =

B I KR (Table 5-17>2} & AANE Ldrh.

<Table 5-17> Effect of TCOD removal at A.C and Sand filter for treated to

Al cell of anaerobic effluent

o TCOD SS TS VS NH;-N PO4-P | Absorbance
condition pH
(mg/ 2) |(mg/ )| (%) (%) |(mg/2) |(mg/ ) (nm)
One pass | 8.29 | 614 32.0 | 0.118 | 66.42 | 0.01 0.38 0.040

1hr Recyclej 8.28 557 30.0 [ 0.152 { 58.02 | 0.01 0.18 0.040
effluent § 8.30 | 1,094 25.0 | 0.190 | 68.13 | 0.01 0.01 0.045
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32

9] 8] (Table 5-17polA] TCOD 49%, TS 20%, VS 15%2] K&k BEL EA I
oo ol TCOD A AN Aol Ozone REB Hrl £+ KRS <4

22 BERE Ak TCOD 100 mg/ Lo]3ldd F ol 2 RE #XRE ¢

& Aoz 7lvfst alrt.
230 MR - R RIS B E

BRE RE Wads Foe S8HE R71E0 8 €465 o HE B
B oA Hft MAE AAS ¢ MEEI 4Holrt. HRAYE RER
& BHE IE ANesle YHdoE EHE BR SME A BEE B/E, Nacl ¥
SAAY Hmm AL, B8 AMel Hrfgel PH Bl Ay BR H#
<A Az, Fe, Al ¥ SuS BERl ¥ A7/ SHA 2, Al Cell o H#
M OER A ANz, WEE K LEXND, WEE ke AC Y Sand
FilterRE 5 8% HE Hg stdoy 1D HA Egos BRF7L
olem olE ZT I HdAHEe BE FRAE RE Yo =dsHolo dx
LT REY SB AT AR RSES AA S Beles 2719 BE
RE #HREE A4 Ui A8ZA3 £45dr).

1. fFRE BSdf BROME BE A3 A2

X BEBOAMS 3714 KB HHAKe ##eol PH 8.4, TCOD lil8mg/ &, SCOD
117mg/ £, TS 0.1%, VS 23.4%, SS 11.7mg/ £ Q1 AME A &3 BE 17T,
A1 Cell distance 12m/m, 10 Volt, 5 Amp #E# TolAd A7 BT cid
Shinfloc 0.3% REEME A3t WL HEBY % 0.1m RO Filtration ¥ 2
3} T} <Table 5-18>% Zo| = dth.
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<Table 5-18> Effect of TCOD removal through treat to electrolysis,

coagulation and R/O filtration for recycle activated effluent

Condition| PH TCOD scob TS VS SS
(hr) (mg/1) | (mg/1) % % (mg/1) A
0.5 8.5 78 70 16,7 | 0.1 25.8
Electrolysis 1 8.8 61 56 10 0.1 23.3
2 9 57 53 2.5 0.1 31.9
0.5 7.6 64 62 30 0.2 13.1
Coagulation 5 7.3 62 62 30.3 0.2 14.5
15 7.3 66 66 23.3 | 0.2 17.6
24 7.3 62 62 26.7 0.2 17.3
0.5 7.6 59 55 4,6 0.2 16
filfr/:tion 1 7.7 55 55 1.7 0.2 22.1
2 8 55 43 1.5 0.2 15.7
effluent 8.4 118 117 0.1 23.4 11.7

912l (Table 5-18>04 TCOD BERE A7 28 AelojA 52% AlA H
oL #4E ME W R/0 Filtration BEJAAE XJE A ZEldrct.

22 TS W SSE M RE AgolA Binstgdctst thA] R/0 Filtration
o g BASEoU RAYOSE MME R, VS SRS A7 2 A
ol H 100% HAY ROE UE RODE ok HME Aol A7 2
g AMd B2 BREx H £ U2E ¢ + AL
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2. B HMBH S Ozonization @ AC-Sand filtration RE

FRE RE f+&£4& BR 2% AHel, @£ Ae, R/0 filtration X2 ¥
T} A] Ozonization 2} AC-Sand filtration& 3t oo ojuf FHI HABY =2
A& PH 8.5, TS 0.2%, VS 11.5%, SS 12mg/ £, TCOD 98mg/ £, SCOD 72mg/ ¢ ,
NOz-N 0.312mg/ £, NO3-N 2.2mg/ £, PO4-P 0.4mg/ £ , Absofbance(SSOm) 0.009
ojgdeon olu] BRE KR th& (Table 5-19>8 Zo] £ g},

(Table 5-19>06] A VS €8 & Ozonizationol] Al 46% BB X ¢ 21} AC-Sand
filtrationdl A= BE HE7 ¢t 22132 SS A AL Ozonizationo A &
BRE HEI ¢= col4l AC-Sand filtrationof A 80%4 A AH HEE&L HoAr}.
% %t TCOD:= Ozonization?} AC-Sand filtration® ¥t KB 57%8 A H TL S
Leto] MR £ Aze €A Zstdr.

<Table 5-19> Effect of TCOD removal through treat to Ozonization and

AC-sand filtration for R/O filtration effluent

ConditiofPH (TS (VS | SS |TCOD|SCODNO,~N|NO;—N|NH,—N|PO,~P| Absor

(hr) % 1% {(mg/t] (mg/1) (mg/i) (mg/1) | (mg/1) | {mg/1) | (mg/1)| bance
Sample | 85 021115 124 98 72{ 0.312] 2.2 0 0.4 0.009
Qzonization 0.5 8.6| 0.2 5.9 4 771 68 0299 2.2 0] 0.3 0.008
1 87, 021 11 8 76 68| 0.28 25 0 0.1] 0.005
2| 88]0.2] 6.2 10 65 59] 0.218 2.5 0 0] 0.005
Supply water 781 0| 50 0 10 9 0.004] 1.92 0] 0.12] 0.008
AC—sand | Water [ 78] 0| 76 2 4 4 00121 1.3 0 0] 0.003
filtration 0.5 84102] 11 6 43 43] 0.019 7.9 0.2 0.3] 0.002
11 8610.2]14.1 2.5 42 55| 0.021 8.6 0.21 0.6} 0.002
21 86]0.1]121.3 2 42 50; 0.019 9 021 0.8 0.001

effluent
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3. Bt AER BHFR ANaY ke KRS BEREE

A4 ¥ FHEFRE REE 274 ndE UEE AL st7 43t
Sludged] —MER %L HH HKe ¥ c¥S FAlo A AHed W&
48 K4 BERE ste Wd g AYstd Az BB 24 43 A
£d aﬁé PH 7.5, TS 0.2%, VS 54.1%, SS 13mg/ ¢, TCOD 102mg/ £, SCOD
96mg/ £ & H#HY XNEE2 BKSLR, BREMEB, Ozonization, AC-Sand
filtration® @& o2 § R (Table 5-2003 2 ZA}E LAt

(Table 5-20>0A VS & &2 98%2] BREARE LEeldo vt HAAJE
dglom SSE= 70% TCOD 92%, SCOD 92%2] RRE #HEE uvla3d F2 KHRE
Adalrt, 23y} Ozonizationo] 28] SS 4 f&o] @M= AL 22 Bt

<Table 5-20> Effect of TCOD removal in various treatment for continious

activated effluent

Conditiciny PH| TS| V8 | SS |TCOD|SCOD|NO,-N|NO3-N|NH,~-N|PO,~P| Absor
(hr) % | % |{mg/Ml(mg/l{ma/)l (mg/I)|(mg/1)| {mg/1)| (mg/!) | bance|
effluent 7.5]0.2}54.1 13 102 96
0.5 85}0.1]138.7 2 48 40
electrolysis 1 9.210.1] 44 2 44 34
2 92101} 321 2.2 33 25
3 9.210.1]20.9| 2 31 14
Coagulation 7.810.216.7] 10 44 25
effluent 7.8]0.2] 9.5 2 81 77 10.124] 0.8 0.63 0 0.003
0.5 8.3]0.2]11.2] 33.3 [ 58 53 10.009] 20.4 | 0.59 0 0.008
1 8§6102f 10 ] 33.3| 37 31 [0.009] 21.1 ] 0.53 0 0.004
Ozonization 2 86|02 89333 31 30 [0.009] 23 0.33 0 0.001
3 8.6102] 541 7.5 29 29 10.008 29 0.21 0 0.001
4 86102{ 35} 25 29 29 {0.007] 35.7 0.1 0 0.002
0.5 9 |0.2]13.8] 4 6 6 [0091] 2.7 0.24 0.7 0
AC-sand 1 9 ]o2] 6.2 4 11 10 _10.072] 2.6 0.22 0.5 0
filtration 2 9.110.2] 6.3 4 15 12 10.077 2.3 0.22 0 0
3 9.1]0.2]1 6.3 4 8 7 0.069| 2.2 0.22 0.2 0
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AT # NTFY K718 EAY HEol A BEHE 27 Wolatzn Er}.
utet A o Ate] FEH S OzonizationdtR] ¢l AC-Sand filtration &3] %

# BEste Wiel WS HRAMoletL e HAc,
4, HE EERX BHFBRE N2l RE BE BE

REMRYE & BN B A2y RERH HHAks ®o SRl
wet I A2 YHPE BEMOE sl Hste ANAUS BRIE A
o] BB MolTl,

J1ER X RBoANE BRE M2l FRE N2, BEESM Ao, #4f
BE A 2], AC-Sand filtration X2 FAL BA BE N A2oz %
Et 8T A3 tlg (Table 5-21>3 L AAE ddr},

<Table 5-21> Effect of TCOD removal through treat to electrolysis,

coagulatiem amd AC-samd filtration for continious activated

effluemnt
Condition. [PH [1S VS | S8 [TCO
(hr) | %l |mamli
effluent 7.5 O12sas 13|
0.5] 8.5[ 0.1[38.7 pi

electrolysis 1] 9.2 0.1]44 2
2192]0.1132 2.2
3 9.210.1]20.9 2
Coagulation 7.810.216.7 10
0.5 7.810.2[20.8 2 10 6 0.021 0.7 0.68 0.8) 0.2
AC-sand 0.67 9.4(0.2]19.7 2 13 13] 0.024] 0.4 0.7 0.6] 0.181
filtration 9.210.2]19 4 13 13] 0.048] 0.5] 0.72 0.9] 0.005

2

2

—

N

9.210.2119.2 12 11] 0.056] 0.1] 0.67 0.6 0
319.210.2{24 6 4 0064 1.1 0.64 0.7 0
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2] 8] (Table 5-21>0] A VS- & Ozonization REE ¥ Z ¢ vasty

Bk ®o) Wo]xx|qt I udlo] SS 2mg/ £, TCOD 6mg/ £, SCOD 4mg/ L B W&

W WF4 Z# BOD 30mg/ £ °] 3},
fERCH $2 BRE &5t Ho BER R B& 4+ dddch,

COD 40mg/ £ o] 3}, SS 30mg/ £ o}3}Y B

5. BEBRE Material Balance

7}. B Balance

0.3% Shintloc

Solution 100T/d Solution 100T/d Solution 100T/d

TCOD 102 mg/! TCOD 31 mg/t TCOD 44 mg/! Filtration
SCOD 96 mg/? SCOD 14 mg/¢ SCOD 25 mg/? -
SS 13 mg/l SS 2 mg/f SS_ 10 mg/e

Aerobic effluent Electrolysis Coagulation

Solution 100T/d

N TCOD 6 mg/{ | >

SCOD 4 mg/?
SS 2 mg/f

AC-Sand filtration

L}, &£ # Balance

157T/d o 4 T/hr o] 80 2/min
(0.5hr/HRT) |10 Volt, 5 Amp| |
Al-Cell
Separator Filtration
Electrolysis
> AC—BOI.’/miq > 20 T/4hr
Sand-80¢/min

AC-Sand filtration Storage Tank
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£ 6% = om BEEse #HIEL

FlE K #

REZNHA dax s —HBY #IELs BB 28 Aol o 712
oz WMERE, 1K BE, 2k B, AR =23, EFXE AANA HO
ole] HMfy IR tlE (Table 6-1>3 Frh. el ANz ¥ W Az Fef
of thyt ek FHEY &L <(Table 6-2>2F Lt}

<Table 6-1> General unit composting process of organic wastes

FUHT|E
L 15eE - -pRgs -2 4 |
MIE
- 0|ME B30l 2HA 31718 & E -HIZ2AMS 72
s 8 xHE - 2871 ol | - 28k VST %’-ﬂ%—‘ll 48 =¢
UE 77122 2alet —v—6H2+° st <32 A2
2 5 |FrgLECN oby st -2 A HE2 JHY
= - SE{X|E A} A < XE
E%ﬂéﬁ AR, TIYSE
PH S| AHH
« FEMAH
REEE (QTﬂ|O|3 - 87| « 2EER| +HIZME =M
HoE, ¢hSEY)) . 284 e{X| o1E| - BHEEHI9| 2 -ele=x=H
=E B -2 .’F.’é* - BHSEH| 2| 22 25
«PHZ=H « K&
- B0 HB(eSER)
- 2714 M
RETERoT TS . SrE EbR| |- x&2l7]
FQ M| - ZF EA| - 5371 - EEEE o =7
=7 - EEER| - & 22|71 « IEFA|
=Ll - BhEMH] - XE7SE
L EI1E dks BT - HESEIX] b | - 1RF REEUOIM . 20|24 Yot
£ 4T Uch dsz Uch shs AT Uch £z st
gl 1 g e o | - BY(5HK| e E 0L Bk
8‘"'14%’ xcii . §|x4 ul-A|=> mo| ;;HEH o|-(:|,
olct. L UHE 7[212 2 20~608 Mo
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<Table 6-2> Characteristics of composting method

el M2l el | X2 ot st =

2t [ 22 | of| [ 328 [xixfeis mleolix]
st |geheol ofetEH Sl 4-1020] ZFCt | ZECH |AlSKEloEECiolFEC| okt
OxEHElzete et 12201 ZCh | ECF | Bof| Bt | E | S
Pl bat TARH Zch | Zct | | Ect | Zb | =t
UZMED ICIARRl 70| AR 2t | ZCt | o Bcf | ZEof | =Ct
2 2t | a2 TP [oFECHoFEC L) L] Lipect| o SECh

%l 2] (Table 6-1>ol A B fr #HfFol & WIRE AF3 1% BEEZL Al
f13te] AN BB B GRM HAZ A3 L nYEH BE B2E
7t o] Fol A uwl (Table 6-2>o Ao RE HlE+ AX2d UAE XTI F
ez AN o 4 gl

et ol B BE, BE 23, K9 23, PH 23, #4&EY #£8, S

718 MY T2 ERE 4+ At
1. B DEE

WML B BAR LEHS R748 dHAEY RE BEAA HEHS B
ftt BEE o1 8Y BHEEAE sted E3E T2 A, & AgEHEo HE=
AFRE BEES #IEAYLZA HAOME, THHBEEBEY Ad L ERY A
€ 2& 5 27 dE &8 HIE{k processEo] MU r}.

o] ¢} & composting EMe BB LEH#LS S04 HAEY HFHLA o
¥ BR E£BRY EA dArAE HHESA sted glon e gHozE %
B ARE S/Ec g AFAA Hold £+ Ade F9 BHA S wEIA 3
=d vt Ech. BE Hulzte BRAAN BEEAD B8 #E/E
ou ol BAKNY BEY ndEd U #HE E= PHE A MIE(

o

—133—



Jb o]l FojAl A HEBE HIE £E sHol Wi Huldo Rkl £0=EA
BH—3 LI ol Fox A doen EY Y T L£FHE FHo
th olE ¥ HREL BRI B V| RES HIEE AR HA¥ £ e
systen®] BARoletx ¥ 4 lrt.

BE B8 BXo e £FKE ¥Yo2 435 FRE EEH U
253 9o ol RE KM WiuololdE REY EAetz & 4+ olrh
ay FU e K#ES of3F @i BEEAN o9 /e ALY BRET M
ety ¥ 4 k. 22 BA El KB ot 2 TAZA BEE BR
R, ERE R, BHE RARX §F 797 ¥R Aok, £EEY 24
Hul3 B UH AJo]2A YAZR, AN HE oA LYAZ, BHEKR
UH SRR YA, YH SR JEEA UEX, dF Uk ¢H LEZ,
Ay cietzaa YER Fo] RS BRI ot

BE BRAA EFEH BREIT Ude HEL BERS X2 FE BRE
Hees @REdeon ¥R B®EL ofF nostAu Ay dAd =2 g

c}.

=

ety {713 s71Eo] HY BE EER Ve AL FES BE FR
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2. HJIEd &M

Hulzt Jlgo HY K& M HEyd B M o depzioy
dity oz HAHE BEE BR-FRE XY, FRE wAYPoz aAps
72 BFE & olrth oot 2 UE YYPYS FRE BE®Y AL
gt B%E oy HIEY BElE Fo| gt watd HE ¥RI2
de FUY ELR HulHYolu HER YXEHLS ol BE HEo] o}
system®] FFo] 2 FHC},

a9 HIE Z+F composting processo] iy HBE EA HH g

<Table 6-3>3} Zrt},

<Table 6-3> Characteristics of composting process

Composting process ul 7] 2H(day) =1 2
ey, Ex 5o Hud EXS
Indore 240 ~360 Fo], 3, EU AT ol

Wi 7| HAVE 1-23 i)
UERE AHE3He 22 18U T2
Beccari 35~40 8714 &3E A7l ol 38
29 do] 7] F3HE yich

Beccari-process?] 7@ og

Verdier 20 B|5HEg A 2lo]do] Al =)
F 175 |BE UFol AxE AAlsie] 73
sl $2g A2
Earp-Thoma 1~3 23 52 ¥AA Turning
ki i SlH A <4 BacteriaE 2] F 3t}
Dano 3~4 HAA WAERE A3l Sorting
of_S4% Wug ok
Rasping machine2 3 A7) A&
V. A M 120~140
A3 F o] o3l
2} 3} A HEE 3
Amaerobic 20~30 B "I UAE slo] Methane

Mg 4 ol-g¥ith
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SEE HEBR%Y Bt JFoE ol KRR, EX 4t RE YWHS ol
£ oy Eol £RIA HAEA #ho] WU}

dgl3 #EEE SUAEY FREYE SH EH JF 22 A Mesophilic
(2&%4) 2 Thermophilic (Z&4) nlBEol MR3A =HI o5 HEA
B2 1S 3 BEE Uirolrt.

(lr
ok
143
lo
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D A&yl A= 27 HBY VY £33 F HEE, olnkxi Fol
wel B FIAEBEA 1-28M =Hudo 2271 LRSI ©A

Q@ EBEY 2idFeozA H@RE BEWHF L Cellulose, Pectin T 4
M7l doluE A BB FE (30-40C)& RAE A

@ BEKB M (Curing, Stabilization)EA =71 HolAl= A

gle] ol ¥ HIE/{ BEE #7113 SZ/EY EE Hu BEFY BF
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7. W BB R |
ol ste] MM BN $2Y IF Ao FE AR HES Eadl
i ol that &l o3 MIECin]e] EEE 40T oldo® LA H
HA ERE FE ERESLE REE A,
M BB MY hEYE BEHES KA HIEY FH oel 2 EE
7t BRAAAT dtH oz MG RIE FES: HEYESS v
RogM 3 2FL the (Table 6-4>8 Z2 Zo|t}.

<Table 6-4> Various bacteria fungis in compost

Bacteria

Fungi

Cellulomonas folia
Chondrococcus exiguus
Myxococcus virescence

M. Fulvus

Thiobacilius thiooxidans
T. Denitrificans
Bacillus cereus
Enterobacter cloacae
Flavobacterium balustium
Janthinobacterium lividum
Pseudomonas fluorescence
P. Putida

P. Stutzeri

Xanthomonas maltophilia

Fusarium culmoeum
Stysanus stemonitis
Coprinus cinereus
C. Megacephalus

C. Lagopus
Clitopilus pinsitus
Aspergillus niger
A, Terreus

A, Fumigatus
Rhizopus nigricans
R. Oryzae
Trichoderma viride
T. Harzianum

T. Hamatum

T. Koningii

Mucor spinescens

M. Hiemallis
Chaetomium globosum
C. Aureum

C. Homopilatum
Penicillium ochro-chloron
P. Griseofulvum
Gliocladium virens
Geotrichum candidum
Others
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U, BiE B R

FRYE HEpol BHS U @M BEAAM Eu too #o] BEEW &
Bt 2%stdaA Aol sl HEH] 48 EEHol FF3] AstsA =
th, olul Bt v E WELE o= XRE 224 HEYD BESN 374
st BB ol Eo 3 Hulyt S BHER A},

o]9} TL EHEY AW EE Bacillus sp., Thermoactinomyces sp. %}
Sellulose ¥3) o] E #EY Aoz EMEI gt

BB B nBE ER HREANA storm soild-waste?] Eu]3} NE 8
B AEZ3 49~69C2 HiE #MEdAM Le21®™ 87%7 Bacillus sp. o] H
fit = Streptomyces sp. Thermoactinomyces sp., Aspergillus fumigatusql #
o2 HESHACL

223 Nakasaki T2 TK €A iyt HJEML BE ZrlodAd:s HR
BEe 47 2 Futsle] glojy €O, £REY uPE BE HEN oS
(Fig 6-1> 9 <Fig 6-2>%} Zo] LiEldCTi 3¢},

EY HE EIEAdAM SEIE 1248 BEHS] ERe ttS (Table 6-5>¢}
23 gty oz #IE BEJ 50~60Te HESE ## RAEHAY =: 6
0~65CE o BEZ LeistA =P #ESP] SRE BEY HBEE 54 o
E2 EF ZERSIA HIL tirt #ol AW £ U BT BR AT <A
o] #IEL BEol S HolxA Hrt. watd #HEH BEE AP
o3 FHEI En)3 BE BES 40~55T¢ Zeoe= s A}

o

th. B BRE

W Rk X EE B % nAE ZIA g EUA HE R
BEHP A HBE HES nAE A A& g8 xRS FHEE AT
i Eol S8 HEE KM HoAAEA FaAlo %IE BES 40T LBTE W
g 2ttt
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[fFig 6-1] Estimated specific CO2 evolution rates of thermophilic bacteria,

Rb, and. thermophilic. actinomycetes, Ra, as s funtion of conversion
of VM.. Symbols : ----, thermophilic bacteria (TB) : ----- ,

thermophilic actinomycetes (TA).
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[Fig 6-2] Contribution of CO2 evolution rates by both thermophilic

bacteria (TB) and thermophilic actinomycetes (TA) to overal

CO» evolution rate measured during composting
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<Table 6-5> Thermophilic microbes in compost

Bacteria

Actinomycetes

Fungi

Bacillus stearothermophilis

. Licheniformis

Micromonospora vulgaris

Norcardia brasiliensis

Aspergillus fumigatus

Humicola insolens

B
B. Subtilis Pseudonocardia thermophila H. Griseus
B. Coagulans Streptomyces rectus H. Lanuginosa
B. Circulans S. Thermofuscus Mucor pusilus
B. Brevis S. Thermophilus Chaetomium thermophile
B. Sphaericus S. Thermoviolaceus Absidia ramosa
Unassigned Bacillus spp. S. Thermovulgaris Talaromyces dupont i
S. Violaceruber Sporotrichum thermophi l

Thermoact inomyces vulgaris |S. Chlorinum

Thermonospora curvata Stilbella thermophila

T. Fusca Malbranchea pulchella
T. Glaucus Thermoasus auranticus

Thermopolyspora polyspora Torula thermophil

Byssochlamys sp.

BEXS StAPY olue W
EHSA UV BEANE

RFIAIES —rwez 3

2W 30~35Ce HEE WAEHol TthA
B 328 BEHAEs TE FF7 Aol
vl R AdA "ok I olfEe SEHI HL
g7 wlEol 4 A 5= Celiulose W Lignin®] 4 fo] #@mg F ol
fealo] Hrh, IHER olg Z2 FR B HYY BHREFU FIE
£ Hof A ORE ERY Huiy A BER e @E2 27 0w
T A ddd FEYE HEHY Micromonospora chaleae,

W2 MEE ol

olch, g
Streptomyces

thermovilaceus 5 2
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WIEdE FHEode =Hulizt HR, KB, MR wet o8 JAE ERIHZ
gJovt KEHES 79 thE (Table 6-6>8 T2 =y HE WaHo=E Fe
stz 9ow Huli I8 #Hited ddMe SAEY HRXHA &% SES
22477 I £4 #HE BFY =& 3 #l@st dasicta £
duwtR o2 HaeEWS RINE 4K BE AN &R} HFE BB Y +
AA = BE ATFE = BE, ZHR. K&, PH 9 HEHS C/NKEA
olof TR MEE LY /E KWHAHEES i Lol 27 FH I rth.

<Table 6-6> Composting comcept of live-stock excrements

=) i H o
b AN ohel 24l 249 273
N . o 2EEY Eruas | 239 94
EE L RE ) cor ojuna $7182 £
o 259 Breiga o £ze Sz
qe |0 =R olud %7189 23
A Tl AEew iz o 43 B3
L oA e B3
C/NHIS] A3}
e o W7o} °
= e lal amaag |0 AEAERS Ha
) he ;r?%xu AEBAN | S w &
0 To3e) ol3ud T RIS
Lo 2nEe FoEEs o 259 SEA
we |l =98 olyuy $7182 Ea
= 1 B2x0] .G A
ey 2l jﬁ%" SN\ s gl 2o
+ = o] A g
suE 7|7 SREEH IR o paq gue) o
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7t. ERBEI RER (C/N Ratio)

WML staASE 71842 C/N Ratio: A S BMAKE SA3IHA
|EAdled HANY Lottt REE wAdEEC] EEKSI A% gy
Fog, EFXRE £F d2¥ BEHE Ao 2 AEHIL oy #H4EY
M C/N Ratioe 2% 5~1532 o8 g% FREDH oE= ON
RatioZ} #4£E#H MHe 222 vixsted FuztA ol FoAAHAH RRWLZEE
C/N Ratio 10 A= E Hrt},

dutdog #Efol HAY $713 HIEL WH C/N Ratiok 26~358
A C/N Ratios} 35Rct EREA HE &K FE ¥ HEH Bl oA
571 Aaste AF #IE{L RHEE ZoiAA "ot & RR7L Yotdries A
S ol o3 HU HRESC EHulY PHE WA HEER BT #&EHY
R BERE ASA "l

gte o] C/N RatioZ} W Hod I YRUots Wslo HIEL BE
A dAzt §A4 4 ¢EYot 1A BEAIA HI PHE @dtA Hcf.

a2 AxFHLY F713F HIEL g (Table 6-7>3 ¥ HujHo| HE
3 @E Qo FojFu UR Fo|l AolA HE £FHH BMRA
C/N RatioZ} &olxA HEBZ2 FHf HIE{ HE olF koAA Hrl. ol
ol FYYL FERES ol ¥ C/N Ratiod HAEGHE Yast glch

fE EY |MH TK FRY F5F st Al Fod WA TAY FF
wtet 2R JdRe A4 C/N Ratiort 7] wf&Eo] C/N Ratiodt &2 &
714 HIEN BESt AHelste Zol RIEM HEXES Y £ d& W]
Hrct.

H22 BETK HEYA BS 9 FHE MK Cake & C/N RatioF B A HE
C} & (Table 6-8>, <Table 6-9>3} Zrt}.

O
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<Table 6-7> Nitrogen contents and C/N Ratio for various wastes

Wastes % Nitropgen (d. w.) C/N Ratio
Food wastes 2.0 ~ 3.0 15
Total refuse 0.5 ~ 1.4 30 ~ 80
Sewage Sludge
Activated 5.6 6
Digested 1.9 16
Wood 0.07 700
Paper 0.2 170
Grass cliooing 2.2 20
Weeds 2.0 19
Leaves 0.5 ~ 1.0 40 ~ 80
Fruit wastes 1.5 3
<Table 6-8> Components of sewage sludge
q 2 AoV (%) oo @) (%) 23101 (%)
87123 60 ~ 75 65 ~ 75 45 ~ 60
1R 20 ~ 40 25 ~ 38 40 ~ 55
2834 & 17 ~ 35 22 ~ 30 35 ~ 50
Z|8} A (Ether£&E) 7 ~ 35 5 ~ 12 3.5 ~ 17
Hemicellulose 3.2 - 1.6
Cellulose 3.8 7.0(312d ¥5) 0.6
Lignine 5.8 - 8.4
LRy 22 ~ 23 37.5 16 ~ 21




<Table 6-9> C/N Ratio of sludge cake

REF el cake 7/ Zrd zhak(%) C/N Ratio PH
A ¥ e cake 45 ~ 60 7 ~12 11 ~ 12
o
polymer &4 cake 60 ~ 80 7~9 6 ~ 7
A 3 €t4 cake 30 ~ 45 - 11 ~ 12
A3100]
polymer ©< cake 40 ~ 60 6 ~8 6 ~ 7
U B¥ RE
HIEL BRBA EHul3 BHRSE Eoled BRERE vi¢ 28 BFF9 3
Lol ct.

BE #& BEdZe o33 22 A& &4 At

@ Composting @BolA KREHE #MAeHo WAT U AT Foz2hHeH
P S-ol YA AME FERE7 wWEold HIEMR BEZ 60T L EolA
4RI S A&LIA HE BEY Aoy Hk #HEHY A M=
= Ro% g8x 3 gt}

olo}l th¥ compostingl2] BAEE KB ol B Eol iy BE ER RIS
2A g9 tlg (Table 6-10>3} Zr},

© Bihol Y 2/NE HB MK MLS Ut BE %7 Dot
compostinghfe] HBEBE = HEo wel Aol7 glzlort XBE 55~60T
WE Jgsicia & 4+ e 70C LEoMdE nAEY ERS &8
5 "ol A 40T BENAE BE BES ERiol 123t
¥ 23 BEY 848 MstA Ho.
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<Table 6-10> Die out condition of various microbes

g pdx3
o B E - -
2x, T A7}, min
Salmonel la typhosa 55 ~ 60 30
Salmonella spp. 56 60
60 15
Shigella spp. 55 60
Escherichia coli 55 15 ~ 20
Micrococcus pzogenes
Az | peos
var aureus 50 10
Streptococcus pyogenes 54 10
Mycobacterium tubercul osis
var. hominis 66 15 ~ 20
Mycobacterium diptheriae 55 45
Brucella abortus or Suis 61 3
A} A & |Aspergillus 62
2 M= B |Endamoeba hystolytica 55
Ascaris lum bricoides
(eggs) 60 15 ~ 20
Bss o 62 ~ 65
Triclrinella spiralis
Necato rica 45 50
ecator americanus
714 % . . 55 ~ 60 5
] Telnia saginata
Virus
Polio 55: 5.8
60 20
Ref :
55 4.8
Echo

Q@ BERoERE X5 FY SHAA XS A& & Y AHES
B Y oz BE MG/ Wasdith, o2y FFols BR EBHa B
Fo BA BEJ 53 Fasich.

12
lo

|

223 composting BREAIAY ERE ==+ B# U BRA g E9
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windrow processolA & 4 o&d ol& HuE HA FA U4t REY 2
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Rol sldoy HZ #4EY BEEY A7 Azo wE=d #IEELR 3B F &
B BEES 60CE 231 UG=F #AH= Zo] HulHe H&F woled
BEMoIt Aol Rotz.

olo] th3t EH IE A kuter £ H,H TAK &€& FY¢. UF+d4d &
2} Eysto] HEER{L Full-scale vessel systemolA 70H B|HRY A e
(Fig 6-4>2} (Table 6-11>3 ZolE o HEB{ERNY =7t 60C ©|3tE HAMH
& whirlh uldE chrtol &% Co; BERO 60T ofAe BEHETI ERY
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#IE/L MIESY SR BB nBEY FERES @A /RI159
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[Fig 6-3] Simplified temperature profile in a windrow composting

process(A) and an in-vessels system(B). The time scale is

arbitrary, demostrating the relative time course of temperature

change during composting
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<Table 6-11> Measured and calculated losses of CO2 (metric tons) from cool
and hot sections of the reactor during Trial 7. Caculated values
are based on losses of dry solids and stoichiometric formulae

for oxidation of glucose and sludge

Calculated CO;

Time . Measured lost for
Section
period CO; lost Sludge glucose
Bef X Cool 4.2 7.2 4.9
u
etore Ham Hot 2.5 4.4 3.0
After t Cool 5.6 5.3 3.5
er
urn Hot 2.6 3.5 2.4
Total Cool 9.8 12.5 8.4
ora Hot 5.1 7.9 5.4

Stoichiometric formulae
Sludge @ CoH,903H + 12.50; — 10C0, + 8H,0 + NH3

Glicose : CgHi20s + 602 — 6C0; + 6H,0

Yo BE R BAY FRE SFol LAY MRXE TIstax &
ol ¥ A7 Rzo] Wasict KHol BFEY F 1Y 2 EAA

B OEEE RSz BE7 B FIEHA dS22AH AWMU MR =23
o2 HolAAN RIE HF 2 HEBEWA Nyt =HA e Heloh. #E
fbol glol A 7Ha A3y HEELEHY TS 19 HEE AR =l
zlol= glo} gty o2 50~65% MEEYU ZRoE EMEI ot KF A
Uy os: XA BB, B EH A4 Ry AFY BER TY AEM 2
3 5o wyo] glon o8 K. .EAE thd (Table 6-12>3} o] HFItHT},

=
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<Table 6-12> Characteristics of moisture control method

3 3 ! & 3
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Hodg 2) B71444 A 2) BRe] I Ado] Hedl

ZFol mal 2ol gol 7HeY 32 2
4) 5ol utet E3flo] A[zto] £0H

(A) : 232 E uietglols A= (B) : wlEstra Kol AR
{(C) : @€Fof] o3t 2 A2 (D) : Heat-pumpell 2§ H& A=
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® 6E ¢ Sludge EuiviuolA 158M #EAL FFE& AP 75%0l M 30%
2 FAED 2722 HulguololMEe 8HMl 75%0A 202 E/StAATI R
2353 glch.

E£3 I AN HudoE AUAA HIAY BERES Wol ITF
sto] K4 &fol 40% 0|32 HA HA £& Zhol A HAEY FHo
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systemo] whal BAY 27| 8 FoE Huly BRE Bt £+ WHE

AEGY et ol

zt. PH HAH

#IE(S Z2Ho2 EREAII s HEpol BRIIA @Kt
Wey AL Bosielsd ZEZ dch. S/EY AUF PH @EE HIE
o] BMaPHTA uwet el EAI Az ot thyl PH 5.5~8.08] H o[t}

TABES 2 PolymerE AR ¥ MK cakes PH 6~72AH 8 =] 5
BiEol 7] wEol MBol ol R BES 7 AA dech

—gaos EHust Wil MEY FHol u} BE = dvteitto] U7
P 2ol PH G S sl3 ©azds, A4y 9 Fu4dAds 5& FMIIE 5
Ant Hulst #THEI S Aol BA BEW PHI <de|ol AL A
Hddzels Hul3 BB H@/ PH 2H EHS FHa U7 dEe FEY 7
S Lftols EHe PHE Z2AY HEJN 9t A= 2MHIL Ut & #
B AN Hulsst gTHI dE 4Bl PH 4.7~6.09 FEHE ETT
ol fol tis] 10.8%8 HBrsld& Z§ HulE: PH 8% MESIAL &

BS 25%3 BEBAASAE PH56~6.12 §A3t%ct.

of, BRAEY HEF
EEsS Sud BES FRE HEL ATY B fthd L& ool
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dojtrh, AW L2 MK cakes HEMolL Kol JAoHAN BEH Z=E7)
sty wiEol BEMAA AF FUAANE cake HEY BHE o3 Efgol
dojLtA HHHEFS ZRR U4LZE Bl BRES oA "ot o
A B8l Yol FRE uBES BRX ZUE Adstd FERl FA
Hi BRE SEpol Al Hlo] BR B&E FAld WM&EIIIL o
A Hrcl.

ol MEHELE NSt ¢l e o2 2& HEE AU

+3S

WA SHA A BIRE AAE WEAA

A, BAM o FH=2& E+ oA

O BIFEHS 7ol % BE A&
T Hol Brsts WHL2=2A Fi
T}.

@ #IE B Us Yl YHes BRES Mdste ¥y

Q HE FHEI ER 4% T4 A

272 T EEMNY ERS 2A HR TS (Table 6-1358} e},

<Table 6-13> Composition of various additives

M YE A A=) oA &
SH¥lal (%) 8 ~ 10 50 ~ 50 50 ~ 60
7 7ka(%) 80 ~ 84 99.7 97 ~ 99.5

PH 8 ~ 8.5 - 4.8 ~ 7.0

Total C(%) 37 ~ 40 48 ~ 52 53 ~ 59
Total N(%) 0.3 ~ 0.6 0.03 ~ 0.11 0.2 ~ 0.5
C/N Ratio 70 ~ 100 200 ~ 1,700 100 ~ 350

P20s(%) 0.06 ~ 0.08 - 0.03 ~ 0.24

K20(%) 0.29 ~ 0.36 - 0.04 ~ 0.36
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#3212 Gel-chromatography®] U spectrum graphE B t}& <(Fig 6-5>
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[Fig 6-5] Composting absorption spectrum of Gel-chromatograph
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¢ ol (Fig 6-5>o14 EHE HREMAE AU 7HH 1x HEE A HHE
2k RE HME AXA 4z vz B Aulslq EHS UFSHA HA
58 A Ee wi# MKl AME Letdcta daA ol KREME HR of
Ud 2K, 3%k LEE AA £HY 480 HESF sle Aol Frt.

F2of EMMEIER HH

1. &Y o8 BB

BIE B#S $istel £4 nAES S8 BRI ol &3ts HRel ol
e ge HEES o8 a7 #igslol gt B3, AT BEHA
A ER BEE Slix ¥ O BER KLY 3EL AL HEH B
Bpol wE Azt stsdtedals] o &olt.

meld ERBES o ol Aol BF KEHS WAE —k BE
ol¥e] H& &x9 GAHE AJEd o] 2 pEWE stA "ok Huly
BRAN MAEWY S| EBl 3] FPHE AL Co, HO, NH; U BBES
24 ol WPl Zrstd I KREXE 94 ZFAH™ch gwzyes
WAy R U REEEO Uy 982 4714 dH/NEd x5, B B
B, BfE Y BF7 328 o njdEY &3 5o ERe) Aol

Hul s Aol HESIE HEHS U FH7 Loy A Bacterial,
Actinomycetes¥H, Fungi$ 7} o [ §.3 FiPoll=  Mesophile,
Thermophile®] MEol FEHSIA T3z HEH #Hildes BRE EFSHA
Ut 58 %A HME A REH o] glo Hulzle EEELS
874 ARBEY 3ol Ve U= MEEIU F4H o HRAEY B
fo] ¥ W o 70Ce 2EE MHt/ WEo FHHATIE L EF 4+ &
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ety X BERAME #7132 BRBEDY HuE EF ¥ REMLAI]
Lo oo wEYY BKE HE E43 1A widol st HFESILdoH A}
28 ANES HF EHHE BRA U BRAAN f5HZ A& A E AAE o
£ B BRI 2F ActivityZ} 2 A& BR AEstded HEY H
Bt RO oM RMALE 1Y BR 2 BXR RHFE —% HE
of Yol T NAME 88 JE®RSIZ FWIY A E & Bennett W PYG A& o]
€3l DA ES HHESIACL

Bennett Hj A PYG #1A]
Yeast extract 5g
Yeast extract lg
Glucose 10g
Beef extract 1g
) Bacto-peptone 5g
NZ Amine 2g
KH2POq4 1g
Glucose 10g
MgSQq - 5Hz0 0.5¢g
Agar 20g
Agar 15¢
D W 1000m¢ pH 7.3
D. W. 1000m¢ pH 7.0

71 F A Y EWE Autoclaveol A 122T, 2047 R BEY ¥ REE
A petri-disholl ¢ 20me#d] Sy#3led Agarl HFE tiE vABE HA MR
g ABKo BEAA viz|of LBt

322 Bennett ®iA| 2} PYG wix{ojA EEH BE A=& BEY WA=
SUTF RBE A3t glo] o F EES A s RRWY BEY
of tistod Mt 23 HEE BMHoIAE Bennett uixl 2} PYG X & #&
A3stel TB - 1 (E), SHINCO (K) ® TM - 101 (E) FAHAE 40ColA BE ¥
£olo] o|AES] @M HEE X XES (UV-1601 SHIMADZU CORPORATION)E
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{Fig 6-6] The growth of strains isolated from TB - 1 (E), SHINCO (k),
and TM - 101 (E) in PYG medium.
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[ Fig 6-7 ] The growth of strains isolated from TB - 1 (E), SHINCO (k),
and TM - 101 (E) in Bennett medium.

#1e] <Fig 6-6>2] PYG %Mol A e Absorbance: 30BfRjo] ®WiBdlH A
SHINCO(K) #& 1.0000, TM - 101(K) & 1.05009 Absorbance® i8in3s}7)
A 2tsto] 80BEREol olZ2 A TB - 1 (E)Zo] 3.0300, TM - 101(E) ZF&
2.8200, SHINCO(K) #-& 2.59509] M HMEE Uelo u£¥ F@ge za
de Rz SO} CFig 6-7>2 Bennett 8o = T™ - 101(E) & o]
2.32502] BXEE uelio] B EE clE8 (SHINCO(K) 0.7770, TB -
1(E) 0.9060)cl te#&sto] of 3571 & Aoz S Al
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2. BEY HUH LE

e A BBE Ity o2 EMKed 3 EHig BEB A& Histe
Aol thRE Lol ol k4 AH L FA BRE FHAM BZRAWol E F
oltt. B wWLg BEEBEAE 5A, AY, "ol ANE, HAY, &7
at, Q171 &, vl So] glon, ol§ HREMOE A3 HAMMEe TXK &
B 243 C/N ratio, 223 EBHE, BHE, B#E RKL% K&, K
5 5 2E RYEY S8 S AT nPEY BEES KRAZ & AU
i 2% KeS U5 FA HY dudes HY RE EU F BE A
so] AL 10° o4 #EHA HCh. |

whebd EEE EE YHe —f KREA AE AAELE BX HAES 30%
A 30%, A 40% RS TUY S FREY 8EY AA IS HHE
WE 8 WE(TB-1)¢ @ YExL AA(MB-1)HLE thd <Fig 6-8> ¥ (Fig
6-9>9t ol M wigstalct.

t}g <Fig 6-8> X <Fig 6-9>2 EH HFolM TB-1 Bkt MB-1 AM A
ol TB-12 #MHAFE W BEAM AZA}A BE4#K 2= LRSS XE3
o Rojw A 125BRo] ZAsle] Kol EIHE RME MB-12 X7dE= &
e BEES #HY IS BE o/FdE &5 EF Eol FA ueiud A TB-1
of sl WS 2xolAM vlaH FE BRRMol 2 1608MHo] Fste HE
o] ¥EHE HHS U en: BHE 9 SE BE JUYY NEE E
Hatgdct & 4 dth,

De8 U F28 M@= ESM TB-1 4 MB-1 HA chdtd EBEN
B# o Total Plate Count¥so] 2% BB H/grano] tidle EZRsla E
Bennett % PYG ujote) oMo BM HEE #¥ XEKEEt (Bausch & Lomb
Spectronic 20)& F#| A3l 550nme] FERAM FAF 3t BHRIE nAE AA
o} wl2ste] B chga Zrl

—160—



@ ' Mixing
16f ]
&
©
5
s 14r ]
o
ol
C
12r .
10 l I 1 L ]
0 30 Gl 30 120 150 180

Time (hr)

[Fig 6-8] Time cource of the growth temperature of TB-1 in Bennett &

PYG medium.
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[Fig 6-9] Time cource of the growth temperature of MB-1 in Bennett &

PYG medium
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o]y B EE BEEBAAMLE TB-1 1 MB-1 HAE A Bennett i
¢} PYG wiR]o A &GS o] tiEAHY HREE sl Ue nBE &£
£ <(Table 6-14>%} Zrc}.

=

rlo

<Table 6-14> Physiology of microorganisms in TB-1 & MB-1 strain samples

Al 8.7 % &4 /gran ajoF wz] "ol 33 el o] B ESH
small rod, long Pseudomonas,
Bennett .
30C(5.4%10°) rod large rod Bacillus Yeast
TB-1 .
55C(1.1x10") PYG short rod, large Nitrobacter, Yeast
rod long rod Bacillus
large rod, long Yeast, Bacillus
. Bennett .
30°C(1.0X%10'%) rod, short rod Nitrobacter
MB-1
55°C(7.2x10") PYG long rod, short Bacillus,
rod Nitrobacter

¢l 8] (Table 6-14>0l A TB-1 I MB-19] ABE FE(30C) g HE (55T )
A uj sl RMEHE count ¥ KFE TB-1 AE: HEEHI 5.4%x10%¢gran
¢ Rifol SEBEHRS 1.1x10%/gran 22 22F0] e RAOE countH Y
I MB-1 RBe 2 2F 47 7.2%x10"%/gran o|H A FEEHET 1.0x10%/gran
0% Et} & Ao Z count ¥ g}

EY KR Mol ERoA TB-1 W MB-19 BX AHAE KA Bennett
3 PYG 8 FuolAN XE BEY A ndEY BM HEEE g <Fig
6-10> L <Fig 6-11>3 o] E gir},

#19] TB-1 AL PYG wiXo]A 29RRol RBIIAAN 1.239 &2
Absorbance® X ¢l i Bennett XM= )& &2 1.382] Absorbanced U

Ef L] 486 R MBR = 1.51 W 1.459 Absorbance® R AL AAYE ¢
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el MB-1 BREE PYC wiAloME 29%RS BBSIHAM 1.20, 488:RH ]
gol A& 1.53¢] Absorbance® UiElLjo] WESIE &L Bennett Miio] A&
29B5R A AUAE 0.582 EHEsIL o 48BRol HolM: 1.319 &
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[Fig 6-10] The growth of strains isolated from TB-1 in Bennett & PYG

medium



1.6 g ; T T

Absorbance
o
©

0.4r O : PYG .
@ . Bennett
0.2} -
00 1 1 1 1
0 10 20 30 40 50

Time (hr)

[Fig 6-11] The growth of strains isolated from MB-1 in Bennett & PYG

medium

—165—



EIE  ARp HERE b EEEE

1. pH, COD W CO.¢| Hkol thdt 547

#IE( BEAAN R71Ec] HMmstAA BEE pH, TCOD W SCODY H 3
o} oo} BEMIslY] 4 M FFolA LAFE €0 HFE (%)l chsto] ADALET
LTD, Summit Analyzers (Percent carbon dioxide IR 8400)2 ##7 #Wat & 2
2} (Table 6-15>, <Table 6-16> W <Table 6-17>3} o] = glr}.

(Table 6-14>0] 41 shaking BEE 20C R 40CE FAMst] 24RF &3
HEMES BAY KR pHE BE st 42 HAsol L&l BS Hin

<Table 6-15> pH variation and COD reduction from the separated solid

wastes at composting progress

W & 24hr(20°C) 48hr(407C)
v I
A = oH TCOD | SCOD oH TCOD | SCOD
(mg/2) | (mg/ L) (mg/0) | (mg/ 8)
130g
(22 83539%) 4.6 17,920 | 17,280 4.1 17,760 | 15,680
130g (¥ 6.5g) SHINCO(K) &
(2% 80%) 6.6 16,000 | 13,440 57 15,350 | 14,400 5053 71
130g (& 6.5g) TM-101(E)#
) ,000 | 15,36 4. 16,320 | 16,320 N
(&8 8.0%) 46 16,00 5.360 J 6.3 5% 4 7t
130g (¥ 6.5g) TB-1(E)#
. , 0 4. ,640 | 16,00 ;
(725 80%) 5.0 17,280 | 16,000 8 16,6 6,000 593 7}
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3to] Huld 3 Zol BEMAHAN A& & 4 olr}t. ol LWl o Lk
BMEts R de —% REMAY KRBtz ¥ + o

<Table 6-16> Time course of CO2 contents through composting progress at

non added micro-organisms. (20°C)

(hr) )‘l:‘: 1 8 16 24 32
CO (%) 0.0 0.1 0.1 0.0 0.0
pH 4.2 4.2 4.25 4.25 4.0
TCOD 13, 440 16, 640 39,040 22,400 12, 800
SCOD 12, 800 16, 000 39, 680 17,920 13, 440

<Table 6-17> Time cource of COz contents through composting progress at

3% added SHINKO micro-organisms. (20°C)

A1 ZH hr)
- 1 8 16 24 32
CO; (%) 0.1 0.2 0.1 0.1 0.1
pH 3.7 3.9 46 4.5 4.5
TCOD 19, 840 28,160 35, 840 29, 440 26, 880
SCoD 19, 200 25, 600 35, 200 27,520 26, 880
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28] 3 <Table 6-16> X <(Table 6-17>cllA & #IE{ BES B/ Aol RE
MPEE 0.1%2] C0, & BAAII VA 8RMol o2 e 0.2%2 RAERS &
drt. olm pHE 3.771x] "WolR g 4.622 KEMHE ZJE UEl o
e M A% ERE RESZ Aol AURAAN HFE BBY /7]
Bo] ¥ vl H45HFYE F7EY BEIA JE2 +HBXR oW AT
of AXAN HlRY SM7 dojd Hoeg Byl gm LEMAY 23 A
& AoE A AL

$1¢] (Table 6-17>¢ A} 3% Shinko micro-organisms ¥ pnA] TCOD [ SCODE
20C BE %#& stolA 32 Al 7 Shaking HHA ot d WAHEHZT Qo] o9
ERS Wmstid BE H&4& 200 ¥ 40CE st 5%9 TM-101 ¥
Shinko micro-organisms& % #& Hmste] HE(AY ABE 40 Shaking 3}
HA &Y KR <Table 6-18>0] A (Table 6-23>2 22 A} E Ert.

<Table 6-18> Characteristics of composed materials for non added at 20C

shaking condition

Compositiozi"’e(hr) 1 8 16 24 32 40
pH 4.6 4.6 4.6 4.6 4.6 4.6
TCOD (mg/ £) 18,880 | 18,880 | 18,560 | 18,920 | 18,880 | 18,560
SCOD (mg/ £ ) 16,320 | 16,000 | 16,000 | 16,320 | 16,000 | 16,160
NH-N (mg/ ¢ ) 0.08 0.07 0.06 0.06 0.07 0.07
PO-P (mg/ ) 174 176 174 174 172 170
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<Table 6-19> Characteristics of composed materials for added 5% Shinco

microbs at 20C shaking condition

~ Jime(hr) 1 8 16 24 32 40
Composition
pH 4.6 4.5 4.5 4.6 4.6 4.6
TCOD (mg/ £) 16, 960 17, 280 16, 960 16, 960 16, 960 17,280
SCOD (mg/ £) 14, 400 14, 400 14,080 14, 400 14,080 13,760
NHy-N (mg/ £) 0.08 0.09 0.08 0.07 0.08 0.08
PO-P (mg/ £) 150 156 154 156 154 152

<Table 6-20> Characteristics of composed materials for added 5% TM-101

microbs at 20C shaking condition

~_Tine(hr) 1 8 16 24 32 40
Composition
pH 4.3 4.3 4.4 4.3 4.3 4.3
TCOD (mg/ £) 16, 320 16, 320 16, 640 16, 320 16, 320 16, 640
SCOD (mg/ £) 14,720 14, 400 14,720 14, 400 14,080 14, 400
NHs-N (mg/ £ ) 0.11 0.12 0.11 0.13 0.12 0.12
PO4-P (mg/ £) 226 214 220 218 216 216
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<Table 6-21> Characteristics aof composed materials for non added at 40°C

shaking condition

Compositio-l:ime(hr) 1 8 16 24 32 40
pH 4.0 4.1 4.0 4.0 4.0 4.0
TCOD (mg/ £) 22,080 22400 22,080 21,760 22,080 21,760
SCOD  (mg/ £) 18, 880 19, 200 18, 880 18, 560 18, 800 18, 800
NH¢-N (mg/ £) 0.07 0,06 0.06 0.07 0.08 0.06
PO-P (mg/ £) 176 174 176 1.76 174 176
<Table 6-22> Characteristics of composed materials for added 5% Shinco
microbs at 40°C shaking condition
Compositio:ime(hr) 1 8 16 24 32 40
pH 4.5 4.5 4.5 4.5 4.5 4.5
TCOD (mg/ £) 17,920 18,240 18,240 18,240 17920 18240
SCOD (mg/ £2) 14, 400 15,040 14,720 14720 14720 15040
NH4-N (mg/ £) 0.06 0.06 0.07 0.06 0.06 0.06
POs-P (mg/ £) 164 160 156 160 162 162
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<Table 6-23> Characteristics of composed materials for added 5% TM-101

microbs at 40°C shaking condition

Compositio:ime(hr) 1 8 16 24 32 40
pH 4.3 4.2 4.2 4.2 4.2 43
TCOD (mg/ ) 20,480 | 20,480 | 20,160 | 20,480 | 20,160 | 20,160
SCOD (mg/ £) 18,240 | 17,920 | 17,920 | 17,920 | 18,240 | 17,920
NH-N (mg/ £ ) 0.08 0.12 0.09 0.08 0.09 0.08
POP (mg/8) 206 206 204 206 200 204

912 <Table 6-18>~<Table 6-23>cllA L+ ol #IEE WESILS o 1%
BAAEE Ho| scope Wmmelx ¥ 4 Ydot REMOE 20C Shaking W
40C Shaking fE#ollA SCOD(mg/ £ )= EEHEM ABY A HWUH Mol K

B 3to] Shaking ol & 12% & A UElR oL} 4088R) Shaking Fol:s B
T # 5% BAHE Uetidct. |

ol Mol MBI A To] BBIIAE BHHE FRYo AY U2 ¢
4 drh. oA 8 KAES Foste f71H HRHEA H Yotz B

"t

L

2, RE 712 Bk Al&a"

X BRAANY &K BBEE 50 Ton/day BRE H#Be KRE Az A2 8
T AE RER FHu3 BEdAN REIN: B S8 129 RK

Hd =
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e F9Y BES BFRAI N 28},

et BRBAMe 28R BE WHOE 1K Acid solution BEF, 2%
Alkali solution B3, 3k WAEHE T2 4K HKEH BEK T, 5%
AC(4T-MC) BES Ho=2AN BREFY 7AA 2A & BHI}IA 3ty o9y
M ER KKEE cisir s KIALMOR CO., JAPANS] KALMOR-Y AN o
KALMOR- £ Recordero] &2} i@ ZESIEAN 7 & BITsldn BE PUEH
BR ALHS (Fig 6-12>9 gom A2l HE UE, Blover, W&,
RR GHABE F4=o o},
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AIR VENT SENGIR
RECIRDER
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OROIR CHECK > gepge conrraL Lzauto

)L

ALKALT  LIGUID
54 LIQUID IN

4’V| L_-N LIQUID ouT

ﬁ ACID LIQUID

FLOW METER &;l Iu 4
AIR INé C - —

BLOWER

[Fig 6-12) Shematic diagram of Ordor Digesting System
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#19 <Fig 6-12>8] A AR S FIASI KALMOR-T MAMol o3¢ RE ER
@& m E v g 2L 5% Shinco, 5% TM-1 ¥ EHul 3 ITEAA UNBHE= AR
& FHANINEe HFELEE HB®AE, 10% Acid W 10% Alkali solution B3,
Microbial B Active carbon bed W%, Active carbon bed® ¥ ¢ 4712 FHik
o2 EBY KR (Table 6-24>0] A (Table 6-33>8 A& Lct.

<Table 6-24> Time cource of KALMOR 2 (odor sensor) in fermentation

process for 7Kg solid sample B

Time (hr) 0.5 (1.0 ;1520|3040 50|60 ]|70]|80]24.0

KALMOR 3 454 | 508 | 505 | 502 | 520 | 552 | 595 | 675 | 640 | 625 | 550

Moisture (%) (90,04 838.12 87.93 87.90 86.77|33.26

Residual : 0.9 Kg Reduction : 87.2 %

<Table 6-25> Time cource of KALMOR 2 (odor sensor) in fermentation

process for 7Kg solid sample B with 5% Shinco

Time (hr) 0.5 (10 }15|20)|30)| 40 |50]60|70]|80]240

KALMOR 37 670 | 655 | 705 | 735 | 770 | 770 | 772 | 760 | 640
Moisture (%) |86.91 - - 85.92 - 83.67 - 82.60 - 81.68) 32.1
Residual : 1, 05 Kg Reduction : 85.0 %
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<Table 6-26> Time cource of KALMOR X {odor sensor} in fermentation

process for 7Kg solid sample B with 5% TM-1

Time (hr) 0.5 1.0}15]|20]| 304050607701 8.0]24.0

KALMOR %0 860 | 900 | 927 | 960 | 990 | 1030 | 1030 | 1040 | 1035 | 1020 | 700

Moisture (%) |86.17 85.21 84.61 82.69 80.32(27.45

Residual @ 1.35 Kg Reduction @ 80,7 %

<Table 6-27> Time cource of KALMOR 2 {ocdor sensor) through absorber in

fermentation process for 7Kg solid sample B

Time (hr) 0510 |15]20 |30 4050 /|60 |7.0]80 /240

KALMOR 2 590 | 630 | 590 | 565 | 560 | 566 | 590 | 610 | 625 | 630 | 460

Moisture (%) (90.36( - - |(89.37| - |87.64{ - |85.88} - (83.6231.33

Residual : 1.35 Kg Reduction : 80.7 %

Absorber : 10% Acid and 10% Alkali solution
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<Table 6-28> Time cource of KALMOR 2 (odor sensor) through absorber in
fermentation process for 7Kg solid sample B with 5% TM-1

microbs

Time (hr) 05|10 |15]|20]|3.0([40(|50]|60]|70]80] 240

KALMOR X 90 85 95 | 115 | 145 | 200 | 162 | 135 | 125 | 120 | 330

Moisture (%) |85.27| - - |84.60( - 82.35| - |80.35| - |78.91|25.68

Residual : 1,15 Kg Reduction : 83.6 %

Absorber : Microbial and Active carbon bed

<Table 6-29> Time cource of KALMOR X (odor sensor) through absorber in

fermentation process for 7Kg solid sample B

Time (hr) 0510|1520 30|40 {50}|60)|70]80]240

KALMOR 2 245 | 300 | 350 | 375 | 400 | 425 | 420 | 410 | 400 | 400 | 542

Moisture (%) |88.95( - - .|87.55| - |[87.05] - (85.98| - |85.34(27.78

Residual : 1.00 Kg Reduction @ 85.7 %

Absorber : Microbial and Active carbon bed
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<Table 6-30>

Time cource of KALMOR 2 (odor sensor) through absorber in

fermentation process for 7Kg solid sample B with 5% Shinco

microbs
Time (hr) 0.5{1.0|15]201}30¢({40] 50| 60| 70801240
KALMOR ¥ 450 | 480 | 500 | 530 | 520 | 515 | 500 | 485 | 480 | 480 | 570
Moisture (%) |86.25| - - 185.22] - |84.19| - 182.54| - |80.86,25.60
Residual : 1.30 Kg Reduction : 81,4 %
Absorber : Microbial and Active carbon bed
<Table 6-31> Time cource of KALMOR 2 (odor sensor) through absorber in

fermentation process for 7Kg solid sample B with 5% TM-1

microbs
Time (hr) 0.5} 10 |15|20)| 301405060 70/]80]24.0
KALMOR ¥ 470 | 530 | 620 | 670 | 680 | 690 | 710 | 720 | 730 | 750 | 790
Moisture (%) [86.12] - - |85.36] - |[83.95( - |[81.65{ - [80.41{27.60
Residual : 1.05 Kg Reduction : 85.0 %
Absorber @ Active carbon bed
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<Table 6-32> Time cource of KALMOR 3 (odor sensor) through absorber in

fermentation process for 7Kg solid sample B.

Time (hr) 0.5 1.0 |1.5|20|30]40]|50]60]|70]|80]|24.0

KALMOR ¥ 550 | 715 | 800 | 850 | 875 | 880 | 870 | 870 | 865 | 850 | 720

Moisture (%) |86.69| - - |[85.26] - |83.60] - ([81.94] - |79.12{27.30

Residual : 0.95 Kg Reduction : 86.4 %

Absorber @ Active carbon bed

<Table 6-33> Time cource of KALMOR 2 (odor sensor) through absorber in

fermentation process for 7Kg solid sample B with 5% Shinco

microbs

Time (hr) 0.5 10| 15|20 30|40} 50) 6070180240

KALMOR X 570 | 660 | 700 | 790 | 810 | 810 | 790 | 800 | 800 | 790 | 640

Moisture (%) |86.60| - - |84.98| - |82.65| - |[81.72| - |79.25|26.81

Residual : 1.05 Kg Reduction : 85.0 %

Absorber : Active carbon bed

21 2] <Table 6-24>ol A <(Table 6-260= H{MBER U= BE BESA
BB KRR SREROA S8R Alojol RE ZE7 7% &2 2eg H#HEHA
o ol # RH AA RIE SEI MY BB dojd S ¢ 4+ A4

AA
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o AR BE:S M-1EE 27T 29 KHEMAY 252 RE BEE e
ygernz Z@gY 4M7 ddcta & 4+ gl

2 3 (Table 6-27>0 A= 10% Acide} 10% Alkali ol BER LAd=
217 ZEEA EBEM AEY Z$ (Table 6-24>2 BB EAI S st 2=
Ryl goermg 27AA BRI Ly RoT 4= o (Table 6-28>0]
A (Table 6-30>2 Microbial and Active carbon bed B& HWBAU Ao
(Table 6-28>¢ ZA$ 713 HK BEZ BY T™M-1E HE7t AMtel ol
KALMOR- ¥ Zt& 20001324 RE Z= 1T &4 &35 Harh

3 (Table 6-29> W <Table 6-30>2 4250l A 5208 Zt& vietuiad e} o
L Microbial bedol A L} 2 & Masking B2 AFZ2 A godrl

(Table 6-31>0]l A (Table 6-33>%& Active carbon bed B3 BBA AL ol g
2171 AMAZL=R 700004 8008 IS UEhiz gldern RE BEx
Masking &ol ¢loedAd ARZE =zt oM & RKKE HPdAMe
Microbial and Active carbon bed B& BRBAZY Z ¢ A& BERIZ RK
BE LLTE SAY £ Ao myymoletzn Hgrdc,

3. #: IR {t. Material Balance

7}. 4% 'E Balance

Microorganism
3.75kg/d Organic Material
0.03% » 1.25T/d
10%
Solid 12.5T/d
Moisture 10 T/d(80%) Y products
Dry Soild 2.5 T/d(20%

Moisture & Gas
11.25T/d
90%

A 4

Fertilizer

Vent gas
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1}, A E Balance

27T/
(compost)
5 T/8hr Storage tank
(3, stage)
0.5 m*hr
Fertilizer (5 Stage)

De odour tower
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BT E SE BE HIES w2t ¥ EH BR
g1e FF H

AFF7t FEE ERL, HhHhks tERHAR, oo wat BRE Fof
o kEAEEIN AEBRI FEA 42 mEH WBe A e
2o 2dolth, - &-40HE R ASE BEHY UYAE I
o, ANZsl MAM ¥ ALY WMot oot T MEHS HEMS
V45 Y U MERS UL AW, BEMNC ¥ S8 dolrh.
JHY AUE BEMSE HE FoM ueIY ol MIE( Hkolth, 1
U I HEBU EE{O iy Aol UF olstn BEH Wl oy o
ol we EFAS st Uth TY BN AERFo URY 4=
2eEsg Aestod £MolU HMTAY BRI A e UNE A
ASE wol WAL rh, EY KLY AZe wAstL, A4 o
MU RAuY dsuy, 2, oNel, BrzE ous FIY KRAR
2 AXNA %S KEHM KIS AT BMHEBRI Lol 4T WolHol,
HETY Al BEHD Qt ABolth EY EELE s WEED
olUz, BEHS ol HEANE ALsiUIAE HEL HBE AA F
I 22 BT HEHE BRALD F A&l FIta Loy BH K
WM EL EUHY MEET S5 BAES ALY 4 dch. olay BAA
& ooy ANAE Y Bere HE HuAy dHo] o2 A
Ay BABest 27U, 2 APS olAW AW BAPE WA o
$t7] St 5 & - £AE SEUSIPAA ujd VAL §74 247
e BAE 22HOE A%, 1 He HRY YVoT HE M o

= BEY 4+ QA ®HHI st BE BE

fr
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wiEkd A8 REHE L EBHARS YAt

F2E SHE BR Mt weEr ’BE

1. #F &

BIE/LS 3L 52 FRE BEYS L9280 2HERES AA %
ZLAIFIZ, Tl C/NHE B33, FERS BZE A3 ol &2
of L@oly HEo 4IRS vXA AZF Aedte el BEHE #H
Fisted BREAAIZA st A AAAAA Fde dydel Ha e
o FEMAC el FREBEHS AW FELE Fedta AHestd E
ol ELAAH REMNLE FASIRA st A tFEHIL Ut BESH
ofld EAE 4+ &t FREFEYS dUMHJNEE2A FREESY LHUR
WS o] LEIT A2 oA 1 o]&EI} &x B Mot U o &S
dol g2 wHIEol Yol LAY F Mol dEd dEUs dAF7t 2w
. BEMY ol &o] 7edtr fide 4 £ BREJ ELE, #3

%7 BUE L BHME KEHD AE, WEE HEHol Yolo s, I
3 A JUdes +8 HELBES AVHL, FHY 44
Ede ¥HAND & dojo} yrh

f

AFoME 5 - F - 4485 FELALY /RIIEHNE Tl LR
BAR, odMF. A HINE & FHC BE BES T HELT R
Brol HEABN ZA RARE VS AT d¥3=2vtE0dy 9 BHE
o} wolAlgoel AT NESHYHHE T3] #E AFES AESHAACE
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2. ¥ 4 ERFE

7. BE B EIE B8 Ft

1) -5 - KERED #SENERHE Ay HE

.o B .22 §E YA WS ALF, AR, o¥MF L A
ExA7 5 FRE BEgol cisie «€d U BRiALY BHES E435HY
C/N Ratior} MEM MEo] WASIES FEME Table 7-13 Zol E4%A

t}.

<Table 7-1> Mixing rates of raw materials for composting

Raw materials Mixing rates (%)
Vegetables 75.2
Fruits 20.5
Fishes 5.4
Food Wastes 0.2

% Vegetable : {White Cabbage 85%, Radish 15%)

Fruits : (Apple 50%, Tangerine 50%)

" %% -4 HIAELE - B2 22E BREY Bt o
sto] MEM(AB) L HMEMBA  Shinco(BAA#2), TM-101(FAM#3)& 54
wmstel MER Aelold LEAACE. Hus AL -9 F27A
oy 7¥E RABE BAs 9 o|BE AA Shinco, TM-101& H7Ists ¥
7] YELE 44T, SR ELE 104C, I FIFILE 40T, F/RT 2.5

lpn, ZVEE 16 rpnd] A A #E/LE StACH
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HEgE o HZEd SHE2HIY EEE FRIELE 30:709 v
82 ETYstd & HEHE TUE F /LN B UEANYD &A%
(A #4)E A 23St

3) BeARIES] AK @K

follM AMzZH ML ciste] 2t B FHE Table 7-29 Po| R}

ot

<Table 7-2> Codings of experimental samples

Codes Composts

5-1 EE PR
S-2 Shinco 5% 27} ¥
S-3 T™-101 5% d 7} ®ly)
S-4 4 Hehida &eix] Fy)

L. #IEe] HwE/ALBE HE

1) BERF®
Aol o]8H Y8 W HRe HEIBY ZAl:= T-N& Kjeldahl®, T-P
= HCIOy ¥, T-C2} HFBHWS dry-ash®, NH,-N 2} NO3-N= Devarda 324,

pH ¢ ECE 1:58 02 &Astgr}.
7}) pH ™ EC
H#IES] pHEZ LS M} ABAE 1:58 EsSI= pH 1:58 L A3ty

T, BAM 10gS A EetATo Y vl AWAE 50n8 Y3 3027 AE
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A 71 ¥ pH-meter®} EC-meter& o] &3t JE3I Tt

L}) Total nitrogen(T-N)
A ZARL Kjeldahl o g AAdlgon AdE iz o] AM

St T HALES HS04(HlF 1.84)F A& 3¢ 3 NaOH

L
mx

4 3
o] 45% NaOHE FBUSI T, KoS04 : CuSO, (9 : 1)2 HAFEYEL S AZXY

32

th, 2% 2418 M2 HBO; 20g2 BAHTE 5wyt Eo A& FFRF 1L &
o] dil-NaOHZ pH 4.57} |58 ZAsle, RAHFEL bromocresol green
0.5g3} methly red 0.1g& 95%¢ ethanol 100m¢o] &33te] dil-NaOH 2}
dil-HC1& A}€3led pH 4.57F SHESF ZAstgden Fid 2& f42
0.0IN-H,S0.2 A} &3tgdct. ojAaY Al g &u]3le Kjeldahl flasko] 2|3}
BAAEYEY 5g& 7133 Conc.HpS04 25me 2 71 o] Eo] A& HE7H A
AANEE 713 1 & BEAUch £3§ BRAA 23 AL 10 ~ 2082
de 252 Jldstn vty $EH ¥ dE JtE ¥t AL Kol
¥ 308 B EIHE ALY H BRECAN Uy I F FHFE 50w
7}t 100meE X L3t 2 % 10wl E 23l KjeldahlF

Su
it
lo
b
i
i
B>

Yol 2ABLFL IN-NHOAcHLE &Fstdon IJo HFy g2

the 3zt ol Az T,

o IN-NHOAc(pH 7.0) : ®] % 0.92 NH,OH 68me2} 99.5%2] CH;COOH 57w & &
GRS
H02 1€ 7} S Al 3to] CHCOOH I NHOHE pH 7.02 23 ¥},

o 80% Ethyl alcohol : NHOHE o] &3lo] pH 7.08 = Fgrct.
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0o 4% Boric acid : 40g2] boric acid§ FF 4o 5o 17} HEE 3},
o 0.1% bromo cresol green : 1g& 14£ 9] St}
0 Z g Al e ¢ 1.250g2] methyl red?t 0.825g2] methylene blue& 95%

ethyl alcohole] %o 147} HE& 3ic),

ojge Aadg Evl¥ F HHE FUY Columd 3o BEKS 22
$ol o lam FAZ FFY WBHS TVE F EX3FA Fof 7127 B7A
U=F pvje IN-NHOAc BHES AYF o ¥ Y LERAM 58 =2
24 7%t Colunn®] corkE do &AL AHIA7H BHES %W ¥
Columnil o] £ pH 7.02] 80% Ethyl alcohol 100m & XojyYm VAAZS
421 ko] H=F M HstAct. ethyl alcohol Al Ho] BTy F ER S oz e
7 500m¢ Kjeldahl flaskoll & 713 Mg0 2% 5g& Y31 &H4 300t S 7}
3 ohg A FBWUCE 4%-boric acid 50mE E AN ZH Mo 200mFE
Heg of #HEE Fdct. =Y AWK BEASETRE 10%L, bromo
cresol green 2W & & JI% % 0.1N-stb4 X&YYo g A3 LMoy
zZto]l UEetvtE A& g REXHRLE gt

2}l) Total carbon(T-C) % Hi4
FANES BRMEAAN o JH(600~700C)2 7tdstd Wzt Hars)
(A% k7 4 Hyg+ F3)ol Ak 2 #goN =23 Yy
¥e AT FY & RVNEE Ut FAE dFFE o EHE T
E7hUol "ol o 4417t S ¢t (550~600T)71B8 ¥ ulA Ao EolA wul
F X2UCt. FAEERYG Za¥ YN k5 S AP S HFAHE

—
™

8!
+
i
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op) ¢RUole] EX EMMB EX
dmyote) ALE FHYLE WEILLH o Loy A4S T

o 2M-KCl : 149.1g9) KC1& $F 4ol 5o 147 HES el

o ABulIui%(Mg0) i MgOE 600~700Tol A 2413 b stel desiccatore]
A AYF oAE B ol Buo

o WATZLY : BEF JALo T N/10 A& AL N/10 FAHUEE

Ao ol 5 E ZHA YL,

AR NOs-N 32 FRYS A8t BESA L, A2 e Ao

&yl sttt

0 2M-KCl: 149.1g2} KCI& FFFol = 147} H=F ¥},

o Atzlol 14 (Mg0) : Mg0E 600~700TolA 2412t 71 3te] Desiccator o
A AYE ol E A ol R AR,

0o 2% Boric acid: H3B0; 20g& BAWTE 5wl Eo U&= FF-F 149
o] dil H,S0.8} dil NaOHE pH 4.57} HEF 3y, BAERE
bromocresol green 0.5g3} methyl red 0.1g& 95%2] ethanol 100méol & 3}
8} dil NaOH®} dil HC1-& Al€3to] pH 4.571 =& Z A g},

I

o
S

rlo

o Sulfamic acid: 2g%] sulfamic acid(NH,SOsH)E FF 4 100mlo] o
3o Bt

Arte] FEE Devarda 2P o2 EAHFLAcT o] el Devarda ¥ F
(Cu 50%, Al 45%, Zn 50%)& At&38lo] ZadZeldolA wAsts tidy LA
718 427 AAE FALE gRo|olel2 BEste YRUCE HE3t 8
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REMBLE HFstAcl.

th, d¥dNAZE Do 3 WBRE WE

ImAE T4 AM BE 0.1gol 0.1N NaOH 10n1e] HEK S 7tste M&M
o2 AYIHAAN AN 1647 Fx F&F oS, BOLOEINS €2 4
Ao 3mlE 7HZA Conway unit ¢toll Yo &d4& 20~308 = RBEASHA

A2utEa¥E 4

g, MHBHER AT RWBRE WE

B AR 10go] AEK 50miE 718t BZAYZAYPAE o] &3t 70T A
2A1 7 BH HMHY ¥ AAE @B d9& FFTE 58 BETo
9cm petri disholl AXE & F 4 7wlE Y32 45 BFE 247 20714
Yz 5¢d ¥ BFRY Felo ZolE FHAsgvrt. olwl growth chamber?)
HEREES 7x0j2lod &5+ 28C Lt ud ¥ 5d Fo BFXRIY Fe

Zlo] & o] &3t G.I(Germination index) S F3}4ch.
3. RE 9 BER

HE BES 23 £ HAee By A BHRE UF S AT
dP A2t} g Al So thy REHE RAE YN HHYBERBRS
BB &HFolct.

7y, REHE AR

1) ¥#Be HELBH RBE
—f BEY BB K3 BF 30~40% FEIAT 2 AFL 712 9
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3 B MM RES AEos wiEo £Eo 4.0~6.9%2 IR

H Aeidct. 2822 oRg FY Aol AHdsde UF AxEHA 2
Ay = 2F4e EAde AJE 47 k. FLEF
B 30] 2.5%2 1R we & W2 E TRIIL Yk T-cE R 47t o
2 #stol vyl 48.3%x uoton i RAMEL 42.9%01%9 T-CE /T
Aoz Uiyt C/NEgolA RY 2F EHKIY EEY C/NEE 10:1E B&
b o] RBE 200124 olF REHKE Aoz AT WHKE HIESY pHe
HE 55~850H, FPAHA THHEIEE pH 6~80 o] Felrt. 2y &
Agold AAE R 1, 2, 32 pHrt UF utol o}F REHRE LA
o, RA¥ 47to] vz A REY FoT Uetuch #ARY ¥ A 33
T8 RAog eyt BB 4= EEY SAEAAINE

oﬂ-l
flo
&‘
o
oX.
o
2

| W2 o] A& A= Bt

fespel £Hol WY FAFILEY K, NHy, Ca, Mg 59 REES ¢l
X B E&Fgo] AW 245 YolNEE Yol YRS E LBS v F3A ¥
4 ot gleld AmER BRE 1o stY WS JolAVEXE YR
lom, RK 471 thE Asol wisl st HA YH}HZ de A& & £ A

BE OB OHIEdL AN wEABYE ZAZANE AEDES EES] T3

<Table 7-3> Physico-chemical properties of the compost

& TN T-C 0.M C/N T-P  NH -N  NOy'-N
Treatments
(%) ratio (mg/kg)
S-1 5.8 2.2 43.5 75.0 19.4 8025 360 14.5
S-2 6.9 2.4 42.9 74.0 17.9 9950 332 10.7
S-3 5.8 2.5 43.3 74.7 17.0 10310 150 14.7
S4 4.0 2.1 48.3 83.3 22.6 14410 178 15.7
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<Table 7-3> Physico-chemical properties of the compost (Continued)

EC CEC a8 cation (cmolc/kg)
(dS/m) (cmolc/kg) (%) Ca”’ Mg~ Na’ K

S-1 4.1 57.8 56.0 0.39 32.5 8.2 6.7 38.8
S-2 3.9 62.7 50.8 0.24 25.0 7.1 4.2 34.6
S-3 3.8 70.1 49.4 0.40 36.1 22.5 6.8 42.5
S-4 6.7 58.5 42.8 1.81 71.3 96.0 30.9 23.9

Treatments pH

S-1: B35 =y, S - 2 : Shinco ¥ 7} 8]

S -3 : TM-101 A7tE Y], S -4 viehdTses FH

+2 <Table 7-5>%} ©vlalste] B H@Y o] M 12 75.0%, &AH 2&
7T4%, BB 32 74.7%, AK 4= 83.3%F FAFZ A AHAY FHE
A 25% o] ET Y woerw {E] A w7 50 o]t Hul g
THZ2 S-1, 2, 30 1% e g FFAF FHYINAAR, S-4& 1.8%%
FEAAY FAA ooz zAristdrt. ol £EE 1YHA YL AEF
L2 AEY Ayoln, SAEAAZI R RRHAI d ol
(Table 7-4>ol A #JES] HEL&B 882 FERS FARo uxzx Rile
AY £&Foldct. 2YUEE FEMOE UUY o FUBH EEL RS
FAEuE #EY ZREFF Fyustdct oy Ksafol HEAT
Hlstod 2t Az2FHAUI dE +EUVES 2FstE, FFAe HEE Ao

t}.

il

Cf.

[+]

2) 4BAA I 20t ED ey
o] el BEHt# £ wonomer componentE S Al HAMEHO olZHE
Rtd, 27 HA Ut polymer componentEE O] FEHA ¢ ItfE do}

2@ White-pink¥ & W A& ol 8% ZHoltt,
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<Table 7-4> The contents of heavy metals in the compost

o As Cd Cr Cu Hg Pb
T mg/kg
S-1 ND’ ND 12.2 18.2 ND 5.7
S-2 ND ND 7.5 2.1 ND ND
S-3 ND ND 46.0 7.3 ND ND
S-4 ND ND .10.9 213.5 ND 66.5
Standard 50 5 300 500 2 150

% : Non Detection

<Table 7-5> The korean standards of by-product fertilizer, compost

o FHE faldE

TE | gaas) Aoy 7IehiA Wl
H] 4 S0mg/kg (¢ 718 of A | SAE 2JE HuY
Ft=8 bSmg/kg A0 H]7} 50 | HER AMRIIE Ao

gu) | 8712 25 2 2mg/kg oltel A Q7 %S XY £
¢ 150mg/kg  [x GRS 1x0] | glom A E 274
AE 300mg/kg st 2 AU &S EFc(B7])
2] 500mg/kg H 7] 3} ofglc}

e SRS IA #H1996-39%,

FdRUIEY e EAAALY W AR AHAE

YA A= utE 2T o] g ZAYPYL ot} Lk, REHREEE A
H-EENe H3, A2 4¥ S oFH, dF: ZAL Wrh. IR 755
Bl g Z9PE B2M-HuEMNE Hi, dH2 EFYY el & Rojx,

2 BEY Yl HFE ZFoHFA Ao

0%

oA Uehd
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23 : HEld], Sample 1 : F 37} ®u|, Sample 2 : Shinco® 7} ¥ v
Sample 3 : TM-101% 7} ¥ d], Sample 4 : He YT & YA § b

(Fig 7-1] Evaluation of compost maturity by circular paper chromatography

3% [Fig 7-1]& A¥EE, 272 2L EF3Y FURLY ©H F2
7b vElstent, BE 1, 2, 3 YFANIAZaEdd oM E ol 9y
5 2l & UEtdct. 23 EE o] #IERAKME ol XK
BE ez wmchdch T2 BB 4= o] EFANY EWE Hol7 o

ol thE A# vladd F o EHol olFoly HAeog gt

a2
44
»
it
e
iy
rt
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3) MY BHER

HIES) ¢FE S HFUANdM FUHez Yyrd £+ e FEY HEL
T HEHHgp NEe] HETFE BE BRFRY el Mt PO E
23 HEEY ARE UntslE Ao ANME 4539 7o HTFE ol &3

o o] BRE@E +¥sAUACt

7H) EBER

<Table 7-6> Germination, root growth, and germination index by

germinating test of lettuce and radish seeds

Al ol & (%) el 83 (cm) G.1
Lettuce Radish Lettuce Radish Lettuce Radish
S-1 0 55 0 0 0 0
S-2 0 61 0 0 0 0
S-3 0 0 0 0 0 0
S-4 64 80 0.91 1.11 47.6 32.2
Blank 71.5 100 1.71 2.76 - -
MYBERABS #HIB BAEY A E Uy REHS HFHLE FA

BY £ S AHAY HIE BHBE Brdelct. ANESEES HL&E, tE
dF 2 FAE FAHYBY REAKRY MES HY
HEAA Nt225E AT}

FEH o] ¢ Aol BolAd RE 1, 2, 32 BFI/ A =HA Y
Th, 2@y A Aol 7Y R HE 1, 2 Z47 61%, 55%8 BFRS R
ol ae A4 Rolx otoem, R M= RFZ A HA U
otti., — MO G.13gkol 5001Atol® #IEE Al&o] Jtesio, 80 oY
ol ZH#IEE AEHT. 2182, EBER &AM 1, 2, 3, 4= A9
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WA A2 2oz FRAcC. W B 4& FEFoE mgHEAY,
G.1Zko] 500]Lt 800 ml XA Rl HIEE EHEI & o d L BEEolL).

4. B R

FH-TAE RIS RUE HAEY AHeld BERAS 3d &
E BEE 3o HEMYT RAH BeHYddy Ay EHRE VIS 9 o
Ya=ntEdegy d RHERESL AEAd Uy REH XAE YN AEESHA

& AAstdct

HIES YEMEBHES XAt FAEHE #IEY TIAFAN vaside
Y AR SR RAB 1Z 75%, BM 2= 4%, BE 3: 74.7%, AE 4=
83.3%2 FTA ALY FHL HLFU 2% oA Hr HM gon {7 B
A2 w7t 500/3tolH, B 24 UFE HERS ool oz x
Xste A& ¢ + AUk, 2y dEUFAA S-1, 2, 32 1% njneg 3
BAFol AYstLl, s-4& 1.8s2 FTFAFY FAA °i%°lﬁt}. ABHo
E RERE #IEL ABes s-49 dEUZATE At BEDES #IE
o FREAFAE THNETtz ¥ 4 Tk, ZHU AR 1, 2, 39 pHIF Y4B
3, A E 4E USHEE RIE o8& otk =Y HIEY kEH T}
E Y%A aZnEadnE AYUY A AK 1, 2, 32 o7 REHY R
o2 etEo, Bb 4= tiE RBe vastyd F o EHel AYY Aoz
UEbLiTh =R MR EBEL HE iy REES SA By £
AEFEHBAA doll thdt Mgl G A golaBold RM 1, 2,
32 Ad BF/ HA ddon, |Eiitko ZT FoAE R# 1, 2004 2
T 61%, 55%2] wol& & Hor Hao WES HolA UUT RN 304
T dotsh A HA durh Y AfE B B -2 - 548 g2

st #7148 sZEL 583 fFpel R MBS ¥SHA Yoy,

fr

N
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BEBBES T3 BHol fAI o FolAA Yot vdE AME HY FEA
o] g7 o e dejdcrt. U Lol 2P & Ex WHKEA A¥]
4 AS: B MAgd BAUl AN ZAHBA AT HEOIUL B
o] GEI WMES SUSIA HEY £ Adtt. 2HEBEE Fgo] st B
AWwes MmIESIAY, THEENEE AT MUY= A% HEE &R
®E 4 At
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10) 23 ZF, 1995, sAAEE L ZAIE

EIM EE BERE MRS IR BE

1. F# #

S utete iR LW Aol FUHoE RIY Aol e
2 W2EHE FRBEBEEMNS KIEZ AV LMo Busis e BAE
Aot SARAE FAol HAY & Y= Y AFY FEolen Ay
FREBEEY HRY BEAL dds A5 B4R oys, 43
HEQ HIES] EHKES Bt e FRo uwel MERS HFsol v
th ol AEE Sisle] o5 HMEMEM FUFOL AR sHHux
o A% YAHoz mEHo W, MZY KLY A Lol TE LW
BB RRHES FH RERBS oo LIEZ 4 HALS B
oF "t

2 AYPAE YEt T FAn A2E AR frHe KERY EQ
o BB XRHEES Yotnysl dste frw RERBS +2s L),

2. ¥ R FE

7b. BEEHH

1) BXE BB #E

Fo&oFANINE Sl AR "ol WAHE M2F, AR, oHF, &
AERNANE -] 2.9 Fesldd FeE B ABE FHE, o

B EA A Shinco?} TM-101& ZtZ 5%%] H7slo] @MEBEHSE BEANY B
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F B #EL Ade) dudd oy dEL
sto] wERLEAZ #IEE Yo REABS EESIACH

mlo
>
i
I¥
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2) ptA LB
fedp RIBE Y WS AHERT RMEE #HAWd LEY EEARK
EBHAE WRRS HRRZW WS FASIAC.

. ZERFE

1) £3 pot BAF

BEARE BNAE WEAS HBIREH WS Ao AT F
+HAME 2on o] FAAA 1/5000a8] potoll M FHRF A Hol A&

sl

2) #IE 2 LEREM KE
Zt REHEIES 10a¥ 0, 1.5, 3, 6tonz} BITES 571 REEEZ 1/5000a8]
potol A3t s, HAMFHS 4T FE APt RTES HLEEME
Table 7-7olA K& ule}l Zo| HIEE HERES 28std BWEIAL2H Ay
e 25cme] fFEE ZaF TSt MEESIATE. EE AMles R
A9 BB 1, 2, 3 48 A&, A3 Z¢ SAHEMIEC] ¥ ¥H
Hol €2 HE7 £& o2 Uty & s-47t Au|sigvh. #IE U {LRBE

HE BEY ¥ 15747 S FFsto AQ ¥A I

<Table 7-7> The application rates of chemical fertilizer(Kg/10a)

o R N P K
Radish 15 10 12
Lettuce 20 12 15

2\ : Urea, P: €44, K: ¢d37te
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7)) B RE
FORE EZL 23, BATE, # #E BB 1, 2, 3, 48 1.5t/10a,
3t/10a, 6t/10a2. 8 A| &% 57 REEEZ A 1/5000a2] potofl A RIEEsIIr}. .
thZFole LEIEM % EIEES A3 &3t gt HFEY Ak
15kg/10a, {14F2 10kg/10a, 7}el: 12kg/10as R Aslgcl. & EF= HER
ate] dElZFEE AEsId, 57 REES 398 oz Alxsgr),
) dE RE
e 2 ch 27, BITE, #IE 1.5t/10a, 3t/10a, 6t/10ag A &3
5/ BEEEZAN 17 REESY TEHS 1/5000a8] potg A&ttt ol
© fLEER L #HIEE A AL&stA dgkct. HITEA F2E 20kg/10a,
A& 12kgs10a, Zel& 15kg/10aE Al &3ttt 43 ®EFL HE ALY X
g E ARSI, 5/ REES 3WUE LR MAsidrl. A43gue g%
ol MYyl 4y fFPolBE JFAEWH/EC tlyd ¢8H 4 HE7}
& o2 UTHE HB 48 o &3l AHEs AT

re.

fllo
P

4) L HEM RERFE
THEABMRRE poto] Al 0~25cn8] EYSF M Heold 1B 22T ¥
Tyt 4 ABE ALE st

5) +%e HEILEH AE .

Aol o 8d LHe HEMABEYE FHEES T-N2 Kjeldahld, NHS-N 2}
NOs-N& diutFch &32%, pHet ECe 1:5, X84 o] &2 IN-NH0AcH &
L2 A 2H U, Doy dFT B HEHEBH HEY ST HEo
2 AdAstd e, Av. P,0s&= Bray NO.1%, T-C& #7]EL Tyurinyg, EA L

AN 22 HFstdcnt. 29 dEEHA 4 A@YFo|y, EAuyol
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T2 3¥EL otefet Zrl.
7}) Total carbon(T-C) ¥ RF71&

$7EL Tyurin o2 FAsIgdon do oy RES thdat Zo] A
Z3tETh. 0.4N Z2ABAZABA BEBEL Klrr 40g& FFTol 59
127 HEE 8t of7lo] Basta USF M M3 1T HS0(¥]F 1.84017)
128 78ty A zsgen, 0.2 A A1l URE BES ARF
Fe(NHq)2(S04)206H,0 78.44g8 20me 8] Conc.H:S042 ¢l 300mee] Eof = v}
& 2548 s 128 F&stArt. BRELS Diphenylanined AtE3H L

o E 20m¢o] Conc.H;SO0; 100m¢& 713t Diphenylam -ine 0.5g& o A2

olAte] REL Zulsle, AE +H RME 200 mesho FTHAIA 0.2g&
A3 282 7o FAEA LAY BAER 10xE 7t8t4

T}, 28 52 €3 200CHES Sand bathol A 71 @3t flaskr} ol A

X7 Gy Azstd, Y] 5T FA iy A FTHS 150l

¢} 5m¢ HyPO,, EREBE AFTo|ZE 5~6%g 71T F 0.2V Al 1A 4=

¥ BEoE FPslant. AP FUERLS BRY FIRNo E¥AHAES AA

ol ®H o2 sl

) ERBREE

EHBEe WELS Bray NO. 1Yol o3 AAstgen FMeo] oy AR

t}& 3 Zol A zstdct

o NHF-IN : 37g] NHFE ZFF 5ol 59 1L7 HEF ol

o HC1-0.5N : 20.2m2] HC1(¥]2£1.19)& FHFTE 5007} N EF HA3c}

(lo

o H3B03-2.4% : 2.4g2] H3BOsE 100m¢ FF ol &3 A Uct.
o Bray NO.1 2o : 15m¢8] NHF-IN®H3} 15mee] HC1-0.5N& & &4 3t
1 2828 73l 500wVt HEE BEBUC

o Ammonium paramolybdate : 250m¢ % § 4ol Ammonium paramolybdate& 0]
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3 100mee ZHF 4ol 0.2908g2] potassium antimony tartarated ¢lcl,
5N HMEAWH 1,000meo] 918 F BHEE Y1 FHFTE 713 2,000ut7}
EE 532 %432 A BAYUCT. o] BAKE Pyrex¥oll Yol Wgdso
B (A o).

o Ascorbic acid : 200m¢®] A]e} Aol 1.056g¢] ascorbic acidE® Holxn #
BEAste BHBMBERAE(X Y B)2Z AEYct A} B 244 o] R
Y 4+ ¢yl wiEol Loy wioirh thA] gEEojok gt

t}) E 4
HEHES ol&sld EZE WESILch WA SHBEAM 5% Sodium

-hexamet- aphosphateE® ZH|¥ Tl& 2mm AME BHAZ AEMEE 420CE

tdste FRHS AAT F 100 A Et2Fo] e SEHBE 200

g Jtst] 18417 A=A st AR F 143G &A 1L2 F &3S

821 ¥ WEItATH. HES WENZ Adddue] +£HE 270neshN ol A I

B sl BRAA Ry FA=R WES AT

gh) B-45 £F, KEFAE
Rol A3 Ay £3& ZAsl] fdo nFY F 25 35 50d
of ZBEHAE, /AHY, £HE, ER, ER 5& A& A&l E RAE

A, sH¥RAE 4 REEY 34¥S AXENILeH, 4 REEY FH

ERS % ¥ F #AESHAC

3. RR Y BR
7h. #EES EH AR

Zt REEO (LBEM HEES AEL ¥ Y RE ¥ 29 B3
B3y S4& vlasty, FY ASo s $¥& AR
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H13te, BIEAI &2 fFPRTEo WE B E 3
83 B4y HESLE vz ZESI 935t Au]A EY(Control), Hl R
§ Ayl A F] EG U FHRT Y o BEYS 23sle EMz

ZE el A EG2 UEE AE F ASUE FIANPA 1087 RE
ft 712& AY F AME KIS zastded, 2E Ay ¥ E¢L 2
g HZ +TY F RABE YAt zasdn

<Table 7-8> Physico-chemical properties of soil after application of

fertilizers(Radish)

Exch., cation

Treatments pH — OM EC T-N- Av. Ps (c ;)1 ’kg) Soil
(1:5) (%) (dS/m) (%) (mg/kg)— idolalb — texture
Na K Ca Mg
Control 6.3 3.4 0.84 0.20 753 12 9 3.4 36 sLU
Standard 6.4 3.0 1.03 19 762 11 10 2.8 2.8 SL

s-1 1.5t/10a 6.7 3.2 1.46
3.0t/10a 6.5 3.7 1.80
6.0t/10a 7.0 4.8 2. 44

s-2 1.5t/10a 6.8 3.1 1.39
3.0t/10a 6.6 3.6 1.45
6.0t/10a 6.2 4.9 1,94

s-3 1.5t/10a 6.3 3.0 1.35

16 762 12 12 2.4 3.1 SL
18 785 13 18 2.8 3.6 SL
21 1012 14 20 2.5 3.4 SL
19 775 12 12 2.5 3.1 SL
22 794 12 16 2.8 35 SL
24 919 14 24 2.4 3.4 SL
15 763 12 11 2.5 3.2 SL
3.0t/10a 6.4 3.5 1.92 024 787 12 14 2.5 3.1 SL
6.0t/10a 6.9 4.6 2.50 .25 1014 13 22 2.2 3.4 SL
s-4 1.5t/10a 6.3 3.1 0.93 0.19 1056 13 14 3.1 4.3 SL
3.0t/10a 6.2 3.4 1.15 0.24 1246 13 17 2.5 53 SL
6.0t/10a 6.1 4.4 1.70 0.38 1403 14 20 1.8 6.3 SL

o oloo oleo o ole;

(=]

¢ SL : Sandy Loan
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8o pHE ZE zju] A JKEEJ 6.3, BITEE 6.4, 13 HEEAR
Bt 6.1~7.002 <Atdua $49 Lol F RE F ELY pHe
BEE 6.0, HITEE 5.7 &4, EZEBEHE 4.9~6.62 Yopzch
R# 1, 27F AR 3, 48ct © pHrt Hold A& & 4 AT

S/ Egge FE u) A HEEJL 3.4%, HITEE 3.0%0l 2y, #IE
BAES 3.0~4.9% £&oldrt. fFHRE F EY RI/NEYT LS KRREE
7} 2.7%, BEFELE 2.8% MIEKEAES #EKARC Uold+E {AEYY
£ EQFe wolxle @AES EIAAY, 2.8~4.0%2 A EFHTE
stop A ct.

AAX(T-N)E Auld 0.12%5 £&AA HEAE F EFHPRJ Hol 0.15~
0.38% 2202 Z7H A2, EPRIE F 0.12~0.21%2 Au|d E¢Y F

1o}

& =& dotzrh.

<Table 7-9> Physico-chemical properties of soil after cultivation of radish

Exch. cation

pH OM EC T-N Av,P:0s Soil

Treatments (1:5) (%) (dS/m) (%) (me/ke) — (E?Jolcé{lf) = texture
Control - 6.0 2.7 0.64 0.12 574 12 7 2.5 3.1 sL®
Standard 5.7 2.8 0.54 0.14 628 11 6 2.6 2.8 SL
S-1 1.5t/10a 5.3 2.8 0,78 0.15 597 12 11 2.6 3.4 SL
3.0t/10a 6.2 3.3 1.20 0.16 621 12 10 2.5 3.1 SL
6.0t/10a 5.9 3.7 1.60 0.18 645 14 20 2.7 3.4 SL
S-2 1.5t/10a 5.0 2.9 0.87 0.14 375 12 9 2.7 3.3 SL
3.0t/10a 4.9 3.5 1.40 0.15 589 13 14 2.4 3.1 Sl
6.0t/10a 5.9 4.0 1,90 0.18 623 14 19 2.4 3.3 SL
S-3 1.5t/10a 6.1 2.6 0.95 0.13 581 12 8 2.6 3.3 SL
3.0t/10a 5.9 2.9 1,50 0.16 598 13 12 2.3 3.3 SL
6.0t/10a 6.1 3.3 2.20 0.20 654 14 18 2.4 3.6 SL

S-4 1.5t/10a 6.2 2.6 .30 0.16 818 12 8 2.5 4.5 SL
3.0t/10a 6.4 3.1 1,70 0.17 992 13 10 2.3 5.2 SL
6.0t/10a 6.6 3.3 2,00 0.21 1082 15 15 1.9 6.2 SL

[a—y

% SL : Sandy Loam

—=201—



S FAA(AV. P0s) 832 Alu] Aol 753ppm =& A, Al F 762~ 1403ppn

2z08 Zystdcist REAY F FHY EFL 575~1082ppn FELE

A% Uetuth oy WAL HEAH Udite]l ELF 283 H

AU, fEe 4 2 el APl wEEET Utis FACC. IE

2, AW EE F7AA FPANE tE2M AU EGF ALY
g2 & WAl HEESE A7 LR}l

ECte Alu] A 0.84dS/msEolM wlEAE F Sl Hol 0.94~
2.50dS/m4 &2 o2 Z7g st HEAw ¥ K@REI 0.64dS/m, WTETL
0.54 dS/m, #IEHAE 7} 0.78~2.200 2 dolFrl, 122 EYF €&
2 & ez ebglrt.

X %A ko] & (Exch. cation)2 HEERTI HEKARC Yord+F F7I
sl 2e 2 4 cden, B ¥ 4y e AES Bt ¢4
Na't WEES HBTERT RIEREE/ F/stded, REE 1, 2, 3 R}
BREE 47 &4 UEeldch ol AN Y4B IHERNAJNE FRI o
Zolg ugt¥ETh, K': Na'p A8t veixod, Mg REE 4 REHE
Eo HITERC A uEbRicl

S 4 (Soil texture)& Clay, Silt, Sand & &f@ols 2324 Ws A

¢

Sandy Loam& UlE}SiCE,

) A RBER
Az BE ANYLS B ARz e R 4 gBE(medae A HEE)L A
gsto] e ANV +Ysrgch. Au] Ege] uiy AnlA, AuiF 221
A e £8% 20 HEIEBE HAE ZAY ZAde (Table 7-10,11>3
rige
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<Table 7-10> Physico-chemical properties of soil after application of

fertilizers(Lettuce)

Exch. cation

pH O4 EC T-N Av.P0s (cuol/kg) Soil
Treatments (1:5) (%) (dS/m) (%) (mg/kg) texture
No K Ca’ Mg
Control 6.1 3.2 1.08 0.17 730 11 g 3.1 3.5 S’

Standard 6.3 3.2 1.34 017 782 12 12 3.1 3.0 SL
1.5t/10a 6.3 3.3 0.87 0.27 1141 12 12 2.5 4.3 SL
3.0t/10a 6.2 3.7 1.00 0.31 1240 13 14 2.4 5.0 SL
6.0t/10a 6.0 4.3 1.57 0.35 1486 14 20 1.8 6.3 SL

S-4

% SL : Sandy Loam

<Table 7-11> Physico-chemical properties of soil after cultivation of

lettuce
oM £ N b0 Exch, cation S
pH -N  Av, P0s (cmolc/kg) 0il
Treatments (1:5) (%) (dS/m) (%) (mg/kg) texture
Na K Ca”" Mg"
Control 5.8 2.9 0.75 0.13 602 13 8 25 3.2 SsL’

Standard 6.1 3.1 071 0.16 660 12 9 2.8 3.4 SL
1.5t/10a 6.1 3.2 1.2 0.17 945 12 10 2.5 4.5 SL
3.0t/10a 6.1 3.5 1.6 0.19 1142 13 13 2.5 5§.1 SL
6.0t/10a 6.2 4.0 2.3 0.23 1321 14 16 1.9 6.5 SL

S-4

% SL : Sandy Loanm

+ 5] pH
3, 6ton/10a 208 ALF L o} 6.0~6.308 Lelten, ZE xu) %

fr
2
il
2
=

A EBREEREV 6.1, BITEZ 6.3, &AM 48 1.5,
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ERBEEI 5.8, BITEI 6.1, &AM 47} 6.1~6.22 4 Yolxles HEAS
Uetwlz gt & Aol gdlrh.

FRpeES ZAE Ay A KREE BITEE 3.2% AM 45 Ay
ALE 3.3~4.3% £F oA, HE A F KREEE 2.9%, BTE:
3.1%, BN 49 Z$ 3.2~4.0%52% o7 Yol @RS 2ot HERKA
Bo] WolALE {IE #3o]l FUIHE ZF¥olAAT, A F EF &
A5 e £ otUdrh _

AAL(T-N) 32 2AE v 3 KRREEES BITEE 0.17%, AW 4&
AHelgt A$ 0.27~0.35%5 UEIW oL RF ¥ BMEBEE:= 0.13%, RITES
0.16%, A% 48 BREELS 0.17~0.2302 uyolAcrt, o4 #IEHmAEC] Y
4 AALYYE FUHAAY, A F Ego] ¥FRIAA= skl

BB 482 AExw A KEEEE 730ppn, HITE: 782ppm, H#IE
REREE 1141~1486ppno 8 (LBIEB U HEBAEAA 4T FIlE Ao,
wIEE A8Y A2 dA3 FriE At FAEAN Foles KREBE:
602ppn, {E{TE = 660ppm, HEEEE = 945~1321ppnl 2 % Z4s3te 7
89 Uelgrt, o AT £ ¥ EQo AHRHE ££& ol ).

ECZL Au| A - F Eoto] vt S +HY T EQAAAN F7E F

& 24 2ol YN E A
HE7 ey, HulF v dF7Y FFol H Aoeg FFHLL
(Exch. cation)2 ¥ Fol #IE HAEAA K7t 4% A4

@3, Na', Ca”’, Mg''& HEI AY GAY Frstdct
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EgEY 55 4257 gl
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<Table 7-12>

Changes of

radish growth rate depending on

rates of compost during cultivating period

the application

Length of leaf  Width of leaf Weight of Weight of
Treatments (cm) (cm) aerial part (g) underground
part (g)
25 35 50 25 35 50 25 35 50 25 35 50
Control 12.5 19.4 21.1 6.5 14.3 8.7 4.3 16.6 23.4 0.3 84 59
Standard 15.2 20.8 24.2 8.5 13.2 9.7 5.5 20.1 35.2 0.5 7.2 87
§-1 1.5t/10a 13.7 23.4 26.1 10.0 12.6 9.6 5.1 24.5 43.5 0.4 6.9 96
3.0t/10a 12.8 23.5 29.6 8.9 14.4 10.0 4.4 24.7 64.3 0.2 8.3 97
6.0t/10a 12.6 25.0 31.0 8.8 14.1 11.7 4.1 28.571.6 0.3 10.2 146
S-2 1.5t/10a 12.1 22.3 26.7 9.2 14.1 10.5 4.7 22,1 40.1 0.3 7.6 99
3.0t/10a 13.0 22.8 30.6 8.3 12.9 11.0 4.3 21.3 40.9 0.3 52 92
6.0t/10a 11.3 21.6 30.5 7.8 13.2 9.6 3.4 24.9 79.4 0.3 8.0 118
§-3 1.5t/10a 11.2 20.2 28.0 8.1 10.3 10.1 3.1 20.5 56.8 0.2 5.1 107
3.0t/10a 12.3 22.7 29.6 8.7 14,7 10.8 3.7 24.4 59.1 0.2 8.1 114
6.0t/10a 12.6 21.3 30.5 9.8 14.510.9 4.4 24.8 59.4 0.3 8.2 125
S-4 1.5t/10a 13.3 23.7 26.5 7.3 13.8 9.6 5.3 20.3 40.2 0.3 6.4 99
3.0t/10a 12.9 23.4 29.3 8.1 12.8 9.6 4.8 23.8 45.2 0.4 8.2 104
6.0t/10a 13.4 22.2 28.9 9.0 12.9 8.7 4.6 22.1 52.2 0.3 9.6 116
% Cultivating days
o] ¥XY A& & £ Udct. 23 Hu FHREEE BAHF YL L
S-4 ¢ S-3¢ S-2¢ S-1 =82¢< 122< 168 < 184 < 197 { 218 g/ea €208 £

ol

Bdae uay e 71yzd

% 7t = ot}

@ 43 £7F ¥ KERAE

—208—

oA &Kol H HEe UG ALEAN YA



<Table 7-13> Changes of radish’'s weight growth and depending on the

application rates of compost after harvest

Weight of Length of Diameter Total

Treatments root root of root weight
g/ea cm cm g/ea

Control 59 8.7 3.3 82.0
Standard 87 9.7 3.7 121.7
S-1  1.5t/10a 96 ' 10.5 3.8 139.5
3.0t/10a 97 11.0 3.6 144.0
6.0t/10a 146 9.6 4.3 217.6

S-2 1.5t/10a 99 9.6 3.8 139.1
3.0t/10a 92 9.2 3.7 132.9
6.0t/10a 118 11.7 4.3 197.4

S-3  1.5t/10a 107 10.0 3.7 163.8
3.0t/10a 114 9.9 3.8 173.1
6.0t/10a 125 10.4 4.1 184.4

S-4 1.5t/10a 99 9.5 3.7 139.2
3.0t/10a 104 9.5 3.8 149.2
6.0t/10a 116 9.7 3.9 168.2

3

3
!
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i, BT WolH 2L 15~20CEAN AUXA =7 wod uoly}

e

2, 30ColdeldE otz 33 ywhAch LFEMME =7t E
o), 2utel 37, £Em BE U g s P ey dch. U
2 43t FUYNEES TEHDL oY TEEHeE TezAT] ol
%

thole 223 Fd=zol oA Fodota ok Y& dolged

N

'~

N )
)

lo
fr

r

T Ko & o2 sio, Wol Folx AR HE Wy drl. A=Y £
T2 £FAN A7 AFE xAY F k. £ES EE stElA doey A

2% AAEY Asl497t e FUEME £Fol UMEES nidgo] 9

ope
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<Table 7-14> Changes of lettuce growth rate depending on the application

rates of compost during cultivating period

” Weight of Weight of
Length of Width of leaf :
Treatments leaf (cm) (cm) aerial part underground
(g) part (g)

25 35 80 25 35 80 25 35 80 25 35 80

Control 4.6 12.3 14 4.5 4.2 83 0.3 3.7 22 0.04 0.6 25.2
Standard 5.8 14.5 17 4.4 4.4 11 0.4 4.4 25 0.04 0.6 36.4
S-4 1.5t/10a 6.1 15.0 18 3.8 4.4 95 0.4 45 28 0.04 0.6 21.0
3.0t/10a 4.4 11.7 19 3.3 42 11 0.2 3.8 29 0.03 0.5 30.3
6.0t/10a 3.4 9.8 19 3.1 43 11 0.1 3.7 27 0.03 0.7 283

% Cultivating days

2 w47 2on AEJ 23 f7F0] FEY AAIE A FAFEAA
gEstE Aol Fo

BESIER R 49 AR & F3o £FHEE (Table 7-14>004
Bl upel i, A43E ¥ poto] 3F4 MEFY F 25¢, 35¢, 80UA HE
d O RBE AM2ste £FREY Aot RAK 4= tIE A€ e €2 &
NERAIE iy T 7 dEo] Fol M¥Pe] 4y FFE WEL
2 BHEABRS stact.

(Table 7-14>o]A R itulel Lol £FHMMl KREEEE ¢Bol 4.6cn,
BAELS 5.8cn, AN 42 AP REESY Z ¢ %EEAES 1.5 3.0,
6 Oton/10a® =] 6.1, 4.4, 3.4cn® Z A3ttt ALY FF= 4%
Reo e APoPAT AZol sty FAwy: FARYL F Yol U4
t}, AEdos ALxso WIS REBOIU @Fol AW APt /Y
ot #F M

the 2] (Table 7-15> 43 & S ¢=| 45, 52, 60, 70, 80 =} He

fr
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<Table 7-15> Changes of the growth and fresh weight of lettuce harvested at

five times depending on the application rates of compost

Length of leaf Width of leaf Fresh weight
Treatments (cm) (cu) (g)
Sum of leaf fresh
Average Average .
weight
Control 17.4 11.6 169
Standard 20.6 13.4 196
S-4 1.5t/10a 19.0 11.2 142
3.0t/10a 21.4 15.4 238
6.0t/10a 20.8 12.8 206

¢ Cultivating days

ThA Aol AA & BEEAA 974 +38 FFo st A3 3 o
& ie]:r_ ABRE +8Y F AF¥S YT Aol 4%, 5 ¢ A
ZTdoH 23] B 49 1.5ton/l10a REEE: HBITERC Zasigdor,
3.0ton/10a F=&olAH F 7= dct. 28t 6.0ton/10a REENN= H42d
HOF Rol A& R 3.0ton/10a FFo] FEMMEEI Y, 6.0ton/10a

2 APo e ughdch,
3. B W

B BB IR BB HEE flste] etz Fob HAnp 3o Ay
€ B3t RIES KAEYN AESY BEABE AFERE H¥ Rl
A A E G ol By At HIEL] A Bol 23St LMo pHY F
, EREBREC FNELEF ES pHe (EEEEIL 5.9~7.0004

4.9~6.608 Yol om, Ao AL, pHI} 6.0~6.3014 6.1~6.28 <tz

[o]
.
g B
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golzl = A %S uUetulch, AA2¢F HEHEAR] Yold4 S /RE2
otz o, ZAEANu Folk Zaste F¥L Ueiulch FRPSEIL 7
QA R NBAGLE A4 vz F¥E Yo, 2=
EEEBES EQET HEE ALY ESY AFL R7E, 2L /R
Qatzt x| ol 2ol sl EF ol HE B AXH
olch

IR WAE BEAMNE T 2% KEANE REET FAT 29
7 AAEHA ooy, H3E 4%, 23 W FF oM I3 AN 49
1.5ton/10a REES= BTEEC Z4astadert, 3.0ton/10a &4 AN F7HH
odch, 23y 6.0ton/l0a BMEEMNE Z4B 23 Rol AFAud:s
3.0ton/10a 4= &o] A A3, 6.0ton /10at: AFoz ot T HF
o] Mol HIEHARSL F7lol A AF2Ioe HE KFHKIU &
Zo o) AlEANo AU HolE d2H wUolet £FE AL
AEFENINE A4 E FRo] HIEE Yol ALY REEI JESHt G2
AU HE4E/NE ZA$F £F0 EHEstAc oY VLS 74
KBRS 3 AANE gchsh, sl el FastH A #EEI £
Flol oty MelZ wAE UEtd R2E M

[o]

—_—

i}

4., 2EXR

1) Martin R. Carter(1993), Soil Sampling and Method of Analysis,

Canadian Society of Soil Science, pp 529-555

2) AOAC. 1980, Official methods of analysis. Association of offciatl

analytical chemists. Washington D.C. U.S.A.

3) ol A, A71E (1998) SAEAAI HulY Ao ©E B BLEH
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H3 g BENY g8 Z4 J. of KOWREC 6(2) :81-94

B71E, 248, oldF (1998) A4 3 A& 4l 4% EGY AL o
THH Y d&o] WSENESY S Q¥ B HBY

of ulxj= %%, J. Korean Agric. Chem. Soc. 41(6):451-156

4
vl
5i4
s
rin

2%, FF2.(1979) F718uE A &ol wide B 483
% % EQY ELBH nAs Y. VIESu PR, 23(2):

VLY wANedFL, 1998, Eorrietiay

2%, o4, frmel FFe VA U MEH EPuLEA , E
e U AEBALo mAE ABI. wAEA HH, Journal of

Korean Society of Soil Science and Fertilizer, Vol. 25, No. 4, pp.

370-378.

gy, wEHu ALEI, 1994 , PFEFU U, pp. 49

A e, 7Y, oA, oF4, By YR Ago] EujEe A
% 4% U EQF SEAH nAE 4%, ¥IVASLNA, Vol

17, No. 3, pp.254-260
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# 8 & 50T/day Plante] ®i#& H&H(E)

EiE K R

Sl BE ESEYD U Hf 52 F4E KB KEHA
1N BEY URATLS W 20T/doll A ¥ 200T/d @EolT. & BREAA BE
stnAsls 50T/d RE HFEE AYA Ao S sdste BHA 5 -
Z . 2208 #HFEAAN BEHE R748 BESECICH weld X RERS
B2 dlo] RE AES BE wat REHE NAHTY WE2HET KBRS
dg Rez Erl.

A BB ALY 5 FAE LHH PEH T MLFE DS %I
2 oo BMMEMO T kol SEHA U] HEEI we Y
|71 BEBHITH

aYEE K s J B-& SHY A& BR 4SS %ELR FHEk
of 28 §713 HIEES YA BE B HRE R Al A oY
ANE EKY v EHEBE AN L EEAMC g Bk &= BHA
A "t

o]2} ZL Total ME AlAawo] Tl Z TR oizt H&E WA 2
EQ TS oo Uiy HE BE YCE HHY Lot ),

flo

1. B4 BB process
8% BEWE S ERS U A J&o Bl —HWEE I
&3 A 9t windrow process®t wabio process] plant EH A KRERME ¥

28t B t}2 <Table 8-1>2 i,
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< Table 8-1 > Comparison of windrow and

wabio process

2714 EvuiE ¥y

( Windrow A 7|18 )

7143 Hul s} gy

( Wabio process 7|& )

Lol B 347 £RAlHo] gong

1. 28527} At}
2. mhebd, otz 54 Aoir} fch

kL 15, 400/ 2

- fAelu] W28, 700/

A A A4, B4t 4o e et e,
TN Bt K AR i e
Mol A Ego] Erh (ol Gol 1wl 2
HIE §) = =
4. 333 YHE, 9 Sol 9% AA
9= gule o] Fct
5. 718 +¥ o] wolx 4B
o] glch.
6. AFFao] A £RF|
| Homg §x B4} 4rh,
7. oA 284373 (100~ 150kWh/ &)
olct,
8. stegez, HEMIE B
5ol ¥ Hels} shsich
I Ades £a¥A(EA)t 4
oh (#7144 R B
v2o] o i 1. 71878 Jol=7t gob 27174 o
R e | e ARl was
o OTEE TT Y 24, et wA gemz
3. o2l 5 Aei7t ek g dAs aA ank
4, oux] AN (30~35Hh/E) ol SE=S EILE TR RAY
¢ A © = 78S AE 23 (LEg)o]
i};‘ﬂ tak Abo 2o A 15%0} Q ‘)T:' 9»11:]'-
S e e T 2%t wa, sa(wEelene)
s} i} HE Helst Yot
6w amE ols 4z el 3 FdNd Az w4,
SRV S I L P L)
sl FY, H4 d]§o
gol =t
1. 27] e (XA A |1 27] AU 2ol (D 84
P Rz #ejule gl T o}

- AAMn) W23, 500/ &
- fAlZeH] W15, 700/ 2
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2. EH¥ BB process

B ' &Y I Y BMEE BE BEWS 1960dci R RE =
A A SR Yol AR BRI ot olo ¥ By BB BR
< BA H9A 1969d0 RIIES BRK Bhdle BMK REE AE AF
oF WHE HAA 1980d0] EdAN= ERS TFol 105 BB FR ¥
B KR Rhsls Zleol MY HE22H @E( plantd= At ERS
BA Holct

o9} o]l EES Tl B> AHRHYE BWHo SloA ME#&E L3349 F
AALE At BEAANY #RE BHRY 44 % ERUM ol & 7lede=
BRRsle YU2E s o5 EHEo UY F8Y &S AWl WA XA
U BERTAY gt £ DAY IR BHE BRESNA FeAes WEF
S BEWoE 3l YoM WMELIN JtedtA =HAc

o9} e FHYE HHo Y PR 2HANe XE BEE BRI &
A HE £ R RE T Ho 717 832U 5554 KEGE B
EPpd ZBFole MEE T3 BEsSo RES dA 9 3 ZA £
S oA €& & & Uk, o]E RE AAH ¥ TAE: KEYA, &
B oA 45 <A, BR W OEH HAE EUT MAER DA, BRS FR#E
#EEM <A 222 BEsS B £3 A, 42 A, Kk BHE £H
T KRB JAE AAA Hrl.

7}, R4 BE process

SEE AelolA Bfw vlFol Y & LIRS BEAE B TPl
Y £ ormg oo Uiy BAMY #AHE ML T iy &S ZES]
of RAEHYE BA EEY 27 sxo uwel R £ 6~10%2 FRY RE
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2 HdE BAHE RRX IR 25~40%2 £8Y BEE Sd53: X 2
Fog Y 4+ orh.

HRE B UI7 BB welMe T2 ESB(CSTR), ¥ I E
(Plug flow reactor) W ¥ 7|4 WIKE (Anaerobic filter)2 2 2 HY 4
31 HAME processE= RA IEFAA Vabio(UHE=), BTA(FY) IE
o] deglil BR IR/ROZL Valorga(Z 3 £)%} Dranco(®7]oll) Z Aol wol
%R At |

A BRI U3 process:E TH FER 3B HWEBE 7 23 137
2 A Anaerobic filter &} plug flowS M A Y vrgrlolm T ATt FEE A
Fle Wyolct. wely A& R Bk, filter WAz 714 @ w=x o
8 granular TH WA 5 HRE &4 U] BHEK MEA WE WS
gt & 4 ot}

EY RO HESHA Y BRI dE= ARHY ¥IIAE 43 J&9
B8 & process GIE 447 fFA&St B A =W <Table 8-2>0] A4 (Table 8-7)
e} o] vl aE e Fct,

oft

32

v, EHTBR BE process

EHEHR processolld HEREJ 715 44K HE 27 M& Bf o
Holl ci® 7 BRE BA =d ojo] iy BRE FHF= 1980dch ol o
=3} 5 Yo] Captor, Linpor2li processE BH®E3FE 2 o] SystenEL %

# W E A polyuretane @A E Al&3}4rt.

=

1) Captor process
Captorol Al A 4 (25mA M A 7] Xo] £) 302 % 25mn X 25mmn X 12. 5mn

o wES AN o RESY 5 HBAY &3lAE Wel 1 Ko
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< Table 8-2 > Vegger Process

-+ = & 5 2 2 (%t 9] H] 3
ﬁi‘; ] % E/f’j; 75% | 19919 ®g A1
o o | A& 12 (&/ 25% oo AZmxb
Y 7hAolg 7120 A (400kW) &3l2] A&7 57
Rz old g ALE g ofuIlES
Z Wz £3 800 nf
MR 2% 56C
7 E &t 19 nf tanker
A FA| 7} 17 HRT
33 N el
e B\ diol3 (Vegger)
dlol=a (Herning)
2% 318 F 10% ojqt
1 DKK =0.15%
27] E2} (1985 DKK 13.4 Mill
| Tt (1985) : 169} 8007+l
AN AR H7E ol &3 Aely]| 30 DKK/nd 50% 4~4-u]
80% 7}A sioj
2 tle Tt} 0]
HIE o9 83Y £ | 49 DKK/ ot 20w 22
71 €}
1085/1986d W.W EngineeringAbol] &)t A|ZE] o] 1988/1989d
Vegger Energiselskabol] &]3to] Mm =l 471 ATt 749
QAL JtAAA WAy 223 QU ES F Y + UEH
3l 7tAFES BQ ZHoiw FHAI|ELY AARE HHEHQA A
71 et o2 AWE Hx 3l HertAE 34U £ URE ¢ Ho] FHo]
c}l.
o] ZWEL winjAy} xjeksls EUAA vlo]erta EHE =2
HME (10997] 7H53)e 27] AEFRY Wil 18 §rlade
A3 AR 2zxe ZHWE|]
(221 249)

1) Danish energy agency, "Process report on the economy of centralized biogas

plants”, Octerber 1994

2) Danish energy agency, "LUpdate on centralized biogas plants”, Octerber 1992
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< Table 8-3 > Wabio Process

7 = % = 2t B (2 9l v} 3
EAHIE 70 (B/Y) 75%
AAHITEGIEEHR]) | 40 (B/Y) 25%
8,470 (nm/¥d) EAHINEY 34
Eh7hA Bak(60% ojEt
HE HIE HlE7he Rl =) 7 (m/8 HE) | 2YRE BY A
L 712018 mrisa o) rheua) Faam i o Ag 5yes
A& 17,685 kWh/ o2 3= 2R
2] w .
Eig 85% (A =36x, @ d 24,071 Wih/ ©
WA B 750 KW
2 Uiz 23 1,900X2 nf Axe] 70X2 o
IR 2% 35C
33 Na Y 278 /hr .
1EeleA 9 £
A3% 27tph
(4 802 | 12 axq 2o o +ASIE o4 &
Al 7] EH (dXL 2900 X 8500) A7 SNz
gle] A9) Magnet. Separator
A FA12L 17y HRT
71 e}l
27] %2} (1990) $ 12, 000, 000 96 ¢l
Zp2u] & 60%
Hdu] -8 40%
the o &4
A71E T AT M) $ 45/ Axe] (18%)
T8 (22%)
A8 L $68/= HNE
cl c} Ao1 78/ i
H7IE w9l g3y $78/ sag maa
7] E}
Mz Aa 2= (Vaasa)
WEZ % 1L 15%
ZHEH Y 71z 11. 14

7] e}

1990/19910] A 14,000= (MSW 60%, 3l4-<&
& Ecotechnology JVV7} &) 23} &4

AveconA}7} ¢

14310 g

2z 40%) R S
slchzt 1991 F2

rE

19924

& @ 40,0008 FRE sl 929,

1)

(23 2¥Y)

1) Ken Fouhy,

2) Halla Engineering & Heavy Ind. LTD,

1995 (internal documents,

"Europe warms to biogas”,

confidential)

Chemical Engineering,

"Wabio process Technology”,
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< Table 8-

4 > BTA Process

T T 3 = 2 2 (2 #) v} ik
EAEHIIE 60~80 (=/4)
° 718 . e
-d‘i H7& slEksh A AAHE0% g 10,000 (ni/ ) * 32F CHP SHE
gl 7p2ol & (ni/E H71E) A4 o3
Hgt7tA o] &(x]Hhy) | & 59,000 kWh/dd
Ttz g
2%200 2N Ttz o
3 dazx &3 2N ANt wEZ
2xX800 m
x4
UYEZ 2L 38T
al
(;%ogﬂg Bag-opener Z3 w24
A “]7]‘; A H718 FA 2 Hydropulper H7IE Ad,
ale] ﬁgo) Hydrolysis tank aste] 4
M IEERE 209 HRT
7Iel OLR : Hydrolysi
Hydrolysis SRT 50 hr 20 '25 4 :/2/):;51
AF HRT 6.6 days ke )
27] =} (1990) DKK 80 Mill 96
H7|1 & e FAY &4y Data N.A
AXY AR H7E ©9l83F +¢Y | Data N.A
7] €}
AR B ln} 3 (Helsingor)
UEZ % APE 10% TS
REA Gesellschaft fur Recycling von Energie und Abfall mbH
(Rottmannstrasse 18, D-8000 Munchen 2, FRG)AlollA 73t 1991
Jed W 99doj wln}3a Elsingoreol Carl Bro/I. Krugeri}Z7} A]g-3te] x|
q; .
£ 22 The North Zealand Biogas Plant Co. o] 1992 94
IR = AR SR RULS.
(3 &%)

1) Danish energy agency, "Update on centralized biogas plants”,

October 1992

2) Hans Kubler and Matthias Wild, "The BTA process high rate biomethanation

of biogenous solid wastes”,

Venice, ltaly, 14~17 April, pp 535~538 (1992)
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< Table 8-5 > Snamprogetti Process

T+ T & 5 2t 7 (2 #l) d] i)
ZAHIE 200 (E/%) . .
EA 71 &2 s
Hlgt7hA AJAH(60% oRH) | 26,000 (mf/¢d) ;_qa: j‘;:;‘;;
dE HIlE . _ = e
haolg| MEAL ol g(staqiq) | T 1820 WA | o gyoln) s
% Theol g T A 53,000 Wh/Q o] 40wo] =
AHE 85% (AH36x, A H A &0l 40%ol &
49%) ﬁ 72,000 kWh/ﬁ _—.,_H-:}.
b gak 3x1000kW
2 iz 23 2,800 of 3
UFTZ RE 55C
H7|& AA e Data N, A,
33 ML | NqFAR 149 (Hoh) HRT
belt filtering to | 42.2 €/day
H71E FA e 25% TS, then 90% TS A
press to 50% TS T34 &7}
271 F=2} (1990) o] o] 4
w71 E el FAY &3]
Aa e | BNE DT £
7] E}
e PR o] ef 2] (Verona)
WER % I1YPE 20%
19920 & 2008 F2¢ ZWMEE Snamprogetti S.p.A. 7} A|Z3le] &
Al How Basliedch g 1994\ U7HY 1EA Task force report
qep | O 2Hd3Y BRe= ERHD Ak (2)
Snamprogetti S.p.A. - Ecology division - Via Toniolo 1, 61032
Fano
(PS) Italy
(%3 239)

1) C. Cozzolino et al.

process of organic solid waste”,

Venice,

Italy,

14~17 April,

Symp.

pp 551 ~555 (1992)

“Industrial application of semi-dry anaerobic digestion

on Anaerobic Digestion of Solid wastes,

2) IEA Bioenergy agreement report Task XI "Biogas from municipal solid waste”

1994
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< Table 8-6 > Valorga Process

T+ & & 5 A & (2 4]) Cll 2
L3 -
=71 0 (=) 18
ol A& 3H
o gt7tA A3AH(60% HR) | 18,200 (nf/¥)
45 HINE % 100,100 Wh/d ol TVS A A&
Y Ttxol g wgrkA o] &(7hAAR) . 3;5 000 Kfh/ <l 36%‘:] 33
[ o o Al ' 0
Eaf)g B (W36, @ | 0, o e | (AR a7,
ubd 22 1,500 kW
2 iz 83 3x2,400 m
e 2= 37~40TC
Screening
H7|1E AA e Magne"c, separator Capacity data N.A,
— Cr.'ushmg ancfl
© Air separation(?)
A F{A1 2 17~25¢ HRT
25% DM effluent 50 E/day
HA71E FA press to 55% DM' 55% DM -4
E|n|3} o] &
z71 ¥=&} (1988) 160%
HNE we] FAT 23] | 26,0009 AH2H| EEXY
an o | AE 2AEAT 24 [ 018
7] E}
A Z 4 xetA(Amiens)
WER % 1¥E 24%~28% £ 30~35%
1988 of Valorga S.A. 7} Al 23t 19%0d &)l Gaz de FranceZ}
014 Valorga Process S.A. & %3tz glon X suxal:s &3
Se} = —‘}’-*l% UM (Montpellier-’!:zﬂ)ﬂ?}.
HA Bz Azl 2H oz ofn]od 9o esleje} 2:te] Tilburgel
£ ZWEE Azt HIol: T2 P 23 FEE Ml
243tk
(332 £4)
1) C. Saint-Joly, "Three years performances control and process monitoring in an

industrial plant for MS¥ treatment by anaerobic digestion”,

of Solid wastes,

Venice, Italy,

14~17 April,

pp 545~550 (1992)
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< Table 8~7 > Dranco Process
+ = & 5 2 = (2 #]) H] i
EAHNE 0 (B/¢) 7714
HEEZFA ABAH(60% TIE}) | 8,400 (mi/Y) 483 FHoly
4= HIE \Wh/ VS A AL
0 aotas| HIETIA olg(aqz) | T 46200 WA RIS
1 FlAol & ha A 17,200 Whsy | 36%l S
Ei“% 85 (R=36% 9 | o 22,000 Wb/ | (ARG 47%).
W88k 750 kW
& w3z 23 1,888
Uiz 2% 55C
Manual sorting
H 7S AAe Hammer Mill Capacity data N, A,
23 AR Screen(40mm )
A FA 2 219 HRT
press to 50% DM
with 40% VS 17 E/day
7B FAe
g FAe composting E]d] (Humotex)
2~3 Week
7] =2} (1993) 150k &8 1009 ¢4
H7IE el FAY 3] 1,000 3 $85(22n)-&x23)
A Ae IE DHEAT 2 [ aly
7] E}
A3 2 2] 2](Salzburg)
WEZ % DY n] 4 54 30~35%
1993 ol owS(7]1of) 8] 7]<#|-Z2 22 Salzburger Abfallseitigung
GmbH & Co. KG7} }—:‘,L }ou] 49 119 A 230 57} 67H-§7F
71E} 15 000 =/ de] g3t AL 19944 7Y ol F FALAHEF n)$
T TR %i”l"l Jlom A3t PoR ’QEHEEL 31011 |
7l°i14 Brechto = SHEE A Fstch
(2x2 &%)
1) H. Rassaerts and ¥. Lutz, “Combined anaerobic aerobic treatment of biowaste in
Salzburg”, Symp. on Anaerobic Digestion of Solid wastes, Capa-town, S. Africa,
23~27 Jan, pp 132~136 (1994)
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BREAAN d5d02 Ao E#HI WA £3AE Helx I #o

BEMSE €39 &8 Systens FAsI2L gth.

f

o] SystemS #ESII] wiEd BN £Z2 e 4 EAI AdLdL
1} A 2ol A2 Full scale & AHoA punpE A= WEE REIS

System?] EA ML mESA HAow oFelde 1989d H2E WA LopF
o} Exoft}FolA alF 80,0009 M TK A oA Full scaleZ B
B &9 Adrt

3 A FAFA EHH Pilot sacle EBAME 0C~10TeE ¥
KkBolAxx BOD BrEx ot £ KMol Zle stttz sttt

gl 1984d Reimann 5 WAL nldE EH#olels A@EAA 15ERH
d4 AgE HmE AR BRE uLEY BRX BH HEE I Y A
TE2E HHE UEBo] 238 BME o8& &= HI Captor processol A A
H OEBRS A €2 KRUM BRE SoMd MBAIL dd BEH] B
fol Bojxx ¢t AL ¢ 4 gt

ol Zo] Tidtol: BRMAY AT WEo sy KB/ AEE MFEHA
deZ HE FHyL wEA HASIE R A3 BMHE Yol EH K

TE o272 UAY dde2 dEH2 9l

2) Linpor process
Linpor processol X & i#ige] WMEENE HE UHd 479 FEE F

o IR ANLHE B FHB X$£E 12mX12mX12mo] gt ¢H 9
ZolE 10mmol A 17mm7/}2i Zo] a3 AFE 38~507tA|ojtl. Linpor
process®] WAL A e 70,0000 e sl REHAAN FEK
30%2] w7t E£UH Full scale planto] A= BEH olr BODY EXRY
SA MAE BER3tA F FB 77 98%2) 68%2 BRERS 7| F3Uch

olg} Lol BEM UolMN RE KEo I Hcie A2 @Al RERAM &

ijo
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b8 Zlol i POW F7LFol BE WS AJ/NAM &do] #FHYA
Tt #& Hon o] processo Uslole BE HENME 7l dF7 &
B Folct.

3) Bio-tower process

Bio-tower processt= HZEOIA BIBE RS2 Linpor processS BHY 2
o8 ZF3E den 1986do] K HE Folth. o] processolA A& H
#¥E= 10m X10mm X 10m, 20mn X 20mm X 10mm, 25m X 25m X 10m & REF S
Ester#| 9} Ether#| 2] polyurethane®| 7} A} 9Ot it EEH# S Etherd 2
of @FY Ao Urixton =Y ML 139 FE HE W BR BoY
F8& Bk A 10mm X 10m o] w7 FHFH 2 ).

w2t A o] process® FEtolME & A& Mol uwel AM ZA
F otie el $EE £ 9o BOD W AHE 0.2‘~4.4kg/m’dayi E
B oot RE o BEM HolAde A, YA ZEFHR 9o
Th el bR A2 mEE AY REY RPo] Rolx goy I wEw
ol & 5.9kg-NO2-N/MLSSkghro] ©3 BMEE Uelhugcl, 2822 o: il
o] MR WA FAFRY Atolol Actist MBol ALS ¢ 4 YAr).

4) #HE &8 process

ZAE ®B M YN BRHEANAANY 5 Helsl o EHEsla
Captor process, Linpor process, Bio-tower process 52 B8 #@o| 9 of
Me 2T BE Sche EEWE WAool wWe A Jdoo HE S0
Ustols BRE oM Wi WMI F27 A7A Hd REo Qo] E &
8% F£ ZALE Ho orh. wald BEW T2, AV RIo HEE
o wix, BR ZEE AGHY Lot drt. dg3: Zatst ThoMdE 27
Zo] polyurethane A £HE HBE T YTl uwlal #HMR#E Bulkingo] o
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g4 ddem oluf MR HEH A FHez A HY #
2 FAAT BEM FELE 40% ojZ EAE &
ASHA o ##Ro] A7 wAATct. E3I Bulking H A EoIA 15%9] i
B =gz 30 HE TU ASE 4H&US o 30%2 FFV EAMSE
Bulking g=jol #E7 1o}t ofd 28 o2} Mechanismol thzf A& ¥ A

(2
piz)
flo
>

2 %3 STt
9ol W FIA processo] tidled o7 71z wo] B derng o
of tiyt & HRY Hsol Hdlo ki BES EA HF i (Table

8-8>3 rct.

< Table 8-8 > Characteristics of porous media in aerobic process

AFXIE FS chAtul 4=
) A Ak el A7 A 2~ A
el BER ECIEE N E RGN EL L
HC .
%(ZEH? 8718 A3 | 20mX20mx20m | - | Q34 | ABEA
25mm X 25mm X 12. Full
CAPTOR oym, my | DWXBmXIZE )\ o agee | P
mm Scale
§714, A3t Aui4, | Full
LINPOR 12nm X 12mm X 12mm |38 ~50
gy " . " 2 A4 | Scale
10mm X 10mm X 10mm ol Tuj 4= Full
Bio- tower a7 20mX20mX20m | 13 | =o't Y
Z A4 | Scale
25mm X 25mm X 25mm
5mm X 5mm X Smm
2 e 7= 3
%?zﬁjﬂt} ’Tﬂz;‘m' 7TmnX7mX7m | 20 | elZujd | wya
e 10mm X 10mm X 10mm
At
g g;? 2712 A% |10mx10mx10m | - | QB4 | 2YA
o3}
- mmf;?i) 12X 12mX12m | 38 | Qzuja | Awy
(<)
Bl 4=
i-Bi o 7|2 Full
A;tltBlo R lzﬂﬁi}, 12mm X 12mm X 12mm | 40 | EXA 2], Scule
a
ysten 2394
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5) Acti-Bio process

Acti-Bio process= Wil MBE Y &3lzdo BY Aoz Zast 1k
B ITH XBY J 2=Y aso 3] REH] H2E% BAKEE LS
AN HEol VY AYS Wl BELE o 30%2] HWES F U FRP
el KR 20, FE 31518 EJRE FKke £9% BE SHo €A WH
Bk 233E& TIAEE 3l FEHE £3A BAEKS 5598 FVARA
E#EIEHA 5+ Fiol BRUAESF Hol Art. oo MA BAES
29.48m/day 2 AT WES MES 20hrthE 4.06n /hr o] m FHE HE
97 dgol F71z29 RK HA HE5S 8HE 3.3m/hrollct, olo] gt &
B H#e S <Table 8-9>% 2t}

< Table 8-9 > Efficiency of acti-bio process

& = 4 g

pH 46 7.0
BOD (mg/ €) 681.7 8.1
831 4BOD (mg/ £) 419.0 3.3
COD. (mg/ £)| 11794 48.1
£ 814COD, (mg/ ) 536.4 35.7
FAA (mg/ €) 335 3.23
ag da (mg/ ¢ ) 324 3.18
NHs-N (mg/ 2) 2.20 0.54
NO«-N (mg/ 2 ) 1.07 0.06
< (mg/ ) 3.66 0.17
=g &l (mg/ ¢) 7 8

SS (mg/ 2) 365 8
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9] 8] <Table 8-9>0l A BODS} FABsol EFX BT BE HL Ao ol K
kel BOD, A4, Ao BREKEYEH oldEo Baol ¢ Yol It A
ZtElo] Fom oA KB BF BERY wA A Kl EE 2
g ZRo| whel YUt BASHNER HHHE sheetd] M, Folol ol
g wle] wE HWE EEES AYY ¥est ok 2x & HAY R
e BMK 71 A £3A HFRo UM HAE A KRNI REH
FollAd =Y $2% point7t "}

agla AZ2AAY HEE A HE Ay x4+ W A4 2 polyurethane
Ao #Eel= BOD Brkol &b RES Exglel #£THU AR REIA
AP e A JES AL stex A3t @y dlen YR wE
HES EE L BF BE7 2A Ui BE MAHYE B#E FEo BA
H2 g3 @l g dojux] gEch uety HB £ UF JtettEA
FE@Rio) Unmd SERE YAHAT AV7A EEo BESII @2 #
ol Wolx A uvj@o|r}.

ol et MEAAM 2&KTY H#th =& Hol 2170 HESIE L KRER
& e Zol Fasict ¥ £+ Arct.

Acti-Bio process #Et Lo 23d Aoz o3 #

A& &4 AUrh

mlo
flo

7}) BODS} EBEE & U HEMEE T4 AAINI ¢ #HEd FR AT
&g #HYS JEIte AT A

) i BAY g% mEY BE TLE LRAZS dody AqUA #
e 8 5+ de BHEe BE =3

th) SAE wEES Z7 S5AA £WEN Al ¥ ¥ #AAY &3A 7
ANY AL nEstd MK BRES T &3 nBmlES 23
= process HE

3) FHE #BE vlHEY MEF ol &y WEA TA 3k BRE U
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Bt MelA EE #HR F=

n}) $AE HKBE BFE FREE £o] od JAZFA FH R kTR
MEAIA 7lA @7 7l T2 BEE BRE A2980E F&

o) S HE ol o EEAZ AU BHERAG A WEE H2EA &
B £4RE FAlo dolUA sl £Y BHEKY BERE AL

%=

tl. BEER®B process

XE RES #13 BERE processt 5 Az ¥ BHAA AEEAN &
3 O FEHERS o83 BK Ve, HE LEH RE RE Ve BEF BEY
s e U BN SERE 7le Sl processod HEHTH KEE Eof
M mE REM iz 7lg (&S A% EAHAE o33 g,

— DEERARI Tl — Rl A 32

SRl s grap]_—eel 2ok —o-skheel U e

rpils| F—EeEH: —RSENsRYApE
w7 :

— Akg8slles — Ak ITiE g

BE REE 1% - BRE FELR o3, £33, 42 SHd ¥R
£/ 3 9= process® Phostrip, Bardenpho, UCT, A0 T¥ Sol® BEK
BHA HolM:s EFERY 2L Hde &4, BH &4, BE #AE £+,
HE IR &+, &B &+ YL EH &5 T *P%i_lrﬂ BARIAC oloj M=
BEXx HolA:s £, +HY A wet BOE 2& ZE Fo o3 ki
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By oldtA WL FEAA BEEZ ol &= cl. Ja &FA FTAK =)
o] g2 Rkl REYE, EETE ZAFY 2402 HHA@EAA 232
o] of gt ghA ol o}, _
BEBRE processo Nt HIRE w42 Fdo uet RE Az A2
& BRIlE ol F83tl. 1PE2E KX HEBAME BR BE U BER

A 2loll th3 processE A A E=dRA Il

1) BB I8

BFE TR2 Az Yo MBI HES F2o cis) Hel BE f£hol
a3, @ HE A o/ Fo] don dutHos W U HEH WK
o B HEY AAE A el

BE W &8 iond AA FLde BHEY HE L BHEY #HR, HE
o BB uwet AA Zie A et it BEC A @ AALA
Aol BEY T4 AL, Cu BELU I 713 #egol FA4 Uetden =
BB TZRE BRE FHLEY HE oF Be &8 £ARLE o B
BRI Agle 5~6mE ¥ Zo] 1Y HHel F& Ao =E FHo Yrl.

mpeta BE MEe UYYNLE 2 BEM ALNE 5~6mE st Cu,
Al, Feol BEE £%& A& o XAF o2 RE(PH), BF BXK(D0),
At HuH AL @F(COD), oiFEE, U HMIE, dEUY EXR
WO BE oy AHslAz 1B U KK AFY SHFEE S
(Table 8-10>, <Table 8-11> 4 <(Table 8-12>¢} Zrt}.

{Table 8-10>, <Table 8-11> ¥ <Table 8-12>0]A] gz PH, D02l #RRBo)
ujel WEMY o0& RaAdouw BR HBoAM FR HEY Kiode &
BEgol gl 22lx PH W DO= B R B wel EASIHAAM K
Mz CodDe AW BE HA2U BE EEe AA =HA ot 2R KB
B, o9 @Y AAE A Hdoen B3 Cu @S AEE FRdeE WS
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<Table 8-10> Effect of electrolysis in Cu Cell from waste water

}
A2 4a (A7 Az
3=
19.0 |21.4 |22.2
A Q0
T = (0 20,0 20.5 22.2
) 7.3 7.7 8.6
P 7.3 8.6 9.3
0 (oomy | &4 8.1 9.2
PPV 12 0 0.1 |10.4
20 1 0.2
At {ppm) ) 0.2 0.2
400 80 60
oD
(ere) 1 a0 | 200 100
0, 0. .
BB L (ppm) 01 01 gi
20 10 10
“RLold AL (ppm) 10 5 .
33000 | 60 20
Az2+ (1728} 1 14000 | 50 20
18500 | 90 100
YW AEZE (/80 | pg000 | 240 100
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<Table 8-11> Effect of electrolysis in Al Cell from waste water

A2 & 1A] 7 3A) 7
3‘;}' % T (i A
18.8 23.6 23.6

a o . .
F (T 16.7 20.1 21.8
’ 6.4 7.0 7.7
P 7.1 7.5 7.8
5o (oon) | 22 5.7 7.8
PPR) | 3 6 6.6 8.4

5 0.2 0.2

o] A} ) ’
1At (ppm) 5 5 0.2

<o (oom) | 30 100 50

m

PRRY | 250 150 100

0.1 0.1 0.1

ol . . .
s (pem) 14 0.1 0.1

20 20 20

oL_I:Ll_L olAl = A

p2Lobd A4 (ppm) 20 20 20

42000 | 380 370
F 4 1/ml
R (1/m8) 1 41500 | 650 200
29800 | 570 550
RS e R N

e AFZe (1/ml) | oci00 | s30 110
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<Table 8-12> Effect of electrolysis in Fe Cell from waste water

A2 P R T E
% 8
19.0 |19.2 |19.8
A % oC . . .
T () 23.0 2.3 26.4
" 17.4 7.8 7.9
P 7.8 8.0 8.1
7.5 8.0 8.6
Do (pem) | 4 5.7 6.0
10 0.5 0.2
At ) '
(pem) | o 5 1
oon opn) | 100 100 100
PP 400 100 100
0.1 0.1 0.1
el . . .
=TE (ppm) | ) 0.1 0.1
0 5 5
YEUold A4 (ppn) ;0 ) .
27500 | 200 150
RiCEay (17m8) | 87000 | 382 350
S A
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BRE €& ¢ 4 ddrh olul dEYolY EXRY KRie FAY Aoz U

2) B IR
BE FEE NTF HR®ES DLK(Double Layer Thickness)& £B(Al &
Fe)& ¥ol BY AAFE FHeolth. & DKE ¢ FojF ionol HF RE F4
E olsla of Rl HRMLE ALsted o] HRE BE KHA EENI
pee 72ty glong Hrl B3 ion B

T Aluminium iono] DLKE Kt}

ftjo

222 BE TRAAM BER HEEY RA BEs 34 &4 A
e Ze¥ BF7 Pk 2l ®Eo Ao F NFH ME TUA H
ol = fFAL th& <Fig 8-1>3 r}.

2

rlr

7 BB BoTF BER
X BB A1€&38 BEAE &8 BT SUAEAL BEF HETF S A
W)z sto] o]l lom o] REES th& 3 Zrh

1) BE A48 B®F# (superior Turbidity Reduction)
2) w2 PR EE (Faster Sedimentation)

3) BB ¢FulEve ZA (Lower Residual Aluminium)

4) BESY FBY% BREX 9 (Higher Removal of TOC)

5) @3l £EHEY Z4

6) dJtelE W AR HL

7) Y& KEolAMY BE HE A
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Distance

—————

Coagulant Double layer

thickness(k™1)

Il

Overdosing

Colloid

Repulsion

<Fig 8-1> Chunhyang-Leedoryung coagulation mechanism showing

the interaction energy between two particles (Kwak, 1997)

L) BiXE (Degree of polymerization)

REB d7EE gtol S5 EENo EHIEE HEE T BRE
TR 9ol nf$ EEI factorolti. Al” ione] B4 3° F ¢ 74
Alis @) 298 EBWOE vas] EH S-H BEE < 1/12.4(Shultz-hardy
Concentration)o] s = o ofo] th3t BEE BME= Tl (Table 8-13>£} z
=
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<Table 8-13> Basicity and Schultz-Hardy rule of Al complexes

Ion S-H Conc. OH/Al Basicity Al
Charge
ALY 1 0 0o +3
Ala(OH)Z" 1/2.8 1 33 +2
Al (OH) 1/7.1 1.3 44 +1.67
Al1304(OH)2d"" 1/12.4 2.5 82 +0, 54
A1(OH)3 - 3.0 100 0

gle] (Table 8-13>c] A BIEEE BHEH] B4 FMsic ¥HIT sty
ol duty oz ALEHE BEH HEE H= o 40~50% (OH/AL = 1.2~
1.5)oltt & o] @iEol gl &ulst MEMEA 71 KRESH] o Eolth.
EEEY R7 YHoE FAHoE ANSA HA &} Zcl

.. OHEF(ZL7
1) A1* — [OH]=0, [Al]l=1 — B(%)=0
2) Alp(OH),Y — [OH]=2, [Al]l=2 — B(%)=33
3) Al2(0H) — [0H]=4, [Al1]=3 — B(%)=44

4) A1,304(0H)z2¢"" — [OH]=28, [Al1]=13 — B(%)=82
5) Al(OH)s — [0H]=3, [Al]l=1 — B(%)=100

ool A MW HZEE 1000 HE KBt YFoiE2E Hol MERME A
2= EFHEc olgd BKEE PHIL 8 o4 2 BEMEE F dojd
T}, et keholA ol ol EHMWOE dojutA HHE «dFuiE RE
HEste] 2dYo] ETHE A4S EolA Hrlh
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53 BEEIL 10057t ¥/ Sweeping (F2 Trapping)o] dolLtH A FEH]
dojuA Ho olu KBt ¢FoiES HEMNSE o= M NFE I
4 &X BYE AT ZAstA "ol wetd olw iy F ol Al LBES
KBt dFulges e Fol BT Edol BREH N HKAY HR

g 7l ¥ £+ olrch.

th) @& KE (Basification)

Aluminium hydroxide’} 4 {@& hydroxide( & =zt glth. ®te} Aluminium
FEFE 5 718 hydroxideZ 7l oltld BEEE 66.67%0l0 o33 A&
AluminiumZ 2/37} srtkft ©ch. i # &9 Polyaluminiun BEH HEE =
45~50%2) Z o] #BEE L 2L 21} Aluminium Chlorohydrateo] Z £ 70%9 H
EEE 232 drt. 123 BEEE IIAY S TFEY MBITEAS LR XK
Eodes AU BAJ Aot =Y EEEI @nstA Hd KE ZFEZ 4
g3 WA BRE YA BH BEE FUHAA Foloiyct. old 2E BH
HolA #HB BE EFLSIY Local dispersiono] dojutr g AHe F
BT FlocEol WA He REo Hrt. BEL 3B Fodd R & & &
= Al BHEELS tld (Table 8-14>8 Zr}.

) KB BH T BREHE &H

KE E#ol oet ER Sdo Helxed 19 BEe 48 MSRKL,
R BA &4, XE BE, PH, ##, Anions, RERRKE S £&F&
tl& (Table 8-15>2} Z T},
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<Table 8-14> Distribution of polymeric aluminium species as a function of

molar OH/AI ratio

OH/A] H] Aluminium Species
0 Al
0.5 Alz(OH)™
1.0~1.33 AL(OH)®, Alo(OH)Y, Al3(OH).”
1.5~1.67 A]z(OH)a"', Alz(OH}sb’, Ala(OH)sq‘
1.84 [A11504(0H}24]" (Most Stable)
2 > LAl (OH 2™
2.33 Ala(OH)7*", Alg(OH)is
2.5 351 Alyey (OH) gas] T
2.67 Ala(OH)s
3 AL(OH)a
3) FHR I8

R
rlr
st
or
fijo
2.
ey
rin
po )
rlo
@
-3
o

Matol BHER REC REEC 73 8BE
d Zolo ol MEfgEY ¥4 U BER % A HR ddx =@
43 49 BET AH ¥ 5 ddroh
olo} Yol MAEHS MHEAYN FHRLS AL B®ES AR LE I
9% KREE SAol ¥ & Ao &% EHR (BAC : Biological Activated

Carbon)ol el = #tcl.
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<Table 8-15> A list of coagulanis developed and

in development worldwide

(Kwak, 1996)
AEFTH Alum PAC PASS PACS PACC’ Al-Fe’ Fe-Si
Zgst (Egad (Zedsiaar (EFadsd Zads
gagEn ldzolE( |AelRolg( [l E(Poly |Rols2ds (2aded4r [FAH-E (P
e |7 Poly Poly Aluminium (Poly & F o] g (Poly |ly
2%  {(Aluminium [Aluminiu  |Aluminium |Hydroxide Aluminium jAluminium Aluminiu
sulfate m Silicate Chloride Chloride Iron Chloride) {m Iron
Chioride {Sulfate Silicate Calcium Silicate
ALO; -
N 2| ALOs 8% |ALOs 10%] FO ALO: 17% |ALOs 10%| 55~95% | O
o < 203 0 AW (4 8“‘10% KAV A (] AUy G X J.20 21%
FesO3 1~4.5%
7
O'gg ] 0% 40~45% | 10~50% 45~50% 70% 45~50%
Alum
gpzd| ax | AN L ANT s orgg | AT
o gy | FUES | FURS D | TUY
L 70~80% | 50~55% - 70~80%
50%
P
o 349
Ptz |Rrlagds
goleol |geleel | C . |0 97158 .
QuElsorel  lorelw [T NTUE | 2707|8718 T
n¥ass ($FAHE . A A A2
4 |eex (w24 i AFes [AAEIY $4
suq les - I LS T i 4
° T golgel  [geleo Cra|, ) °°
2) S04 T
- AR e.n |ma Ae - agmad o
deilnegx, AL % || AR
el 5 A PACH.TH Al 5ol . A3 A
# | SFAel A&z gl A
. s L sxaEs Aud A8 |-
= i3 -+
Asde TS
=] (]
H7b 7HE (pH7F = 5 . H73 st
oH |0 ® $4% pHUB A | pHRSA | pHR e g | Po
@ol wotzl| woby e
W A g
e+
o Al |H@FAl o) A AsE | O
= . - o - o J-
oo |exces H3 Az ¥ Alshd®: 238 aas Als®
s 9e
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7b) BHERY 4

Egl BEHEE KEA, oAl AAA, HuA U HAfAZ HE =HAY
Yol whetdE it Zol ERAC

£ &4 ( PAC : Powdered Activated Carbon ) - o2l ZAA BEXR HER
e YL oY REA v ¢S MA 3 REEN RE HFEJ wES
Ex REA YAE BEANE 5% 8 EX BE ETd= Z3J 2
Tt 2y BRRS Bl BFFC E/53EE AFed KRR WA
oA BE Y OKESY EHE AU BK HR AAdE ALHU BK B
Hole dwtd oz FHA3MA drh.

#7498 ( GAC : Granular Activated Carbon ) - B#F HEE BXMol vzt
of WG Bho] BH IEE RE Aol REH 225+ BEMIV
HBE KB HHo ddME ZEMA AHelst Hrt.

#AEUR ( ACF : Activated Carbon Fiber ) - H&E 10~20me] #B# KREol
21 g Micro pore7t Jo@A HF HEJ wl= 32 Fho] £o]st7] wfol B
KR o9 RAR e oldE 3 Yo HRsEH HF ctgstA FEHc
Jeln FHEHERS AM RE oldel MAd JY AF KES R en o
Hol o8 HEAY REHo BES o274 Hch. oo MAL EE ro 9
) BEEwes £#FYE 2L A HYE v U ,

ERO & Xolo] wal MY FE KE (M4F EX)3 @AY Aol R
A7 7 thET. oA AT BREFEN RF HEE zeIA |l

U) A4 FBERY AT KER

O &5 BK RH

By 2y SEERAAN MHHE FUL HL/EE SLEN BKE
B Ao HEmEE BBA BX KBS Chloroform, Dichlorobromo

methane, Chlorodibromo methane 2} 2 Triharo methane& &£ 3t7] =i Zof
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A7 Ha dom I Yol HHEE AE R/ELY B, Bol2H RAHE
FEE, dE2Ucd EX 5= EA Ha dct. 2122 ol BEE 9
stis B&E LR, SEMEB 5 YA oo BHER A, 2& A,
£ RE S HWmY BE BK REJ 23 9r].

@ &Y FERA Y B Kk RE

BER REA ndE % BEIY £4 FHERS FER A ¢4
BEY Azt ARkl doluA ¥ch oo T2 £y FHERSE F4+ A
Ae et BERY HENA T2 o3 BRE He R oo nyE
AW #ME MA H7 dEo] H@H AA Aol WEIBA B B
¥ BEE ¥/ #/Ic. 2828 BRE 22 iond HEY ANz 7
gstoi At dUHA BE RKEZ= RRF Yiol AEHL oy HBE
BHE AEA KEEAAE dF daAdlod gpHS 2AF A ¢golx g
= °o/d2 orh

REP A ob#t BAAY HDA MR BHERA o3 kgsld 29 @
of T MEA £ FER Ao o B AAFHo|r).
EY XEF YHLE RHH A&AE FHE ool polymerd &£® Fo ¢
¥ OFEAL APRo] FEEH BHERY FU% BT @ £EEF A BRI
dojd f27 e ER ol Biksly] fFtAE WMHE HEo AV FERK
FPeol d o3t

Q@ &4 FBERA A Kk RE

Bk BEANS BX T BREE £9 BRES Zdyeos ¥g
T ogye] RESIT vt dNAHA FHFBE PPl Me BER s 5
e B % 22 U MHAK F9 SS BEo UdAHE HEMCIANTY &MY
AW dsolu HE 2 AT HEEo HJ o HBEY |74
ek o dRUold XK Nitroftk KEEolAH & phenolel] 23 2A HES
A e BREREAAE T A ste Rol stssi,
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th. EHROlY WEY HEF HR

HEEwe ®ELC = R W AAUAOE B HEdMAE B HEE
7128 s HEJ/ %& 2  oiUa n-aminobenzoic acid H
9-methylisoborneol, Thyosmine 5 %< #4/MHf 242 33 REIAA o4
Aot EERNE BegHos HAHT. & BFHERY BAeds BEK 39
HEE 2 3E A UEIUZ o2 ok FHRA AEI udSol
EHe UANAA @B EEV ety Wi S8 HEJ ol ReE

LA o) {;}

!

2. R I8 LW

BE Bk BE TR HALHE MBS Ozone A A MR BER
Na Adol BA ITRol TE&HI Urt. 53 HX RER RBEId:s
Triharo methane (THMs)& $1X3lol W% ElE% (DBPs)& A A3H7] #3td
EER ITRol FA4HCL

KREmY HE BK Az A Ao Ozone P BAC (biorogical
Activated Carbon) L& #R& R2A =B tig <Fig 8-2>¢ ¥enm 2
olo] tiyt F9 #ME S (Table 8-16>3 ZT}.
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s Al M Qzone BAC of 2 HEX 2%
Al .
—
#@s ﬁ E [ &} &/ = - of =t H{Ozone BAC X 24
F3 n o = e
s 23 Ad Ozone BAC of o} HEX| 2%
% Qzone - BAC System X
Caz]
vy
o 3 (SR 3 Qzone BAC P 2%
c} Oz0,
[gz]
v
o EXS) A Ozone 2 Ozone BACH1X#x» 2 %

<Fig 8-2> System formation of Ozone and BAC process

<Table 8-16> Main activity for each process

Process + 9 % 3 8
/2R ﬁ—jﬂztg ;;2}7.] ¢t Process?] x|l
|3 gL EFAYH
Ozone ol3lu] B& AA ZFele] daAzE oy
R84 A2 Fhe] BAC 2|
232 &3
ol#m] J&2 #AA
B 33t BAe) A7
_ DBPs2] #|A THMs, TOX 5
OzoneA 2] 4124 AA ALDs*, AOC” &
de P AA
3/ z H, 3¢9 AA
o BE GFEe HE & e B3
t ALDs : Aldehyde & 2 AOC : B3ty R ©A
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B2 £ 4 Material Balance

1.

Mass Balance

7}. Solid waste mass balance

’Microorganism

3.75kg/d

0.03%

._'

Solid 12.5 T/d
Moisture 10 T/d (80%)

Dry Solid 2.5 T/d(20%)

l

—

Organic Material
1.257/d

10%

Waste 507/d

12.5 Tid Solid (256%) {—¥ Fertilizer
37.5 T/d Solution (75%)
Solution 37.5 T/d
Separator —MTCOD 6,336 kg/d (168,960mg/l)

BOD 2,400kg/d(64,000mg/)

[ Fig

Anaerobic digester

8-3 ] Solid waste mass balance

products

—P

Moisture & Gas
11.25T/d

90%

Vent gas



1}. Waste water mass balance

[Solution 100TH
TCOD 60 sl
SCOD 78 it

Solytion 100 YA
| TCOD 1,890 mpd

0.3% Shinfloc

Solution 1007/d
TCOD 31 it
SCOD 14 o/

Waste 50T
12.5 T/d Sofid (25%) Fartiizer SCOD 1,680 mg! Asrobic elfluent
37.5 T/d Solution {75%; $S 540
Separator TCOD 8,336 kg/d (168,960mg/) Efflusnt
BOD 2,400kaki (64,000m!
CH, 65% Sludge recycle
Angerobic digester CO, 3% Ener
Gay 1,320 myd
Methane gas

[ Fig 8-4 ) Waste water mass balance

n

L'|Fi|tmtmf'- |

Solutlon 1007/d
TCOD 44 wy/!
§COD 25 og/|

TCOD 6 !t
SCOD 4 wylt
s 2wt

AC-Sand filtration
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2. Capacity Balance

7}. Solide waste capacity balance

5. T/hr
5 T/hrx10h)

Separétor

Fertilizer

400 T/d
(40 T/dx3x3HRT

Anaerobic digester

'l 5 Ti8hr  —
3, stage)

2T/
(compaost)

Storage tank

0.5 m3hr
(5 Stage)

De order towei

[ Fig 8-5 ] Solide waste capacity balance
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t}. Waste water capacity balance

5 Thr '
l;s Thrx10h)

Separator

N 4 T/ 80 ¢/min
b 10 Volt, 5 Amp
Al-Cell
Filtration -
Electrolysis
Fertilizer Sludge Recycle - AC-80¢/min 20 T4k
Recycle Sand-804/min
400 Td N
{40 Tidx3*IHR N 120 m*2he hC-Sand filltration Storage Tank
Anaerobic digester
Gas holder

[ Fig 8-6 ] Waste water capacity balance
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3. 50 T/d Process Flow Sheet
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‘ Pungp 7 Pomp
CUTTING })_ 1
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Screw press P ]
—{ . .
—— - Gl | nefining Vower
! = g5
Feod Tank
'ngr—j Mixer RSP § I 2y
Yeed pump atean
produc |
o : M . .
- <ol ) Composter 3 C_i— (lE-.q Air
5
i ﬁ Flectsolyser
&3 (17
_’Ell 2 scitling tsak

. is e

.

g ¢

Coograler T, E

s Jhay
Airstin) 1nnk
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[ Fig 8-7 ] 50 T/d Process Flow Sheet



4. 50 T/d MEH L& 45 ( 300 4 71& )

<Table 8-17> Comparison of cost balance

&}
T _
= 213 Eu|3} 9y 2 479 A 7ls Wy
B8] : 2. 02/Y x300=6002/d
© 600100, 0004/ 2=60,0008 /A
3 4uya) 1, 320m%/ Y X300=396, 000’/ ¢
Y] : 2.08/¢ X300=600E/d
N 6. 500kcal X 396, 000=2, 547, 000 X
T 600 %100, 000/ =60, 000 ¢/ d
o 10%cal/d
=]
214,500 £ (7-8) X 4504/ £=96, 5258 4 /d
€4 1 1008/ X300=30, 0008/ d
53891/2 x 30, 000=16, 14004/ d
8 A 60,00084/d & A o172,00089/4
Aldy] ¢ 1,200,000
Aldu] 4 ¢ 1,600,000
Az dRu]:315,0004/4 X300=94, 500 ¢/
Ax dgy] ¢ 63,0009/ X300=18, 900/ d
2] A7) 53, 4409/ 2] 3 X 24 X 300=24, 768 W/ d

2 || Q21u]:3¢1x1,500,00041/Q] X 1254, 0004/

dZ7HE2t ¢ 1,200,000-+109=120, 0008 %/

A7) 8.(40kw): 4,590/ 217 %24 X300=33, 0488/

o}Fu| @ 30,0004/ X300=8001 ¢/ d

& Al 293,268/

&} A 274,948H /A

H 237 Ae| g
10,000, 0005 /9 x12=120, 0008 L /A

¥ 2e7] A2 v :
10,000, 00043/ X12=120, 0008 ¢/

1]

- & A 274, 948MUNd
A}

, -133,268 8 %1/d 117, 1788/d

[o]

0]
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}.

gt
. BEHY] 20 $R B C/NEE 12~169 Hes Fr.
v}
1) ##& Seedi= W% B4o] ¥4 SludgeE A-§ ¥},
2) Seed &2 10~30% Hndstol #H MR Aol HABC.
) K BE+= COD 10,000~30,000mg/ ¢ 2] H$]E A& ¥ch.
4) FBY AW = Seed M T CH, ¥&o] 60~70%d wi 7§ A et
5) REEES BRY RIE BAWHY KBIEE F71 2 FHC}.
A}

Mol o3 &I, 874, RAUSY ESTF #H HEE2 HAN
BRS MBS UElUL BRAJ Y.

M HEME ARBoIY X HUEY HBI doiun YEUYo},
ofmxih, BHAtZb A, 4L, AE, WY So] £XHAAM PHE E
A gt

HE BEHE EN BREEY VT o8 HVS AR UMD
Y dRUol: 24 AdBUE HBE Ho Bt IHSHZI
7hel 4 & et

e M 23 PH= 6.8~7.28 4 HE o]l 24do] U 43},

Seed?] # & ®THE

RE XES FH
At KEol BAdl:s BB 2=+ FEE 30~37C, HEH 50~6
S5Col 2xo] MBIEZE FHBY 2= W Forst a7t

2) EE EWA U Aol MRS CH 60% o A4S A el
) % Mel HEHAS COD 3,000mg/ ¢ ol SHH A e
4) HRE S5 3,000mg/ ¢ L EAols wu@Ee E& A dojum

2 2A 29 2%
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4. EHHR KE EH8

7. BKe KE o BE
1) FEBE HdS MAeEYN B A B o FE Je
mHoA BOD ¥ COD S F84] %r.
2) BOD I CODcr WA 24 Aol FTEXZS BOD:CODw2] HBR Bth
g 13% CODwoE FEIE Zlo| et
3) #iE BEE ¢38lo] t}S (Table 8-18>¢ ¥ RE H# AH%E
chis= g
U, BK REBEE FE
1) PH A ¢ MBREE Tl
2) Bk BE U HE W50 Y FRY AWS delTd.
(2B28 F2 2L 552 FYAE ST TY Ake] FAol Brl.)
3) BOD A BEjo] 30% o] 3l w2
4) Bkl S HYBol BAEH AAU, KK pit7} HREML HAU,
AERY BR BRS FASAU A HE HK KEl Loy HS
7} BEYSE FoJ 27 ¥l
. BRAE TR
1) BREAS BE S2 %L PH el s Fasicol.

PH 6~82] @i 7} Qutdojxjqt 6.7~7.32 @EolA Control 3t 2
o] Fr}.

2) Zz2U %BHE BEMD)E 1~4ppn7l #EHIAZT BRES Control
Lig=

3) Ao e H@sY] ol #iF KES BASE Mo ABA 74
A Hiolo ABWOE HHEI ey 2 232 BRHE 7%
2%, %%, PH, £7/3(D.0), MLSS H=(SVl), BEFRE (%), REE
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et.
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WMZA ol Fel7t ¥asich.

4) BOD At PH FHEAN BAMY Z¢ BEXRY ETFY ¥4 sz
W D.0g} ET7 dojutn REKS PHE 8 AlkaliZ A $5dls AY
of glem KMo B AFHY FLoe AALES HHA Yo =
BREEA DO BRBR ¥YLE LAFHI AHe$9 PH:E 35 M@
E Ast=Ele Z %ol gt

5) MLSS BE FHEHolA MLSS BE= Fad2 ¥5F9 3luzs B &

B 5= MLSS 55 H=Eol wal @mEg(E24)o €}, &

MLSS BE7 &2 Hol BEM A2 Shock Loads] ZAY 4 grciz

21t

LmEY BTE

1) BBEE ¥ttt HOY Floc UTFE AERMY FHE 248 33
stojof stEZ REMY BRI 493 U med —FH KEER
o2 KEAM(nd/nf - day)7t Ao BE@MA BERE T Holxz
MERM YANAE MMM (/n- day)sl BEE ¥ West o,

2) MBRHHS 1.5~3FMH AT BEEE LY Eydo] @M ¢
€ ol HEINA ZEA st Fo] KEEHoE we F 23}

3) BEFBIR Flocol] AR Aol #Hole Mool AUod HE RES
Hol 22 oz WA HY HE BLY dUo] "Hrh. I3 A F
H O REAK KEol Umixlog F A FEJ ULt

4) LRMEE £ 1~28 WY BHFE stolopgict.

5) EEBE B 1the B EZE BMSIF EBRE 30~200%

BEAA TR & 5+ e FES PZE HX3Y HRY RE BR

o] HRY £ A= Fc,

EH KB Y EM BE MY BHEFRE TR

1) £ TRol #ik HYE o] &z UYoBE A ZFRY B
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5)

B R BES Y g WY ALste BOD AHF 0.1~0.3
Axe @/ AWEHS 432 AU T EFRSE HAS
L ol {ES tiMolr}.

B BB 72 EBEOE Uste] Blower W EBHBR Punpst FA
Y A BEE L HBEEY uided ¥HUJ EE BRI Y
2 "t} oldly AejolAd FHiol #MEHE HMHELS AFH(+2 ¥
25T AF)L 24850 ALH (£ & 15T) 48/ F =0t}
Blowerd} JEH# 58 Punp’t BBHETA HE Ao VAUl WA &7
Zulo] B# NaOH B H,S0.9] 10% BE R N2 MMl PHE &
Hazlx Z7)sdEAd FGUch ol mfTsld BEKWANSL Do
1~2 ppuE ¥ w7tA 7ittele Zol R RTH HESH oluf PHI
222 WEsAT PHE ot MESE #EstA Bt

BW B EAQY ol FEHBRY FEiol HEded o 1EH
FFEDZS BOD AME 0.2 F=olA thiEsted MNA3 1ERA HA
LERANIE Ao FAET} FR3iT}.

EHFERY B BESY Hol2AH EEol RAEY Afds Zedd =
BME S BES FEsts 2= vy Kol HASY
oluw] &% Balanceo] T3 EE7} &7 ™t

5. B %E EH

7t

Lt

EREE As) He HEos GRM KK te KEE2 A
BEL MRS A4Ho2 HHEA HBHAA FIAES AR FI

. BOD W CODE 0~100 ppnE {EM
. BEE 8~10 Volt, B 5~8 Amp
O BE® AL, BHEERE 12~15 o/
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i, B BE 25~30TC, B®AZ 20~30 min
A}, BEKS PH6.0~6.5 2 24
of. 3Bt TH HMARN BR AN2¥o= BE BTL Sso &3 AHA &

CBR KE E8

7y, B ONTFY BRE fFHY A3 B EFY Floc ¥4
U, BEo] 2 Floco] ¥4 E of BHHESL AA

T}. Floc MER FiE A LS 20~602 7022 3t MA3] a2yl
2. B RB\A ol A@ HE <= 40cn/sec

o}, BEMA MES 90~150cm/sec o4

ul. BER Floce @M FUA W@ 9

A, Al WERE 2~4A T £ 8

 HERE KEEW

b, KB BE V€ MR 24

U, o2k REKRY 3 ¥4

th, BB Y RREY ERE3N FEBELI N, P AA

gt. BOD 10ppm ©] 3}, N 3ppm ©|3}, P lppm o] 3}, SS 10ppm ©] 3}
o}, 2k REKRS LE AN 2% BHA

v, MEBMEAN FHRS 900~1,800m/1g BWHE FA

b RIR BHER BEZ 925TE MY ¥R
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<Table 8-18>

Report of daily operation data

71 & ([FUFYA
g 99 ( 29 : Rt
| 2} 2 c 473 &2 2
SF
g= 9:00 ) BOD/COD
N %7 _712
2 s | =
BNE . |—eH
o = 5 Z 7124
ak ° DO
Ezgal o0 =
3 o RS = 2| MLSS
BEeY | %) % | BOD® 3}
ddoy |z ey
EHT s
ge 2% pH BOD COD T-N NHy-N T-ClI SS &
x 9:00
z 3 =
A .
Z 7 = 900
_l?_
iy o8 4| 900
| (EFD)
9:00
A A &
= |, MLVSS/MLSS #4294
- > . V: Vv
i pH D.O SV MLSS MLVSS % SS toom]
%z 9:00
uj
SV
#|SVI 35S = =
& . CxQ X
L) = ==
A b CxQ _ X
YRS Mrss T x T
] 432 MEMO g4 dnH
2% (150X, 600X )
a
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B9E H @

B-%¥ - KEYD BWEBAAN Mg ARE S7&E2 100 BRELR U5

A FH EFELS X 3FHY WRE St A stdch.

a

E7 A e #ie] &3 Qo] By Y& BuR BHKY BFed

3 BRE J¥ A R Ud Sol oZ1"gx Ut meA ®x BE

N BEFYE TAS FBR3IIEHA F8E BEES 100 78 HESE 8
;e HRY EAHSE F31 50 T/d RE HHY 5448 2o A% &

Y RE ANAHY BE R
A

4,

I

tRES =& 3tA HAJ ti Ho] BEIIL

|

Lig=

RN REFHY =of AFA 7IgE BKEY S Aoy BRESE=E F8
# 7B WMRLE JI£2E 50T/d BE MABAMY BH-®K o8 A
glolA] #'E Balance:= Dry Solid 2.5 Ts/d (20%), Waste solution 37.5

T/d (TCOD 6,336kg/d, BOD 2,400kg/d)o]% 3 B HE Balance: HIEHE
5T/8hr, BB M 5T/hr (5T/hr X 10hr)o] &l t}, |

R B 2 HHE Balanceol A kKR Wi HHKES TCOD 1, 890mg/
g, SCOD 1,690mg/ ¢, SS 540mg/ Lol B4 vt 71AE 1,320n/d
'(cm 65%, CO; 35%)o]dtl. 22831 A&/ Balance: MEH WL 400T/d,
Gas holder 120m /2hro] &l T},

FRE RE FX o %HHE Balanced M B H M PeH®ES TCOD 80mg/ £,
SCOD 76mg/ £, SS 12mg/ £ ©] 4 Sludge recycle2 10T/dZ 3st4ctt. A&
Balance: IF&¥ MHEM 500T/d (100T/dX5d/HRT)o] 3 Separatori
15T/d (0.5hr/HRT)o] &l t}.

BERE 3XY BFR BRE FHHER-Z RE FFAA BWE Balance:
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ztzt WM T R(TCOD 3lmg/ ¢, SCOD l4mg/ 2, SS 2mg/ ), WL TR
(TCOD 44mg/ £ SCOD 25mg/ £, SS 10mg/ £ ), AC-Sand I3 I #(TCOD 6mg/
£, SCOD 4mg/ € ,SS 2mg/ ¢ ) ol gt uwietAy &K vl BKEAN BE
Aol 7t sttt _

. BRSY #IE{ %E Balancex 713 FHB] &£ Eo| 1.25T/d(10% +&Y
f)olil Vent gas: oF 11.25T/d o]},

. BE B8 HEL AN EBHERFEAAM Fo H3Y £FAAM EEKEAER
o] Bmol s AF@WHAE HIEY RKREHMoIL HE 3 EypE
EEY BEHE doA BFEN £FS MUV, £AFRPME Zr
E Ny 8ol Hulg wo| A18Y REEJ BSAei/t FHAIDAN AF+Y
NE Z4F £Fo) FIEA el 74 T #IE HEES A
B 4 £ 9932, A3 BRFAA #E] HIEES 3.0ton/10a £ &
o] HIE WIBECID, 6.0ton/l10ayx AHFCEZ 4jErHct. 2 HIE AYKS
Ffdolt 2738, B AU ELELE AEINAU, UE Hudzsg EY
slod iy zlo]l o3 MENER —F BH EHYE 2 BEHL H £
tt.

50T/d @RE #HE#e ZAAAY wlz EMoxN HE HER FE
-133,268,000¢0 /d old oy &k BEY FH Kl KL +17,717,0004 /4
o Fige d4 9ol HHE Plant P ER ol HEMES HBASI: 2o BHE
gy ol ct.

ol ¥ HME BERE 71X AYAMTEE AHM Pilot AHel o277

A F44 Y data FHol o3 HE Balanceol 7] wj ol BE 5 - F - T

g
HiE Hio) ulel Total BIE system REA £ HE HRE F&5A A

713 BEme BRE plant7l ¥ ROoE Al HT).
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