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SUMMARY

I. Title

Development of treatment technology for wastewater and solid waste from fish market

II. Objective

The solid waste and cleaning wastewater generated from fish markets induce several
problems such as public sanitation, malodor, etc. and discharging of untreated cleaning
wastewater from fish market may cause serious environmental pollution problems in the
nearby sea.

This research aims at developing optimum treatment technology for the solid waste and
wastewater generated from a fish market to minimize the impact of environmental pollution

on sea and land by establishing and operating a fish market.

. Contents

This research was carried out in solid waste and wastewater area. In wastewater, study
was conducted to find the design and operational parameters and application method for
fish market wastewater treatment. The detailed research included the studies on the
characteristics of wastewater, design factors using SBR, optimization of treatment process
for the fish market wastewater, investigation of potential physicochemical pre-treatment and
optimal treatment method using bench scale reactor.

In solid waste, the feasibility of anaerobic dry fermentation of waste has been studied.
The research includes study on the characterization of solid waste, experiments on
anaerobic biodegradability of waste, methane fermentation from solid waste using

continuous reactor and carbonization.

IV. Results
1) Development of treatment technology for wastewater from fish market
(1) The fish market wastewater had high fluctuation in loading rate and consisted of
mainly soluble materials, which indicated that the physico-chemical pre-treatment
would not be effective and COD/N ratio had a great effect on nitrogen removal
efficiency.
(2) Neutral Networks model was developed for the optimization of treatment process for

fish processing unit wastewater. The Neutral Networks model had the practicability



to design and operate the SBR systems treating the fish market wastewater using
SBR.

(3) The experimental results of 2% full factorial design with different initial condition such

(4)

as saline concentration, C/N ratio and aeration time, confirmed that major factors
affecting treatment efficiency were C/N ratio, saline concentration and aeration time in
order.

Practical SBR system for fish market wastewater treatment was proposed to be
composed of coarse screen, fine screen, equalization basin and SBR reactor in

sequence.

(5) Fish market wastewater could be treated stably below 10mgBOD/l at the loading rate

187 ~ 924mgBOD/gVSS/day in batch scale SBR reactor. However to remove
nitrogen effectively, external carbon source was required to be added to maintain

proper C/N ratio.

2) Development of treatment technology for solid waste from fish market

(1) The average solid content of fish market waste was about 21 ~ 31% according to the

type of fish and anaerobic biodegradability test showed the methane generation rate

of 400 ~ 450ml/gVS.

(2) The carbonization experiment was carried out by individual and mixed samples from

bowels, trunk, and individual fish of mackerel, hairtail and croaker. Carbonization
patterns were very similar and the optimal carbonization temperature and time was
500C and 30minutes, respectively.

In continuous methane fermentation experiments, similar treatment efficiency was
obtained at 3,000mgCOD/]1 regardless of recycling of supernatant. However without
sludge fluidization by recycling water, inactivation of seeding sludge occured in high

concentration around 10,000mgCOD/L.

V. Application plan

This research aims at minimizing environmental pollution by wastewater and solid waste

generated from fish markets. But the national environmental and marine environmental

policy for solid waste and wastewater generated from fish market was changed during the

project. Fish market waste mixed with organic waste could be treated by anaerobic

digestion. While fish market wastewater could be treated in municipal wastewater treatment

plant.

However, the results from wastewater treatment from fish market could be applied to

_iv_



remote and island regions where the installation of municipal wastewater treatment facility
1s difficult and to enhance the performance of poorly operated existing fish market

wastewater treatment facility.
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05 2 100 50 5 357
4 3 2 100 50 5 357
0.5 6 300 50 5 357
3 6 300 50 5 357
05 2 100 50 5 357
g 3 2 100 50 5 357
05 6 300 50 5 357
3 6 300 50 5 357
6 1.75 4 200 50 5 357
1.75 4 200 50 5 357

T BAL FEF EE 157 ¢4 7 dAE mAE EFHS EHse] AAE
gt TOCE TOC(Shimazdu, TOC-V CPN), ¢4 o] @ 9

Spectrophotometer(HACH, DR-2000), o}&4F 2 AXA o]22 Jon chromatograph
(DIONEX, DX-80)& o]-&3to] #4183, CODon, &7t =9t MAETE 42 F4
4 A FH I} Standard methods(1998)& wxkth. W7l el pHE= pH meter(ORION,
420A)E AHEatlom, &%, ORP ¥ DO 5742 DO meter(ISTEK, 815PDC)E ©] &3}

ATt

PRy o] &2

[2% 4] SBR 7He=
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(2) SBR &¥ 3 A4 7153 Eg337 HA3 A
3

g %
71E AR AEAAY 34 2 AS5E 71:5
(3) Bench Scale Wr-g-7]&5 o] &3k HA AHg|uket A+

30L ¥H8-7] 271([2¥ 5] 2 [’ 6])E ©] &3} Bench Scale 7F& &2 S AA

shel, A £AL AT,

influent
T -

1

ORP meter

[——

pH meter [C=

[ effluent

[C—

[——

air

— pump
——

[19 5] SBR /&=

WglE 9EPe $9 olaY AAE AGEYeM FE8HS 30L(B40mm(W)x500
Om(H)ol W, v E} 97149 EaA w95 #sE FRLLE ] FADC

R TR 7t A& Stainless steel S AAsATE 2 B 7% FAE 9
g Tl Ee} YA, AlE Y R wiE e R EAsd F9S A% 2E 2 &9
rolt WlH Fo] MX|Eo] glom RE FAES AERE FAo] dAste] a7 EH=
WEg A gbel Bk s o R AEAAY. Az (£ 319 2
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[19 6] SBR +H X5

[% 3] SBR &%
A xA 2 & W9
a2 84 L) 30(340mm(W) x 5000m(H))
e st4 AFAZE (hr) 12
| A& AFAIZE (days) 40
A E F% (mgMLSS/L) 2,580 ~ 4,020

&A%k (hr)

Ak 2/27) 45 s 4/ E 2

%714 1 3.0 o

8224 2% (mgDO/L
’ 7o (meboL) M[E/] A 505 ol
Z7)z exz7 (T) 23 ~ 28
AE %1 (mgCl /L) 3520 ~ 11,266
Ao o]gd BYAY H 5 T W= [E 419 £
(& 4] #9015 5= W9
SIS % 9 T HY
BOD:s mg/L 66.3 ~ 350.0
CODon mg/L 304 ~ 178.0
NH, -N meg/L 327 ~ 52.2
NO; -N mg/L 05 ~ 9.1
T-N mg/L 360 ~ 655
PO -P mg/L 59 ~ 79
T-P mg/L 72 ~ 96
Alkalinity mgCaCOy/L 289.0 ~ 600.0
SS mg/L 26.8 ~ 395.1
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ol COD/NUI7} &7 %ol el
4 olth. ¥ 3 Pl % s
M= @iel R COD/NHOl g AAge] Folsh vhehdrhs AS A @

Sh
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)
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T
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R NaCl 0.5% NaCl 1.0% NaCl 2.0%
E = (A7 &) (A2A71%) (27 %)
HFS-
| AT | AR 0) | Bt () | ATH(96) | M%) | Bit(%) | ATN(%) | (%) | Bt (%)
AZ7 | 8380 | 1211 | 6378 | 8380 | 2550 | 57.10 | 845 | 350 | 4211
Bx7 | 7190 | 59.38 | 6801 | 3830 | 3412 | 3620 | 47.99 | 3554 | 4154
Cx7 | 9746 | 9380 | 9576 | 9893 | 9657 | 97.98 | 9677 | 8848 | 9550
Dx7 | 8950 | 6950 | 8320 | 8916 | 6373 | 7723 | 8160 | 5575 | 60.92
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o 50
% 40 [ . i E
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20 r
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o NaCl0.5% MLSS A NaCl1% MLSS o NaCl2% MLSS

MNSI| |, AXAH SRT40Y | SRT 20 |, BXxA |, CxEA P DX A .
10000 - - - —
SRT 100 o B
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8000 o b
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o g
6000 o 2l o 0 4
a R H B =
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4000
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2000 A
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0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260
Al2H(day)

(18 12] 955 MLSSH % #3}

A&strs ol&d AEHA SBReEANAM A asel 7HE =2 CxAe tiste] DO,
Y E, F7lEe] Aw, 2o Aol st BAEE 2ARRE Ay [29 18]~
[29 1619k o] yEbsktt

—m— NH4+(1)

—&— NH4+(2)
—o— NH4+(3)
—=— NO3—(1)
—A— NO3—(2)
—e— NO3—(3)
—m— NO2—(1)

—a— NO2—(2)

—e— NO2—(3)

8 10

4 6
AlZH(hour)

(28 13] CE&7A lcycles¢l AdaAEo A%

( (1) NaCl 0.5%, (2): NaCl 1.0%, (3): NaCl 2.0% )
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k. e AWFe] dRBEIF 30%0lde] nFE ARe PR o 7=

a3 ol9)e] BYYR EAGE A0 ARAL ol AA A5E AFAA A2

of WAL vhehE oA e B 4P ALgHE AAR Holo] 4FE AHFE
A

]
AHat7] wjitol] WA= Zlo|th. mebA] Efolo]e] ARl AFFAHEe oW JF
< v A Aol AZE FF olof tigh A7t o] FolHof gtk

2509 o] Fo 7= A AAE] FAY] EoAl= A B F ded ol F
o] 7] A o] G rFo] WolA = AIZIE AFEHAA HF U LHES] &
A A Aotk 71 300 mg/L, NHy -N 60 mg/Le]ste] §% =
AWk 1 o)de] dmkoA e ZIIANS SUMATIAY 1 FoAlo® WA Aok
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F/M dHld wWE fFEs=E A¥Rd, Jd3dAFe 4 FM H7E 06
gCOD/gVSS/day7}#] 10 mg/Lelgt= vl&H A om, 1 o]l 7oA FHi 40 mg/L
o] 2 WiEwEE EATh AA F/MB] 2doA diE s A#glel F 8.0~9.2
mg/Le] WiEFEEE EAth AR AHF] A5 0.02~0.06 gCOD/gVSS/day®] H$lel
M= i 20 mg/Lelde] HlEERE Below, WA F/M ¥ 21 A Hyt 37.6 mg/L
o ¥o MEBED Mot How HHYL,

F/M Hlof u}& Zﬂﬂga AHEE QFHSe] 49 F/M H7F 0.02 gCOD/gVSS
/day ©o]delA diEEel ARl 9 %ol AAES EHAow, 0.7 gCOD/gVSS
/day ©ol7oll A 90%olet7tAl A A&l FAEE Folg B AHAFY 4% A F/M
Hl oA AAE AA @2 HAE BIom, Hit 844%9 AAES HATH

Ao dEF % 05%, 1.0%, 20%= ZAE AdFdF gl st A7) dAaFsE
of dAafeld WE &5 v R AAESS [19 23], [29 24], [29 25] YERA
o}

Aeld Ads AuEd, £4713 sk dFHATe 4$ 0.002~0.018 gN/gVSS /day
o MeoA dHNeH AHAF 5 0.005~0.034 gN/gVSS/daye] A& F-at& H
Aol EdE o], AH7F daHgel s WMEo] & A FAHAATS AT
AN

0.04

0.03 -

0.02 | &

Y
N ﬁm % .

0.01
- Mg o KIS
0.00 IW

0 50 100 150 200 250 300

Loading rate(gN/gVSS/day)

operation time(day)
O artificial WW & WW

(28 23] S A717kd A w59 9

o

dol wE Aaiet Fol
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E m, AdFH e A 001 gN/gVSS/dayol] el
oA kA AA F& FolgE HATE 001 gN/gVSS/dayol’de zzolA
FE7F 1.0%0]51 A E FEFE7F 20 mgN/LAEE FA39 o1, 3.0%<
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A4l 49, 0.01 gN/gVSS/dayelstel ZANA 20~50 mgN/Le] Hel= &5l
o 0.01 gN/gVSS/daye] el A AE= 40~80 mgN/LH A E v&% o).

Arpasol BE AL oIS ATnR, AFAR 24 5 AL A
27

of dAT AolE HIULH, 60~80%2 AAES Hole Aom FFHAY. WY I
T BF Td FotlME AAL AL MIE BoFolsd, o= duael g
gaed TR 2 9T we dow o4dH

Aaiat, Hebael mgel
4 g

] X
2 AugAFe F/1%, B2

7h UAl BI#AE#HTe B4 CODe 60~386.7(252.9) mg/L, T-N 37.7~102.0

mg/L(62.7), T-P 88~24.1(125) mg/L, SS 90.5~143.6(116.2) mg/L= F3}¥ -5 0]
A3 i SR Hof 9o, SR A7 A e a4 Be
S o

E
fols
o
rlo
P!
=
=
N
)

(th) &skrEE ol &3 APdA F7]=A
[e)

4 =
oA 94%c]de] AAEES BHo, Fr=AAE dEFEd wE dFS AA &

Ao ® Yest oy, SRT7F 20€¢ B¢+ fd&l w3t f3&Fs o Aoz yey
SRTE 40 ol fAst= Aol Zad Aoz A

(%) COD/NMI7} 691 C2AL AxA T g0 90%0] 40 Jetor} 308 Yo Dz
Aol Aze) T 80| 80960]8kE Yol o] COD/NHI7F We o o
AE wor JREEHG §7123 Dao v oF Asr} o =
Ars R,

=
A

009~0.259 gCOD/gVSS /day

0.
Fol WS AL FAG 5 9

() A3 des dde F5 F71e Ao Fer

¢} 0.005~0.034 gN/gVSS/day = e F Y7 T
Atk A& Aol A 60%01de AAES Blew, B Jhe] AlRE Alestd
-2 40 mg/Lelstel g A2E BTt dae] A= A WEol
- Zev, tAlZ 60 mg/Lolstel HEE g= Koo, R HgA Y
SBR &9 A&l Wy was BoF3Ath
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(7h SBR ¥A &S g MG e

AAF dHAg T8 425 3% SBR 22 HZ AETA A AlxE wds
of AFgo] =ojytal 2= ANNs(Artificial Neutral Networks, Sl FAALS =) ‘j‘%il% Ab
L3kt B AFdAdE FUCOD, FYdL, 5%, E7|AZH MLVSSEE, C/NH]|
s A4 EUHYE & F e ¥FES ol&ste SBR A &9 COD, NH*—N,
NOs; -N, NO, N FZ=87 oy} COD ¥ F24 AAZEY 22 HFEES 428 4
UE= SBR & ANN model & 7BEstom, [Ad%= AFA5E ol &3t AESIT

R 90 94 FANRIA, 2 deld mERddn SdeH Besdl A4
b= 4 (el Slskel AT askel 0914 19 We Wel HEE ssan
noOX-X
W= min
T (1)

@ AFTE

371l SBR ®FE7]o Al Aozl 255U3E AP uolEE Fdstd F 765719 WES
A g€z COD, A4, dus%x, 27N MLVSSE =, C/Nﬂlg} frE52 COD,
NH, -N, NO3 -N, NO; -N& At o] vlo]E 9] 75%= WES A A AHE3tA S
Uz 25%s Bl ol AMSEth

@ HEA=ZY WH-Axet 4537t

YEHFL oS53 d&&S vx= &Y S5 Np), training count(T.), learning
rate(n), momentum term( )9} ZS YE YEYIAAAES gt 28 2189143
AL A&t ATtk Aol AFEE TR ket S [ 7)ol FolA
Atk 2 (2)el Al R R ASA, dFAS Hrteke eAxg ke AR EA
AHE- 5 AT
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ZEY - T
R = I =V
\/“EH T T 2)
[3 7] MEY ALY F7tE fst Aguzidgel Agsa
Run order Nh Tc n i
1 6 20000 0.1 0.1
2 12 20000 0.1 0.1
3 6 50000 0.1 0.1
4 12 50000 0.1 0.1
5 6 20000 0.9 0.1
6 12 20000 0.9 0.1
7 6 50000 0.9 0.1
8 12 50000 0.9 0.1
9 6 20000 0.1 0.9
10 12 20000 0.1 0.9
11 6 50000 0.1 0.9
12 12 50000 0.1 0.9
13 6 20000 0.9 0.9
14 12 20000 0.9 0.9
15 6 50000 0.9 0.9
16 12 50000 0.9 0.9
17 (C.P) 9 35000 0.5 0.5

Note : Nu-=7A% T w9 75, Te-AsA, n-8ts$ =, p-2HEZ, CP-Centerpoint

AA T B4 MINITAB AZE )7t AL&5 ¢tk ANNG| 7] %38 o =rd
NAEY AR ds AZEY o]l NNMODEL(Version 1.4, Neural Fusion,
NY) AH&3te] 35 Art. AP dole & Excele 913 NeuroSolutions 43ZE )] o]0

® A% % =9

Algdelddst A dlEda 1294 oA =2 Rebe etz 8] o
AlgElol el s S Reks eIl 2 ol Bl =8 39 A0 =
U

o e b Mastel yEY Y Bkl F7H7] WFolch 1297
7}
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[3% 8] Traing parameter 2 Run order ¢ Re A

Run order Nh Tc n u R
1 6 20000 0.1 0.1 0.6036
2 12 20000 0.1 0.1 0.6534
3 6 50000 0.1 0.1 0.6033
4 12 50000 0.1 0.1 0.6450
5 6 20000 0.9 0.1 0.5492
6 12 20000 0.9 0.1 0.5558
7 6 50000 0.9 0.1 0.5608
8 12 50000 0.9 0.1 0.5560
9 6 20000 0.1 0.9 0.5804
10 12 20000 0.1 0.9 0.6421
11 6 50000 0.1 0.9 0.6036
12 12 50000 0.1 0.9 0.6639
13 6 20000 0.9 0.9 0.4450
14 12 20000 0.9 0.9 0.5930
15 6 50000 0.9 0.9 0.4381
16 12 50000 0.9 0.9 0.5689
17 (C.P) 9 35000 0.5 D 0.6230

oft

0
Note : Ng-wA4F F9 w9 MF, T-AFA4 n-sta55 %, p-2WE3S CP-Centerpoint

Parameter R value during training R value during testing
COD-RE 0.8005 0.8579
N-RE 0.7919 0.7567
NH4 -N 0.8443 0.8453
NOs -N 0.8258 0.8184
NO; -N 0.8372 0.8450

]
2 YRt o] A3e AAY IJRRde {UER DAl
B HslE AgstA =3 =
A= GEgEs geofstr] fke] %
28] =gl mepelgol ofg Wzt
o} A A QI

2

X

S

oo

b
TR

O
Auj
=
P
o
O
o
ox
i
1 QH‘
M-
rlr
o
ool X B g 2 9 o
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OCOD-In OMLVSS
ON-In OC/N Ratio
O Salt conc O Aeration time
0.4
2
s — (] —
3 _
c
o]
® 0.3
o
g
5 i
&
2 02 t
El
]
0.1
0.0
COD-RE N—-RE NH4 NO3 NO2

Al A REE71e fUE, & ¥Aa 51 a
= A&l $=3stdl. COD, TOC ¥ FdAie FEs 34 A3l
9o NOs; -N, NO; -N, NH,-N, PO,”-P, &Z2 % MLVSS, ORP, pH, DO 3 =4
3} %
%

I

Atk AT A (29 20~3106] etk GE 4 zdstel Axy ed
SRR I PN

[ 10] &t48 97 Eot oA =4

L

Parameter Value
C/N ratio 6
Salt concentration 1.5%
Influent COD 300 mg/1
Influent total nitrogen 50 mg/1
Aeration time 4 hours
C/N ratio 6

471 SBR 74 C/NH] 2 &3 23] wel COD AAE&LS [ 29]¢F Zo] 70~
B = ThFsHA vErETh & dAAAES [27 3019 Zo] dEFEEE 3%E st
C/NH| & 622 g Al HMH dl ;A 987l A 7HE = A YERSTHCT0%). 12y C/N
H S 22 3 19, 29 wkgU)o] AlAELE 40%° w XA FEFP) v = 9kg7] Abolo] ¢

o
- A
& FE g A= ol O G2 FE dAA Fad 9L oA = A



HFE719] MLVSSE%E [27 3113 o] A4

!

Holl w2} 5~89] = (Day 78)

A 2l

, W& C/NH|
Aoz yet C/N

],

C/NH| 7} 6°] AR

-
R

A

s

50%7kA 74

ke
T

o
e

G

9|

Condition 11

Condition 1|

an
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100

oz ‘lenolsal 12000
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120 140

100

G0
Operatingtime,

40

20
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— s R4-CHE,
HaCl3%
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— o0 R2.CHZ,
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—+— R1-CH2,

Al SBR HF-g-7]el A2l COD AAE

_36_



100 4

Total-H removal, %
E 2

20 1 Acclimat atiu:uni

—— Reactor-1
—{— Reactor-2
—k— Reactor-3
—+— Reactor-4

Condition Il

0 T T T T T T T T T T T T
] 20 40 1] &0 100 120 140
Operating time, days
[29 30] £¢1#4] 23 A SBR w&7]oAe] & AAaAAE
10000 -
) Acclimatization Condition 1 Condition 1l
5000 -
'E 6000 y
2 2000 -
2000 -
0 — — : : :
0 20 40 60 30 100 120 140
Operatingtime, days
—+—RI-CiMg, — D RE-CiHE, — & F3-CUME, — % RA-C/HE
MaC 0.5 Ma Cl3%% Ha IO 5% NalCl
[ 31] Q2182 A3 A SBR HF&-7|o A2 MLVSS 5%
= 879 A3d & A= ANOVA(Analysis of variance, #2H#4]), pereto, &+ &3}
9 oA aHzE S SAHeR FAste [29 32]o YEMAT svbe] WS4
ol C/NH|(B)= 9% #Z=A)Y ZF7] AZHCO) Hld] BE S W & IS v
o 9% T=9 C/NuHY FE#AAAB) &3+ Fa AA IFS v, =3 97
FTEe F7] AT A #AA(AC)E CODSF TOC AAEN F23 Jgs 1= A
o Tk B A Ays AP fERY FHA e 94 §%(05%), =2 C/NH|
6) Lgar Z7] ANzZte R 39S W AL, COD, TOC AAES zHzF 94.7%, 94.7%,



9.2%=2 HA 4 279 Aoz ey
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1:1

(% 120 Ae] 4bE wulAde d@ NEABARE Aelstdr) [E 12094
ug AFee AEAY F APERA A 71%2 FRehn gon, AeFe
% AgA el 561%E AAsa Uk mpAgow Ay FEoAE ABALY} 19
Ak, FFAL WAL, S5tAe, R0l 7 3
(& 13)el= A a7 :

A g
FARTEARG T AME A% TFe] QAN thrRo] FABH A E/T A
olth [E 12114 A Fele AR F ARERI 5%, AEAU(EE AAF) F
SEFAANNY FUAL 82%, FEAA(EE AAF) F ALFRALAL A

7] 33% So= Byxsi 9t}

AP R 55 AgAIAdo] 81.6%, 4% HAA 129%, 3% AAA 46%, 2% A=
Al 0.8%0l9 e, 18 APAIEL gl Aoz YEy:

Ay dEAM = AEAL7F 403%, THAE 133%, A 7.8%, =] Az
2.7%, 9EFA Y 126% 0201, 1032(1.2%)0l = a=x]gwajo] x5 o] It}

[ 14l [% 12]19) ks A A FolA dmAd Hel571 g ez Bz
UE TNAE AL UnA 3d/ae d3S AFEstrh [ 14]94 BH e e
Al sole] 104, AEAY F FANF7F 27704(79.4%), MEA (B A5)F 8
TUAH AL FYA7T 67129

AYFEE 1, 2, 3Fo] Z4Zt 1A, 45 A Al Aol 10714(29.4%), 5F =gl Al A o]
212 (61.8%)5 At vk A dHAAE AEAH7E 19MAZE DA A W2 9
55.9% 5 AAstF L oz FFAI 117/12324%)E A5
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& 7heAA (84270 %)

YA+ FAE TN AN | A | sE | S| A |G| AE|dS | AT A
A 5 1
ANeAe) F 2 14 2 11053 3| 23[10]50|66]24]23]463
A (s 985S
_H 12l Sl 17 1] 7 2 8 | 32 69
st AYAE F4
MEAE(EE F HJAHF
ARV A(EEeA) HeEE 3 1 1] 2] 2 10
4 A Al A
=]
| TEAYEE 9y
g | FEARC s 21 2 | 2 1] 2| 28
g | St TAYANAL FUA Y
H | ZE5Ae(we L5
AAVA (5 FRA) AFE 6 | 1|7
4 A Al A
TEAY T A7 24 4 401 |7 40
BES 15 T2 1 1159|8106 1|12
e 22 9 | a1 5 Bl 15 1|
13| 5 3 |24 [111| 4 | 44| 21 | 76 | 88 |319] 28 | 842
0
] 2 2 3 1 1 7
A
al 5 17 10| 7 39
t 47 18 2 1 38| 1 1 5 123119 1 ]109
L5
5 88| 5 | 2 2 |24 |53] 3 |43 |2 |7 |54 |23 27 |es7
13| s | 4 3 | 24 [111| 4 | 44| 21 | 76 | 88 | 319 | 28 | 842
%% 40 5 | 14| 1 319 15231 |n2
27 2 8| 3|9 23
e 24 2 1 4] 2| 8| 5 | 1837|174 18|33
A 55} 1 3| 6 11 ] 8 33| 2 | 66
2] ;
Y A 8 1|1 10
- BERE 18 1111t 89| 8| 11]4]| 1 |06
A %91 3 1917 1 ]30
7€ 2 14 | 44 % 512 2|5 |15
13| 5 3 | 24 [111| 4 | 44 | 21 | 76 | 88 | 319 ] 28 | 842
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[ 14] ek F2bE gujA A (34714)

PA T FAF A | A A | AE | e | AE | A | AR | A | AF Al
WAl 52l 1 1
AdAe & A490H | 5 4 1 2 1 8 4 1 1 27
A A2 (E= QW 4)3
Aalsaguea pyae ! ! ! S
A
9t 2]
FEAY F A9
Al 6 5 1 1 2 1 1 8 4 3 2 34
1% | 1 1
2% | 1 1
) 3% | 1 1
T 4% | 1 3 1 1 1 1 1 1 10
5% | 2 2 1 1 1 7 3 2 2 | 21
Al 6 5 1 1 2 1 1 8 4 3 2 34
T 4 1 1 2 2 1 11
= 1 1
s 4 1 2 1 6 2 1 2 19
2] s}3t 1 1
A DERE 1 1
WA &<l 1 1
7] €}
Al 6 5 1 1 2 1 1 8 4 3 2 | 34
[ 15]el &= [3E 14]9] ASkAS FA4HE dwA A (34714) oA BOD, COD, SS,
q, FHA T 5N FHEIHY 74, F ARV FEREE 1LY FEAEE Xé?/]b‘}

Atk FdF2ELS BOD 90~4,680 mg/L, COD 33~2500 mg/L, SS 91~3572 mg/L, &
1 1.29~372 mg/L, &4 23~350 mg/L 59 2 BAT FEFE2 BOD 22~70
mg/L, COD 5.6~67 mg/L, SS 2~80 mg/L, £<! 0.09~18 mg/L, $2 4 5~46 mg/L&
ZALE AT

17704 Hgk 7225 BODEES A7 &0l 96.9%, CODE 94.4%, SS+= 94.9%,
ZOlFE L 917%, AL FELE 786% AAE&S YEFNAT

_42_



(1770 22)

24

4
Sl < < | <|<| <] <|«
als gl s/ s|s|s|ols]s]|s < | < 3
Sz F| 2|22 |22 |c|Z2|Z2]|Z2|"|Z|z Slels|elo]|3
W -
do | o | < < | < | <
T . . SO T T - T B < | < | < 3
W | | Z S 2|22 |2 8|22 |2 82|22 a|=2|=2]|¢8|¢%
™
K n o < < B 15 o o v i
- n A 2 I ) ~ I3 — % & N & & NS & & N 3 & N ot
ali -
BH
o @ @ S 39} o N 7o) < h 7S 2 o) —
& 3 — I3V NS — — ® I39) o $p) e 3 N N % 3 R /_.m M_
ﬂ o
Mo @ < 2| Q <« o | o 10 g o o *® o o B
: R z — X I3V — o « L0 D = NS R B N 5 R n m
o Slelgl<l<sl<|<s|<|s]<|<|<|al<|<|=< 8
. . . . . i . . . * . . 0
& TIEB 2|2 2 2 22 2| 2|2 |8|2|2 2|8 BR8]
W -
ol ool ol < <|<|<|<]|g
. < <] < | < < | < | <|a|<|<|< 2
} N i 1 3 i 1
w2 8| Z|ZZ|Z2 2|8 Z|Z|2|8|Z|Z|Z|"|*|5§ 4l e
™
03 o = m = 10 = = o W S o o o o o o o IN &
_ (e)
mﬂ ¢ B85 |g|g|z|g| |8 g | |s|2 /2|8 |87 2
BH
o] @ =) ® = 9 =4 o 10 h o o o o o = S = R
(=) [s2)]
c C|F|E|B 2|58 |8 |g |88 |F B 2|2 F |7 SH A N
— Lo
a < 2 o o N o
y A To) U S o o = 3
Q= 2|8 8|2/ 8|8|2 2|8 8 2|8 8|z =5|8|8|=]4+
®° < e % -
h = o o ol
% %o w % " S EIRIEE
5o TR | o | o | R I I = % % s
4 < Y < 5 B B < o ~ o il & = e
3 I o R 2 I T - B
AR AR AR A AR ol T I - S (S A L I I
il 0 o O O o B o G o T I N ol I =
2R E I I O e L B P - O I 1 - 4 B
RE | RE | &E | oo | o | o |o) *oje B < |® BE| Nr | o | x* |} oF| X

]’

% BOD, COD, SS, &%

v Al A

"Tll'

) AXA S 34742

_43_



tgom, of

A~ =)
s

2001 ]

o
=

&7 2 (2001 ~2005)

Mo

bl o,

I Abge AE

A

) 45 ] A 4

(2001 ~2005%1)

&A%

3o

2
oF

BH

ﬁo
)
0
1o

A3 o5}
ol

of oA 700mold el el FAgulEAA

8l

o]
=

A A8 5= v,

S

Ju) 7} 3o}

IR R=X

Q12 A a1

ki3

i Fh7d Bs ol o

9]

9/]

]

- 2001 ~2005

- Asirl

NF

o

o] &7

i=1}
=

o NN —~ M
Slo |3 ¢ dn
S| R o
— O —H M
=t
Sl | e 3r 2 A
N o T oo T
AN AN o~
5e)

Sleo 4w ® @ m
™ T T Re o
AN A

N
S| Ar An
o &R
[a\]
—
Sl |
(o} ﬁo
<
— o}
S % An
</
Xq | BT
| X
Mo | X
we |
i
(|

P %A 9

B/

Te) o
ol o
Sleol &8 1 F| @
S oo | @™
<t o
o | o
S-S | 2| S
S RN
a2 o
ol o
Sle | 8| F| @
S oo m
1 ool o
Sl & || =
S o | B N
= o || o
SBla| & || &
N ~r a —
8188
TIQ| & | B B
3 e | —
sl = |02
O —_
|
¢
—_ —_—
< o0 =T

_44_



71 & ¥}
- AL AR Z FAAUR T e} o] Yl ALE A e AikE Al
- Y EGFA A FE F oEFAR ST HA - FPYES FozEHN A S
Mo HFIANS JAES FEste] sFodwlx] &4 A

Ol
o
22,
o
£
Do
(@]
(]
Do
rL
o

}
A RSl B H(T00m o]

il &) d 2 =
= AR deAAd A Ak FAR dito] m g H
webA 20029 =R =AM U S SRl A, HH T FAteS 24t ke
std s fAastetal g AA(SE - AlH)A] st deE A & s AA
S AR - FdGste Aor vHte] ‘AkE FE g APAATE AFIA Aol ¥
dE o] ofefel o] 2004d7kA AlFE ATk LEfrd oA 20051 o] F A=A 9
gt a7 A Eojok st dAR FF FIAAY FHS Esha = Ao
=2
eh 2004 d7bA4 = (FAtE Te s AgA)
- 2Ma(BE dYT A, A5 2 FEER) 9T
- DHaYd 24 AXs) 1984
- MA@ E g9 ) 1 99~"00
- VHA(EE dYa SAPA097d 1A, A AR A 02
- 20 a(E A, A ARE A 103
- (s d49a) 04
@ 200274 =44 (ks A9
- 257N 9 4) 2000 7HA
- 25 2) 22001
@ =3t dAg Al HE
FrE R HeAYAE Bd AAsts du i Aa 200197H4 FAkE E
T AYANARZ AP gkont 2001 d = &l F3HE F A (2001 ~2005)F HAl =
70 99 AFFAYAE AT AFAA Y stE B dAeAe Ald A
Aoz FAH stom A A7t FAE Aol FXH A Fsfar, 2002
FE AR TEEeAgA AR 20049704 F1E 0] ghen 2005k o] % FX1H
A Fekar
A A Ade EYsted dAE Ade AEsH] fleke] el A
gAY SAHEAY S dESAT [1" 331 UAl JEol Aol dAv ¥
=S UErd Aolrh. TR et o] A= e st RESTFR
AbgStaL o s, & AHsE AeE AT - diaes R o9d



—1

of glo] IYE uE WRHNBE AFTYFE FFAGFOR Bk AFHED
25 m/elm Folgagolold Fr sl Aol Hohgl 4

stol HeEe FEsel Agsu 9o TFE §5E FolAFxIM OVER
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Z2(dliz=) : 2,160m /22— E2(EOUHEE) —-=23=(dlz=):2,160m/

Hi== 5m' /2l
v

OH Sa(ma) 5T/ —- M & F

! . !
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| oz
& | A = - 63.4 60.8 68.2 48 13 17,800
@l AE A= A AL - - - - - - -
Wz T
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&3 871 (7 9) | 5.8-86 80 90 80 30 60 3,000
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(3) Bench Scale

7h fr71= A g

Al
=

ol og A4 At

Bench Scale 7F5°] SBR &7l &3 x717HE fFdg9 FE5] gk CODon
2 COD¢ol & [2" 39] B [2" 40101 “eER AT

200

150

100

CODoH(mg/L)

50

250

200

150

100

CODcr(mglL)

50

A7 ¢ B A1 #HeA g Aol A
mg/L, COD¢2 72.0~200.0 mg/Le] Bl = w37 W v 5= AT

AR J

¢ inf. Oeff. R1 Aeff._R2

4

* S

4

A mop Eém AAn mHA BEA AAp BA

0 10 20 30 40 50
operation time(day)
[Z1¥ 39] &%7]17F¥E CODon F°I
¢ inf. Oeff._R1 Aeff._R2
& . .
’ ’
i .
. .
% a O O g
O
A B R
A A
0 10 20 30 40

operation time(day)

[2% 40] 47138 CODc, F°l

@9 A= & CODon H-ot& 3 10.0~47.0 mgCODon/gVSS/day ¢

AT
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Aol Al Fols A¥rw, CODon®l HFit FdE=+s 944 mg/Lolw, 19 vES
719l Hit FE5EE 85 mg/L, Zlﬂ 7] 99 mg/Lel o= yErgt 53] 204
o] F FAkA FAolA )R EAAdS FAST 1W wEIS R HAAS FYstA ¥ 2
WoRkETle] MR #UlE RV A FolE Hof, kL HA R QR e
ool FEFY fUlw sk & IS MAA ¥ Aoz FIFEAY

FdsE el "o CODon AdE&s Adrw 1 wg7] 87.7%, 2% RES7]
875%= ¥23 o AYres BAoH, &9 vmAds = 2 AGANT Hit
CODon AEl&&s HAuEd 1 ¥vg7] 239 mgCOD/gVSS/day, 28 ®-&7] 26.0

mgCOD/gVSS/dayql Ao = = ATh
Pilot 7752 SBR &7l o3t &7 Fd2t F&=cl e BODs Fol&5 [
& 4ol vreER de

250
¢ inf. Oeff._R1 Aeff._R2
200 e . .
IS
—_ IS
S, 150 |
£
S *
a) L
o 100
o " . .
50 R O O g 0
A A D A A
O | |
0 10 20 30 40 50

operation time(day)

[29 41] 47178 BODs F°|

=717 &9t BRI HaeA A A 2 FHE A4 BODsw 66.0~350.0 mg/L
HAZ 871 Wl PAE w=o AgAzts 1dg &9 vAdE & BODs Fst& &
3k 187~92.4 mgBOD/gVSS/dayd] <& WS H
Y= ¥ H4 BODs AglaeS Adnd | @ Hk-S-7] 92.59%, 29 J‘ 7] 94.0%
E I AYEss EoH, @9 vAE v B AN H BODs A g
g&S A¥ERwW  1H ®&r] 351 mgBOD/gVSS/day, 2® }% 7l 381
mgBOD/gVSS/daydl o=z el g},
271 e BODs w29 w7y mAE w55 s F/M ¢ 230 §FEF
st AAE FolEs (29 4217 [29 43]9] YEeER AT
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o o <0 O &

5 <><><> <

(o4 o g
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0
0 20 40 60 80 100
F/M ratio (mgBOD/gMLVSS/day)
[Z29 42] F/M 271¥ BODs =4 5% F9]

—~ 100
§ OR1 ¢R2 0
)] 80 |
%)
> o
K%
o) B
8 60
o)) o )
\E/ 40 r 0@28]
g ini]
: g
r_;s 20 §
(@]
=
o 0

0 20 40 60 80 100
F/M ratio (mgBOD/gVSS/day)

[29 43] F/M %71¥ BOD; Al A& 30

Aeld ZAyes AyHEd, AV F O F/M v+ BODs 7l 187~924
mgBOD/gVSS/day9] WelollA =St BOD 7= F/MH| & Al AE&Ze] Folg 4y
HM 20Y o] % ofFaAade] £ 19 vhg7]= A7l SdxA3kelA 71L7]7F 0.99=2
Al Y fFrIEY diRe] AAEE Aoe®E YEyoy 2 REg7IY] A9 F/M H] 50
mgBOD/gVSS/day©l/de] A 7]&

TEE Ay

N
N
NS
o
3
ﬂ
frt
2
X
o
o
B~
ol
B~
o
po
o
fr
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= A
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0.3 -
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(@] | Pie
g-_(g 0.2 /4‘
w (')\ "’
c £
c QO -~
2 O .
S8 o1 | %
E < @@9@
T
""é
00 ==
0.0 0.1 0.2 0.3
loading rate (kgBOD/m3/day)
[29 44] BODs €443 BODs A1 A& o]
Aed 2742 A7 BODs £4%31= 0.05~0.28 kg BOD/mY/daye]l ®9= ¢4
= le %Elf%ﬂ%(kg BODs/m’/day) Z7}el uwel 248 (kg BODs/m’/day) %3 &

E‘r olgidt F7F Fole 7|e7] 19 AAI} AL FAS 77 ]E
0.28 kg BOD/m’/dayo]3te] ZaAdE L3535 A0 A3l
T Qow FAHAn,

(b FFIFH A

Pilot 7= FAd <93 FUd4 =
NO3; -N Fol& [19 45]¢} [1¥ 4
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100
¢ inf. Oeff._R1 Aeff._R2
80 |
—~ *
—l
% | . . . ¢ ¢
E MR PR XA **
+ 40
I
z ¢ @
20 | é A Dgé A . g
0
0 10 20 30 40 50
operation time(day)
[71] 45] %1717+ NH, -N 0]
50
¢ inf. deff._R1 Aeff._R2
40
A
- A A A
S 30 | A A
=z A
? A AAA A
g 20 f nAg O
O
Z g - DD m
10 I 27 eye oob g
* *
¢ dag e .o ¢
0 | A P X ¢ ® &
0 10 20 30 40 50
operation time(day)
[Z9 46] +4717E NO3 -N F¢]
AYANE AR d §45W NHY -NE 32.7~65.9 mgN/Le] H9E Hon Hit

puld H
46.7 rngN/L ?Jﬂﬂ 1 9-g7]e A Ft 154 mgN/L, 2 9-&-7]el A H4 169

A 2 30°‘ O]TOHE 1 22 =2

At =k Ao A pHEE R Az gador o
B3 A3} 486 mgCaCOy/Le LFEE=
5.3 gCaCO3/gNremovea®]l £EE&S B O™ ol 45 mgN/L Bx9o Aists
o} 15 mgN/L Axe &d& F3 HAJo o3t z1o=2 gl= A},

Mo Y e



NO; -N dd4+%& Ay fFAdH NO; -N= 05~9.1 mgN/Le| "= #FA = A
ow x7] 15¥7te] W& AAbstEd wel NO3 %7F 10 mgN/L ©]st2 A = ot

o] 5 HAlslu] A & 2 %*é 7k kA oA gAY ol 93] 30 mgN/L7k
34 g/gNe] o F & FI3 1H vkg7] 9
[e)

2= =
a 10~20 mgN/L 54 A48 & A& Aow ey

Y
O
o
il
o
X
(i)
X,
i
2,
[ o
OHH

NO; -N9| 45, 7] 20¢ 3t 2~4 mgN/L 72 S45 = 43S BAo 20¢

FFH 1 mgN/Lolati FAHo] $AdAAE} s

Folt NHy A7 W8 A4 dxshs 2%

QNS FE E7h 53 fde] g Ao
Pilot 7% #49 @ f95 % 24 =4 W

(2" 47]e YHEb At

100
¢ inf. Oeff._ R1 Aeff. R2
80 | .
. * ¢
3 60 | . .
3 *, o o Ao e
£ . NN AD
Z N e . O \¢A A A AD
40 . Opn A
- égé A A O
| O o O
20 | 0gg B°- o H
0
0 10 20 30 40 50

operation time(day)

[29 47] #4717 T-N Fo]

<

AAdAHE Ay YW T-N+= 36.0~80.0 mgN/Le ®HHAE HAow, Ht
54.3 mgN/L=E Hokg 7oA Fet 324 mgN/L, 29 ¥hE7]el A it 38.6
mgN/Le| #F&5=E Btk Fd A& 1H ¥v-37] 43.0%, 29 ¥v§7] 23.0%=
A= e, o 2 T-N AAg] Ylezys 52 we /N Hld 7]dfha

ﬁ

At wetba] 1H ¥kS71o] AE 20Y o]lF FAA XA A QREAIS T3
fow, o1 Ay FE5 T-N %7} 20 mgN/L % = A8 gl

o
UAATE 30 o] Fo] T-N AAE2 1™ ¥-57] 60.4%, 2¥
A= A

Pilot 77 &4 o3 = H 4 =40 Wsld @& C/N ¥ T-N Fol& [
# 48]ell HHERW AT
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[729 48] C/N H[® T-N A& Fo]

Aeld ZAxE 53 C/N ¥ #Hit 3322 HFAen, 1H Hks7]d A
mgN/gVSS/day, 291 WH&7]el A 4.1 mgN/gVSS/daye] AAEE RATh JFerd
JA71E 7IEo® AAE Folg A¥ERW, JFaird F9od y
mgN/gVSS/day, 2 WkS-7] 3.3 mgN/gVSS/dayolR o, ojFetiadd F
<71 105 mgN/gVSS/day, 29 Hkg-7] 53 mgN/gVSS/daye] #lol& H )
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T 85 mgP/L=
1 6.3 mgP/LY
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15]
7] ol A
$7] 26.0% =

= 3
7 58 mgP/L, 2¥ ¥k

j
. .
3

7] ol A

TP %
T-PE W Wg
warh BE AA

H
A AL o] 40%7HA] kA
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=

A SR ol
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o

oo

FaL 4000~6000 mg/L
_ﬁL

S

| 9]
1%
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operation time(day)
[29 50] &%717H8 Cl Fol
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£ 2000 |
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1000 |
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[2% 51] A7 mAE F% F0
3 A3 2 A&
TAE Y AeAgTIEd A&s A5 Ad FAE AR dAeAE 39
3131;&}, SBR %%hﬂr AA 7Hedk =d3stets M52l AE B Bench Scale ¥-8-71(30L
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A2 A A= A ok

LosI71% @A 2 25y shef

SISt 20041 8UHE 20051 39 Atelell 103 zAY Sabdlv|E WAY E¥E (#1819
2o) 2AbE Ao @l 27 (A, B9k Aol fuld 12 E(0O)E dd ez AA ST EolA

san

= 7 AuA] AR A 01% JJrﬂHXq Jwdel dAd #Hrl=2 19 Hvr oF 10.7Kge]
ot AL Aol whet FEsl 2 WEs yErdnh Ado] A A A A E428
= HFAoA wEE = we, W, A=n, A2 ol FEE olFH Fud el ¥de] w4
th o] oA mEHE HAVIEY ¥ 35~183 Kg/d® X &5 Uehdo] 47t wiEF
o] Zpol7b 5 o] yEh WFo]l Z Aoz uyEut dolE Ao M s diiE WA
2e]7] flste] E2sks AAA TAEE AVieR F2 W FFE ofFUT TAF 2
A= 49~280 Kg/d= Hit 106 Kg/ds YElWol Aol aArje] A& mjEdFat Ao w4

0]’ pYS E}

[ 18] Production of fish offal from fish market(Kg/d)

A B C
13] 10.9 14.0 15.0
23] 11.0 15.0 28.0
33 145 18.3 4.9
43] 10.5 6.3 5.0
53] 11.1 6.5 8.3
63 16.4 4.2 11.0
73] 12.9 9.6 1.8
83 13.0 7.8 9.0
93] 158 4.5 5.1
103 13.7 3.5 18.0
Ave 12.98 8.97 10.6

S AR Y s Ao FA|E BHAEAHS A4S 9Ete ks Qe ES %
2 4715 A EFS FAsAT 1A SEive dxd Fo AF ofFy ofFd A EFS [%
191¢} 2o
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(% 19] 4% WEE FR 9wo]E

9] ton
o F } L - . N L L I B
O | gl | wsls | BA | wAR | AR A%l | 32 | Adeld| A
19991 17,568 62,816 50,393 177,041 11,177 223,751 19,065 12,364 12,993 235,608| 822,776
2000 13,667 76,502 31,291 143,002 19,611 193,049 25,271 19,448 19,550 171,733 713,124
2001 12,811 79,520 24,393 203,011 5,267 265,364 25,373 15,455 7,947 178917 818,558
20023 12,241 59,948 19,687 141,707 6,938 222,598 25,758 24,294 10,939 149,223 673,333
20031 10,940 62,801 18,893 122,056 1,389 245,309 22,312 19,519 7,099 113,050 623,368
Al 67,227 341,587 144,657 786,817 44,382 1,150,571 117,779 91,080 58,528 848,531| 3,651,159

(% 19] % [79 5209041 & & Qlevksh 2ol sluor ¥ /bg we RRe AAsts
ofFe WA, 3Bl XY AoE vehgTh e B4 9Ae] A% @AvjA wEel £
flo] TR WuiE AL 184 gow Ax 59 BPL AXNE A Gl Wi A%
2 oagEE BRe A gtk mebd A2 WY FHAA mW nFojs BA AY F
23 olFolth (17 54IM RepAld A gwFe] dmw wMsts e ax gt Ao

G, L Aol ARAH 2 ATE FE AT A ofF gwee] vheh:
NEAS AFE7) Sstel AT 9 el mA FAA A SRS

Jlelolz JPIR 2 Ol
539% 2% 9% ZEolF m x|
Apx7 4% ozolw
29, Onso&F
A E
MZMo|& 2% muxF
2% B AR
OxoIF
SeNbs x| 19 W EET|
3% 309 W7 |ElofF
[19 52] A= F8 913 ofFe] 4 &%
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200,000

19994 20004 20014 20024 20034
Year

[3 20]°lM & &= lenbel #Zo] flawds adwds 7Ieos A7 o ofqke] s-gvhet
KA ol A X}X]O}L e s v Ao veht fadga awes Vg o 47
3.3%, 34%4 e Wlas AAst= Ao yEiyt a2y A& el e kA AHaEs
- AA AE AA k] 83%, HE A 92%E WAkl AA S AoR dERY A&
U pabm anlEe] el kAl el dviE = Ao yEsh.

Tl A F2 A= o Fe] TR A= AuEs 22 vEhd [ 2119 24

[# 20] A= S8 Sjse]Fs} i
el ¢ ton
1999 2000 2001 2002 2003 Al
A= 822,776 713,124 818,558 673,333 623,368 3,651,159

9l
N 20,009 22,345 26,195 26,276 48,783 143,663
&

fiaas 16,866 18,120 23,159 24,218 37,354 119,717

9 A= 1,205,776 1,293,695 1,419,978 1,321,102 1,129,629 6,370,180
s
L | AE 41,094 48,788 47,693 49,751 48,788 236,114

=

o s 34,512 37,354 65,298 43,859 37,354 218,377

_64_



[% 21] 2N F9 ofF Fuje
@9 kg
e
o 5 1999 2000 2001 2002 2003 Al
<
A 1,164,600 726,921 1,146,921 347,972 676,630 4,063,044
e 2,103,415 - - 194,979 - 2,298,394
227 - 1,389,791 549,425 397,208 507,930 2,844,354
A=l 1,075,380 1,099,651 - - - 2,175,031
% v B 173,280 - 326,966 669,578 503,385 1,673,209
7] e} &2 - 731,495 449,332 - - 1,180,827
A 221,540 281,479 349,650 267,119 - 1,119,788
Ao 5 - 360,072 375,361 - - 735,933
A - 4,354,295 4,960,295 9,735,227 3,022,830 22,072,697
ol 5 o] 7 - 748,494 739,580 - - 1,488,074
A - - 309,330 501,835 517,155 1,328,820
Sl - - - 232,001 - 232,001
H o] 505,860 - - - - 505,360
5ol 199,935 - - - - 199,935
50 365,930 - - - - 365,930
7N 7 o] - 309,335 - - - 309,335
o} 7] - - - 398,317 261,264 659,581
= - - - - 185,768 185,768
v o] 7 - - - - 313,868 313,368
= gn - - - - 329,226 329,226
7] E}o] 7 9,622,942 5,212,589 11,998,998 9,873,707 1,167,815 37,876,051
FolA & = YAy FZAFAER] 99 ~03d o] 513 Afojof fEH = ofF o] W3y} A
AX T FujolF s AAHS 77 f4A oy 7 e aEa A= oAF2> 2A,
a2 27, g5, AAF ToE A4 Eyxoe £ uUE AES eIt
B AFoNAME AFE Aoz A o] &EFA Yo s FAkEo A ol Bz Al
A 7 o] ZEH A HI|E HAlo] Ho] YoE oFor A9 1Foe &HA Y=
FAEE A YA A A2 ofF ES AT Ao s AAgstd
stH 9 HU|E BA Y FolE AHYer] fste] AaE Veew 99 ofF AAFsE %
2 YehE [F 22]9 #a ol adze FASHH [ 54]9 2t
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[ 22] A ABF WA o F ABH9~034)

9] ¢ ton
a=
9 1999 2000 2001 2002 2003 Al
1 114,849 86,630 60,956 69,586 68,661 400,682
2 54,789 49,450 49,221 55,122 42 857 251,439
3 65,367 63,450 76,795 55,166 47,203 308,481
4 44,890 36,869 44 181 34,253 23,218 183,411
5 50,371 38,700 39,935 34,156 33,179 196,341
6 43,444 35,214 30,142 25,316 30,643 164,759
7 64,593 37,223 63,903 38,998 54,808 259,525
8 62,507 48,082 76,967 54,748 55,797 298,101
9 55,656 52,926 79,628 59,839 47,965 296,014
10 73,793 73,565 94,600 66,330 63,360 371,648
11 76,759 92,517 101,023 93,274 84,124 447,697
12 103,368 86,978 101,208 86,546 71,552 449,652

500,000
400,000 | o

§ 300,000 —
o

=
o 200,000

100,000 |

>

TAEA o] F 2 5dZE o] F YRES vjFow 9w uES Avu
o2 [2Y 54]¢} vl w3l B T} R
N2 AFE o]F LuFo] Fsle A

‘
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(5) Aste] FelA A AV =

(6) 7 dAoNA = S #H7]
AR 7?

(7) @A AFEFQl 22875 Fo #g oAL?

(8) A A A% 27T 139 EFHE W AjdE R NFE o AEYY
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WS AT 7 vk A s e ojwl ol A7EEA Y72
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(10) 18 A7 +=

(11) g FHol H22 247] AYAldS ddstA 2 45, A9A sAFU7?

(12) o7 FHe A2 287] HgA|do] AX vt Folo] 7B & FAlgtar A2sha
Y72

(13) A o]7]Folo] =E S 93t Wb o7 714 nazsl AL ol Aolagtw AzaAyY
72

(14) Asts I3 HA7)2 oS Zaa A2 Y7?
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(15) AFEFS Zela7sHA %}i 7]
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(16) #Astel &4

d < oyl sidHuz2(o 3 A= A9
(17 ALE 7tsF 5 A5 AVl=d st WA He FEC B4 FHAL
(18) & wi=d A&&FS #7177 2H AsU7?
(19) S13ZoA &4 AFEE Sde7s AsH 7P AlastA Add 12 79
oleti A7tk Y717
Q0) 1B AN A2 DA 4G A Adaol B AL Fololehu Az
72
EREER
(1) A9 A7 Bl o AuHel o4 AE A
(M8 237| ohzZX) (o] & H 7| 20| ol o|xl= FE&H
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K
N

. AE

ol Awz:Abet HY|E AT 2ALE Fote] AW HvlE e Ueke sHs] 9@
Z1EAQ AEE gl S FaEvIEe] v 2 2Ae obF A, FE
o ek BAG welEe] HA &2 ol oF AFEet viFe] dnt 2| b
2o & F Ak

A g 27 iy FA0 dd AR @A wiEH s A e B3 uf Yol
= Aol dste] dedEe duE JEE 4 1T Ao A oe A
ek S 75w o dadnh £ ARlEe A ES AW FTEA Rl
gl Aol diste] AuE TAS =70 oA egken dnk JQle] AbRR ARgsr] fle
of FAd 7= Aol date] =& Aa FAFS JEAT

FAEE A AvlEel FHstdA B = o HEZAR Q& we FAsTE S A
Fakar ATk o wiel skl 2W Frs 7k Aol thato] Rkshal )19

Add 7B Aesty] A AdEe] el AxsE Arge deiM e o U s
A e fAxd S wdetA] S Zom 2AEC A 84S =7
Sl AeR B At TFA gl "ol wiEshs AlaE shelds AR A=t
ofuel nidgA 9k Z1E Atk 22 77F EAE wjEFH I gl FAHSRE e

AGEE Ao R Bes W A4 SRl Adef, Aol dwjdelEe] Hitifol sk v
T oEAL wEge] vop et FuyE gaEojol & Ao melth 29X g ot
A7)l Ak 22 717F Aol 497 AL EAE AoR Atndn

3. Dry Fermentation % & 7}s4 #H7}.

TS EHAA vdes #HVIEY #7148 AEME SAe BUsh7] flskel Owen
al.,(1979) % Shelton et al,(1984)°] ¢J3] A HE BMP FAHS o]&3sto] #A7|&9 T
TFHH ME AEANE 5SS ZASA. o] W2 Hungate(1966)e o3l 7)d#
Miller et al.(1974)¢ o]3] H &= o™ Healy= © HHS ol &3te] A= sgES 7]
AZAEE F45EATE 1 F Owen et al.(1979)2 SAHWHE 7%kl Biochemical Methane

Potential(BMP) AW & Altetd=wl ol= AFHW e 7tadAds w4 g d4dow

ox, b W @

N

UERe] £ 71 digk vEegs Atz ARsEE S48k ¥Rt BMP =

M Shelton et al.(1984)e] & L 7]o] FFEA Y BA7E29 Gz 3] 7k~ &

A AEs AEstrldls A7 vk el G o AAHA gk & e AP
i

ARE FAA RN MERE FAA A/EZA 4 wol Bl
sk AANA AT A7 EG AANFS FAs] HAY R s @
=

aAE & F FRu
2 9% Ra2 ujsto] 500mL &%) serum bottled] FANAL. PN 2 F2ate] A
Bol AHEE ARS B TP FEE ofF TR we 20~31%4E RES RGD W
o A% BT 165%ATFA. B APel g HFNe TWA H5AYY 2stze] sshs
UAE APAR oEF F 100mesh AE AHEs] BEES AR F FEakel 4ol A1g

th Aol AFEE AF &3t S8 A 9] 542 TSS 131 g/L, VSS 92 g/L, pH 7.47°]
A

o o
AA L= -
M AFHFS serum bottle §FS 7o w2 °F 20%A vt APA = Shelton 5(1984)°] W
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o wg} 500mL & HF2 serum bottled] 21F &E#AE 100mL T3 &

100, 150mL=Z FYstF o AA| wj=e] yYm ] Fujio djste] o2&

E AAS = AAVIAE EBo] Yo Adg&El 35°C 71A] 23] "ol&+E A HA
o]

A
&
g 300mL= stk @714 wiA= [% 23]9F o] Shelton et al.(1984)c] 714 AEs|=
a
ol

(Rl

Z=Ao| A8y WHa o] A xste] Algagr. BE AFL duplicate® A A5
35°C &4l 120 RPMe® &%= A&7]elA mjgstdrt. E=3 7143 wixeh 4F
S Y2 Blanks 593 2ol Wa st B

[3% 23] Characteristics of the anaerobic media for anaerobic biodegradability test

Compound Concentration(g/L)
Phosphate buffer KH>PO4 0.27
(adjusted to pH 7.0) KoHPO4 0.35
NH4C1 0.53
) CaClz 2H20 0.075
Mineral salts
MgCl 6H20 0.100
FeCly 4H20 0.020
MnCls 0.0005
HsBOs 0.00005
ZnCls 0.00005
Trace metals
o CuCl2 0.00003
(modified from Zehnder
NaMoy 0.00001
and Wuhrmann)
CoCly 6H20 0.0005
NiCl; 6H20 0.00005
NaxSeOs 0.00005

FAbE H7 =] g AR E AFA A4A Fokes Tob] flske] Al A TR #H 7]
o

S|
nBole 24, off WFEE Bulele] AAR 5 wEe] AALE setA 2 oF 7
M = o)
T o

7} serum bottledl] 50ml, 100ml, 150ml 2 =3+ o} A|7kol] wh& wg B FS H7hstd o
w o ol5e A¥E [19 56~61]d HWEAT EAY = WA EFS ey & AE ol&
sto] 0°C, latme] STP el Ax7IA~=2 3H4ks o)
Dry CH4«(STP ml/g VS) = CH4(35°C ml/g VS) x 273/(273+35) x (760-42.2)/760

A Ae WA 2xE 0°CE BASFPL, 35°CAAe 579 422mmHgS Alete] We#ES
AArst At AN Ao wel ZF 71" FREE A v o S
A Aol gloy 1g VST oF 400~450mlE b}E}lHOi 71 FREE B AS 1¥E 99
TET e BAFS X 1509 meE F 718 A=eln]) ag Fom FAAE i
Hop el o oy S s 23y H i% Ao &2 eyt

dutdow wAES VARMNE AT doAA TIHo] AF AAtol wAEo] TR
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L — 3)
o 7] A, k = kinetic constant

S = Substrate concentration

A Q)& AHZstel A (4 2ol wdskith

IN(S/80) = b o e (4)

u

YHol AEHA VS 52 A4 7f2dvrl gy #@ 52 2 Hashimoto(1981) S 9]
o2 Yyeh oS 2o

W37
A% A

S/So = BpB)/By ———— (5)
o7]14, B = +4

del 4 @) (5)e x=geu

(Bo-B)/By = exp(-kt) —————————————— o (6)

o} 2t}

wepA A (6)olA PR AGol Had AAAILES ALk, AE (Dl st
In(Bo-B)/Bo®l #AE [19 62~64]¢F o] ‘/}E]rlﬁoi k#kS Tt

A7l A Tk 12k W& A, kIS oY TR A 71 i AR et weE
5 Hrtslr] f18ke Ak8E 4 e A2 HrhE o (Cecchi et al., 1991).

BHAT7E 0877~09830] B2 i3] REgS 1xAlo® R Zo] Attt vE Fd
A A grEd B Aol A e gES vlaske] B Owen et al.(1992)¢] BMP A 34
Fo ofst EA] AP HZIEO FHFT vle BAFHR SR F> 47 0186~0222 L

CHy/g VS, 0.072~0.075d ' ® st gt}
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[72¥] 56] Cumulative methane production(ml CHy/g VS)
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[2¥ 57] Cumulative methane production(ml CHy/g VS)
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[72%] 58] Cumulative methane production(ml CHy/g VS)
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Log(B,-B)/B,

[Z2¥ 62] Kinetic constant(k) according to Mackerel components

Log(B,-B)/B,

[2¥ 63] Kinetic constant(k) according to Hairtail components

Log(B,-B)/B,

[729 64] Kinetic constant(k) according to Viscera components
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[3 24] Kinetic constant(k) and ultimate methane yield of fish offal

A 5 K (d ) Ti:jziif

50 0.9877 0.235

159 100 0.8766 0.1382 0.4380
150 0.968 0.0614
50 0.8921 0.2045

A 100 0.9616 0.0551 0.4185
150 0.9479 0.0739
50 0.9615 0.3836

g 100 0.9858 0.1626 0.4682
150 09787 0.0757

olefdt A= ofFel W@ ARaE APA F(1993)0] oJste] ®aE 03791 CHyg VS U

Owen & Chonoweth(1992)2] Food wastedl A 2] g VST #Werk @Al &kl 318~349mL, Jerger
& Chynoweth(1987)¢] Sorghum Cultivatesoll 4] 2 #k 280~400 mL CHy/g VS added o H]
st =2 s YElN oY Chynoweth et al.(1993)¢] Food wasteoll A/l 17+ R 113 540 mL
CH4/g VS added H.th= 9o #e YehpgiT)

ghH, Aol A& o ﬁﬂﬂﬁ% a2 S Fotatr] fste] el A 7ML o7 &
A E AR E Fote] ol &AL vaAAdF

a2 [F 25]0 vEblof erU‘r.

o m
&
N
ru[n
filo

o ML
2
A
BN
o
9

[3 25] Average chemical compositions of food waste used in this study

Elemental composition(%)
C/N ratio
C H O N S
bl.1 7.6 30.5 9.8 1.0 5.2
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[Z29 65] Yield of fish offal carbonization at 400, 500, 600 and 700C for 5min with inert N
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[29 66] Yield of fish offal carbonized at 400, 500, 600 and 700°C for 10min with inert N> gas
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[Z29 67] Yield of fish offal carbonized at 400, 500, 600 and 700°C for 15min with inert N» gas
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[z 71] Yield of Mackerel carbonized at 400, 500, 600 and 700°C for 5, 10, 15, 30, 45 and

60min with inert N2 gas
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[¥ 72] Yield of Hairtail carbonized at 400, 500, 600 and 700C for 5, 10, 15, 30, 45 and

60min with inert N2 gas
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[2¥ 73] Yield of Yellow corvina carbonized at 400, 500, 600 and 700C for 5, 10, 15, 30, 45
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[Z29 74] Yield of Viscera carbonized at 400, 500, 600 and 700°C for 5, 10, 15, 30, 45 and
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[Z29 75] Yield of Synthesis carbonized at 400, 500, 600 and 700°C for 5, 10, 15, 30, 45 and

(29 71~75]= ©3kAIZF 5, 10, 15, 30, 45, 60+
2. %), WA, & fish offal Z17}e] A4
g A HiEnkel o]l ZF fish offal &3] ©3}A
& W7t ZA vERa, gEAIZE 158 o] F

60min with inert N2 gas

= ) gk
TS 7]

5

2~ 0 O
TE=

-

1



o

M@ Ao et £ @85

g3t % 400C, 500CANA 25 S

w1029
& WS 200 Uehdid o) gajel Wad Ak eEsh wE Adstd Eehe] w4l
3 Ao And

—@— Mackerel
—O— Hairtail

—®— Yellow corvina
80 1 —=<#— Viscera

—a— Synthesis

= 60 o

s

5

2

S 40 4
20 A

T T T T T T
5min 10min 15min 30min 45min 60min

Carbonization time(min)

[2¥ 76] Yield of fish offal carbonized at 5, 10, 15, 30, 45 and 60min for 400°C with inert No

gas
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[2™ 77] Yield of fish offal carbonized at 5, 10, 15, 30, 45 and 60min for 500°C with inert No

gas
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[29 78] Yield of fish offal carbonized at 5, 10, 15, 30, 45 and 60min for 600°C with inert Ns

gas
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[2¥ 79] Yield of fish offal carbonized at 5, 10, 15, 30, 45 and 60min for 700°C with inert N»

gas

(2% 76~79]1% &3} 400, 500, 600, 700C Y ] ©3AZF W3lo] W 5o, Zx],
Z7], W, &3 fish offale] AATES TS 722 YEH Aol

[ 76, 77]o A H=ule} o] &@afa|zbel] wE =&MW sl= 400C, 500Col Al 52, 10+
e3tlS A% 2 fish offal &3] & W3t Fo] A yUewth 28y 302 ol FFH=
Z A2 A7 gl wE & Bshy vue Ao el gsA ke mE &R
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£ 30% o ANHE 2 9T WA ¥ Aoz ey

(2% 78, 79l 4= 600°C, 700Tel A A zbwstel]l whe f=aWstE Yefiglsr 28 eA
HEnkel o] wstAzhS SEeIA 602 SR Tk FEWst vvd oz vEy
o= 600Cel ol M= &e "epaztel = 12 3 7o e it 3 =490 wirt

sE gEEE Qo Ard,

80 1 —v— 700°C

60 1
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T ———%
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Carbonization time(min)

[29¥ 80] Yield of Mackerel carbonized at 5, 10, 15, 30, 45 and 60min for 400, 500, 600 and
700C with inert N» gas
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[2¥ 81] Yield of Hairtail carbonized at 5, 10, 15, 30, 45 and 60min for 400, 500, 600 and
700C with inert N» gas
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[2¥ 82] Yield of Yellow corvina carbonized at 5, 10, 15, 30, 45 and 60min for 400, 500, 600
and 700C with inert N» gas
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[1¥ &3] Yield of Viscera carbonized at 5, 10, 15, 30, 45 and 60min for 400, 500, 600 and
700°C with inert Ns gas
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[29¥ 84] Yield of Synthesis carbonized at 5, 10, 15, 30, 45 and 60min for 400, 500, 600 and

700C with inert N» gas
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[ 26] Chemical characteristics of digester

1.45L reactor 0.32L reactor

A-1 A-2 A-3 B-1 B-2 B-3

Influent COD(mg/L) 10,000 3,000 3,000 10,000 3,000 3,000
pH 6.03-6.99 6.88-7.65 6.35-7.03 5.67-7.32 7.06-8.14 6.61-7.71

Total Alkalinity 2,439-8,674 | 2,401-3,445 | 2,439-3,269 | 2,794-7,990 | 1,962-4,739 | 1,986-3,419

(mg/Las CaCO3) (6,618) (3,033) (2,907) (5,424) (2,965) (2,918)
Volatile acid 3,500-5,730 35-525 915-1,732 | 2,650-4,989 15-45 18-130
(mg/L) (4987) (162) (1506) (3971) (47.5) (50.3)

VA/TA 0.68 0.05 0.52 0.73 0.02 0.02
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0 T
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Operation time (days)
[71¥] 85] Variation of Influent and effluent COD concentration on reactor B-2 and B-3 during

operation time.
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[71¥ 86] Variation of COD concentration in reactor A-2 & A-3 during operation time
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[29 87] Variation of Influent and Effluent COD concentration in B-1 reactor
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[Z2¥ 88] Variation of COD removal efficiencies in each reactor according to operation time
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7. (NOY=E Atstd NHy-N9 ZF& 2330

NO, = TKN, —N, —0.12Py };,/Q

QY, (NO, )(1kg/10%g)
PX Ho — [emA ‘/‘B+ 7+ (I{:dn)SRT }
p QY (S,—8) QY, (NO,) (f4) (k) QY (S, —S)SRT
Xto = Tk, )SRT ' 1+ (kyq,)SRT 1+ (kq)SRT
_ (50m/d)(0.40gVSS/gCOD) (450g/m*) (50m?/d)(0.12gVSS/gNOx ) (44g/m®)
[1+(0.088g/g - d)(25d)] [1+ (0.06g/g - d)(25d)]

(0 15¢/2)(0.088g/g - d)(50m?/d)(0.40gVSS/gCOD )(450g/m?)(25d)
[1+(0.088g/g - d)(25d)]

= 3,846.2g/d = 3.85kg/d

(0.12)(3.85kg/d)(10%g/ke)
(50m?3/d)

NO, = 55.0 — 2 —

NO, = 43.8g/m?

8. 4Nz E717]1%F F% NHy-N9 FE7F 2g/mwe2 AADAE Z2A37] fatq 23
FR=E FATH.

a ol 87k d Aals No| e A et
NO, = 438g/m = 4549 & A= HYF2 F NN

F71'% A7k AFst7bs NH-N:
Vi (NO, ) = 946.3m */cycle (26.0g/m ) = 24,604g/fill

FradEd Fe NHAN =V (N,)
N, = 0.50g/m * NHs+N
Vs (N,) = (N, )(V—=Vp) = (0.50g/m *)[ (3154 —946.3 )m?®| = 1104g
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F7] 271 F AFs7s g N = (24,604 + 1104 )g = 25,708g

s _ 25708 _ 25.708g

. Rt

Vo 3154ms o oe/m = No

« _ Q(Y,)(NOSRT
"~ 71+ (kg )SRT] V

o
~ (50m®/d)(0.12gVSS/gNH, —N)(43.8g/m?)(25d)
B [1+ (0.06g/g - d)(25d)](62.5m?)

= 42.0g/m*?

Mm,chentigrade = O75g/g ¢ d(1-07>12720 = O44g/g +d
Kn,l?centigrade: 074g/m3(1053)12720 = O49g/m3
K, = 0.50g/m’

(6]

N, =18.30g/m’, N, = 2g/m' & w9 t&

iin)
ol
ot
v

{18.30g{m3} . 3
0.491n|: Ga/m®) :|[(18.30 2)g/m?]

= (42.0g/m )|:( (0'1g2/gg/g) )](0,5+2.0 Jt

t =0.14days = 3.4h
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28 ¥7|AZF = 3.4hr
M7 EAAZE = dhr
9417+ = 20hr

9. WExF A TS AL

%

.

R, =Q(S,—S) —1.41Px y;, + 4.33Q (NOy,)
= (25m*/d)(450g/m *)(1kg/10 %g) — 1.42 (3.85kg/d)
+4.33(43.8g/m ?)(25m 3/d)(1kg/10 3g)
R, = 10.52kg/d

g hedgy — (10-52ke0,/d)
8ah/d)

= 1.32kg/h

Fx: ARLTFE E/20) H B LTHBE /4280
;ﬂ (e}

=

4 N
N

shofof @},

10. €A AaFS AAHIY. (MLSS = Xrss)

V)(MLSS
PXA,TSS = LMSRT—l
_ (62.5m?/tank ) (3500g/m?)(1kg/10%g)
- 25d
= 8.75kg/d

AAE bCOD = (50m?/d)(450g/m ?)(1kg/103g) = 22.5kg/d

. _ (22.5kghCOD/d)
AR BOD = e 0D /keBOD) — Loke/d

oEE A AL

’

~ ,10.9gTSS | TSS
¢TSS/gBOD = (ALEgBOD ) = 0.73LgBOD

- 111 -



v SeA AL

’

. 0.83gVSS gVSS
gVSS/gBOD = 0.73 X .BOD 0.61 2BOD

Bz o AAGIA HE SRT/F HSAE CMASAANA £2A Adanc o4 Aae
St 1AA e AL A 2] gEe] 49 nbVSSHEsL 7] Wtk EE
S v 7] m nE/ el BAgel AFsn AgETE A F
e we R A, WARAAFE o stobd 3

& +
gl o8 239 7o) A e Gael A glo.

¥ offl
o
rlr "
fo
)

o[
x,

11. F/MH| ¢} BOD &3 %35 Z2A3H.

a. F/MH|
___kgBOD QS
FM =1 ivss -4 = Xv
(25m*/d)(300g/m*)
(2783g/m?)(62.5m") o
b. BOD &% %3}
[ _keBOD _ QS
org m3 . d V
3 3
_ (50m%/d)(300g/m®) _ o403 g

(62.5m?)(10%g/kg)
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12. FF 24 23< ofdle F9 o] 2o4E + 3o

AA A= @9 #*

Ht m'/d 50

H ¥ BODH-3} kg/d 15
B TKNF-&}h kg/d 2.8
A (il A 3 h 2.0

% XE7|(Total aeration)*] 3t h 4.0
FAkA Al ZH(Anoxic) h 4.0
7 4 (settle) Al 7t h 1.0

1 & (decant) A 7+ h 1.0
7] h 12.0
% SRT h 25.0
gz & m' 25
T/ &4 Ratio 0.4
HE&-2 zlo] m 1.0
MLSS g/m’ 3500
MLVSS g/m’ 2783
F/M g/g+d 0.04
<4 BOD¥Y-3} kg/m' «d 0.24
s A AL kg/d 1299
= v AE AL g VSS/g BOD 0.58
Bt Ahre kg/d 9.86

T Z7IARYY h 8
H Ak AEE kg/h 1.23
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