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SUMMARY

I. PROJECT TITLE

Development of Radiation Techniques for Environmental Treatment

11. OBJECTIVE AND IMPORTANCE OF PROJECT

® Purpose of Research
The purpose of this research is to development of technologies for 1)
the removal of toxic organic chemicals in sewage sludges and the volume
reduction of the sewage sludge 2) the recycling/reuse of sewage sludge
3) the recovey of resource from fishery waste by using radiation
technologies.
® Rationale of Research

The water content of sewage sludge is more than 95%, and the organic
materials is 60 - 80% of the solid. The improper disposal of sewage
sludge can cause a lot of environmental problems. Until now, the main
sludge disposal option was the ocean dumping after dewatering.
However, The Ban Act of Direct Landfill of Sewage Sludge, and the
London Convention 1972 and 1996 Protocol prohibited the dumping of
sludge into the ocean. By the prohibition of the ocean dumping of waste
sludge, sewage sludge must be disposed of in land or recycled/reused.
Thus effective technologies for disposal, treatment, and
recycling/reuse of sewage sludge are essential to minimize the
environmental pollution. The radiation technology for the treatment
and recycling/reuse of sewage sludge is very effective for the purposes
of volume reduction, removal of trace toxic organic chemicals, and
disinfection of pathogens. In addition, highly value-added resources
can be recovered from the organic wastes by combining the existing and

radiation technologies.



I11. SCOPE AND CONTENTS OF PROJECT

This research project focused on the study of treatmet, disposal, and
recycling/reuse of sewage sludge by radiation technology, and recovery
of highly value-added resources from the wastes, As basic studies with
a radiation technology,an enhancement of dewaterbilities of sewage
sludge, development of dewatering conditioner, reduction of trace toxic
organic chemicals, and the toxicities of the byproducts were studied.
Based on the basic experimental results, we developed the pilot-scale
system with the continuous e-beam and dewatering unit and the advanced
treatment system with the use of carbon source recovered from sewage
sludge. Through the operation of the systems, the possibility of the
field application was demonstrated, and the operational parameters and
factors were optimized. A radiation technology was used to enhance the
recovery rates of glucosamine and chitosanoligosaccharide from chitin

and chitosan obtained from fishery wastes such as crab shell.

IV. RESULTS OF PROJECT

® Treatment, disopsal, and recycling/reuse of sewage sludge by radiation
technology
Comparison study was performed to evaluate an enhancement of
dewaterbility of sludge after irradiation. Irradiation at 1 - 20 kGy
reduced 10% of the water content of sewage sludge. With the powder of .
dried starfish as an additive to enhance dewaterbility, irradiation
reduced 20% of the water content of sewage sludge. Irradiation at 10
kGy showed 99% disinfection of microorganisms,
At the maximum irradiation of 25 kGy, more than 90% removal efficiencie
for 10 out of 16 polycyclic aromatic hydrocarbons (PAH) were obtained,
and the acute toxicity fo the byproduct was clealy reduced with the

higher radiation doses, Antibiotics such as cephalosporins and

-Vi_



tetracyclines were completely degraded at lower than 1 kGy.

For the purpose of compost of sewage sludge, irradiation enhanced the
maturity of sewage sludge compost and the germination rate, With the
powder of dried starfish, the growth rates of grass, roses, and a royal
azaleas were remarkably enhanced due to the abundant exchangeable

cations.

® Development of pilot-scale equipment for sludge treatment by e-beam

The equipment was developed to continuously irradiate and transfer
sewage sludge into dewatering system at 1 ton/day. The continuous
system consists of the screen, the continuous spray, the spray nozzle,
and the electronic control unit,

The automatic supply system was developed to transfer the irradiated
sludge mixed with the conditioner, or sludge by itself into a belt
press dewatering system, which consists of the control unit, the

mixing/agitation unit, and the sludge moving unit.

® Comparison of economy for the treatment of sewage sludge by radiation
The economy was compared between the existing treatment method and the
radiation technology. When 30% of domestic sewage sludge is treated
with radiation and used for soil fertilizer, a treatment cost saving of

12, 668, 080, 000/year is expected.

® Highly value-added resource recovery from fishery wastes
A research project was performed to recover useful resources from
fishery wastes and transfer highly value-added materials by using
radiation technology. A radiation technology was used to enhance the
recovery rates of glucosamine and chitosanoligosaccharide from chitin

and chitosan obtained from fishery wastes such as crab shell,

= vii -



® Organic carbon source recovery from sewage sludge

Experiments were perform to substitute sewage sludge as an carbon source
for the external carbon source such as methanol and acetate required
for the biological denitrification. An alkali treatment, a hydrogen
peroxide treatment, an ozone treatment, and irradiation with each
treatment were compared,

With irradiation at 0 - 50 kGy, Soluble chemical oxygen demand (SCOD)
and extracellular polysaccharide (EPS) were increased by more than 10
times, which showed potential for their use as a good carbon source. A
combined treatment method (alkali - gamma irradiation - ozone) were the

most effective,

® Development of pilot-scale equipment for the recovery of a useful carbon
source from sewage sludge

Based on the experimental results, the biological denitrification
efficiencies in both synthetic wastewater and municipal wastewater were
compared with methanol and carbon source recoverd from sewage sludge by
radiation,

Carbon sources recoverd from sewage sludge by radiation showed an
increase in denitrification efficiencies from 14.3% to 51.1% with
higher C/N ratios, and nitrification efficiecies were close to 100%,
Nitrification efficiencies with carbon sources recoverd from sewage

sludge showed more 90% compared to those with methanol.

V. PROPOSAL FOR APPLICATIONS

@ A radiation technology for the treatment, the disposal, and
recycling/reuse of sewage sludge can reduce pollution sources and be

used for the purpose of reuse of the waste as a useful resource.

= viii -



® A resource recovery system with irradiation can be used to enhance the
recovery efficiencies of the reducing sugar as functional food, and the
treatment efficiencies of municipal wastewater treatment plants with

the organic carbon source recovered from sewage sludge.

® A radiation treatment system developed in this project can contribute to
more efficient treatment of municipal wastewater, reduction of waste

production rates, and the utilization of wastes as useful resources.
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Table 1-2. <hj s}z LAl o AHe @ (¢ig] : E)

Year Total Reuse Landfill Incineration Ocean Dump
1998 1,447,170 "(33 ji‘)‘ Zgi gif)‘ %(1) gg t(igz gi;
1999 1,593,001 ?g (2)2? ?ig gi? ?g 11*2()) ég(l) é i?
2000 1,741,371 ?gj }2; ‘(‘gg gif)’ i()gi éi? 1,( é 113,2:?3
I v S ) e
2002 2,073,095 1(056_ : 1‘;?)4 %5153 gg 2(090. ,73:)8 1 ,(3;16:')/2
2004 2,426,070 2(39?'90%?)5 ?‘11 ii? %513? 33)3 1,( 3291 if;4
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Table 1-3. £

% 7ledEd AT e

Mammalian/
.. .. Water . .
Substance human toxicity Ecotoxicity . Persistence Concentration
solubility
(acute)
AOX (summative - - - - high, indicator
parameter)
LAS Medium auatic’ high; high; enhances medium high
terrestial: medium; mobility of
bioaccumulation: high  other pollutans
DEHP low; suspected auatic: medium to high; low medium high
estrogenic effect terrestial: medium;
bicaccumulation: high
Nonylphenole medium; auatic: high; high medium high
suspected terrestial: medium;
estrogenic effect  bioaccumulation: high
BlalP (single ) carcinogenic, aquatic: high; low high high
(PAH) mutagenic, terrestrial: high:
teratogenic bioaccumulation: high
PCBs, single medium; tumour aquatic: high; low high low and
substances/summative promoting, terrestrial: high; continuing to
parameter immunotoxic bioaccumulation: high decline
PCDD/Fs, single high; aquatic: high; low high low
substance/summative carcinogenic terrestrial: high;
parameter bioaccumulation: high
TBT Tributyltin high aquatic: high; medium high high

oxide

bioaccumulation: high
endocrine effect

Table 1-4. §HIF7IEY st4&dA F F712dE 7124 (ng/kg d.m.)

AOX DEHP LAS NP/NPE PAH PCB PCDD/F

EU(proposed) 500 100 2,600 50 6 0.8 100
Denmark - 50 1,300 10 3 - -
Sweden - - - 50 3 0.4 -
Lower Austria 500 - - - - 0.2 100
Germany 500 - - - - 0.2 100
USA - - - - - - 300

AOX : sum of absorbable organic halogen compounds

DEHP  : di-2-(ethylhexyl)phthalate

LAS ¢ linear alkyl benzene sulfonic acid

NP/NPE : nolylphenol / nolylphenole+ethoxylate

PAH : polynuclear aromatic hydrocarbons

PCB : polychlorinated biphenyle

PCDD/F : polychlorinated dibenzo-p-dioxins/-furans
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Q52 AL Co-60 Zup ZAHEL ol &8 3t &l "W Jl&ol thsto]

223t Az AEARE Besla glen, Zmp RAAAEE AW 10d 3
sAste] A Az BooA WAL A & #84& dFsia Yk
ol&d thElolAl wWASHe it oFe] x| A& sl Zi7ke mlel
AR 745717 AEE Agolth

Table 2-1o]%= 1998 #z} AlAl ZZolA Azl #HAdE o83 HIE Az
£ 93] 715HE AAde «dE vehidch

Table 2-1, ©]-&3} Waldg& o]-8% HIE A A4

Countr Radiation Energy Power(kW) or PUrDOSE Dose

4 source (MeV) activity(kCi) po {kGy)

Australia EBA 0.5 12.5 TCE, PCE removal 0.2~2.0
Russia EBA 0.7 70 NEKAL dealkylation, 3.0

desul fonation

R&D-disinfection,

Usa EBA 1.5 75 . 2.0~10
organic removal

Japan EBA 2.0 60 Disinfection, composting 5.0
India “Co 1.25 150 Disinfection of sludge 5.0
Germany %Co 1.25 135 Disinfection of sludge 2.0
EBA : Electron Beam Accelerator

Nekal : mixture of isomeric butyl naphthalene sulfonates
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[+]

Til7les

QEAo] Tjgt AAHE T} ool Yrlo] Mt o weHHTh we
Sl E g AUsE BAH A7) AL B S
o] TaFo] U= S/EHEAY BlE AT Aeslag Ausiolor ¥

Ao worHh
WAt Zab7lee THE AbE % Al bdol sl Be BIE AR 9l
ol B7stn wabdel ohdde] BT LU FUES olRFoT AL
A7l e oddes AT Atk mebd /714 Akl ARl BAY
Aol b HelrleS AUToEA P Eale] Ty gt Il oy
A% W 484 BEo| T SIS T F YL Holth
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A3E ATMY FHYS L BN
A1 A B g A gy B
1. A3 Az 9 ¥

7l A3 A=

) str& @Al
2 Aol s DAY stEFUA g HAEHE £3SHAE HY NER
ol&stgitt. AZEYR 7] 54 Table 3-10] fostelct. thy &A1
T8 E &eH(Total solid, TS)E 3.9~4.8 %9 WAL R7[E L2 Ha 53
% At 27 &eA] B2 WHE a4y gste oid AEs ¥
H2lste] A}e3le AE YHog stoia AP A2 AAstdct

|

Table 3-1. 43&=]e] EA

Item Average
TS (%) 4.3
pH 6.9
SCODcr (mg/L) 77.1
DOC (mg/L) 42.4
TVS/TS (%) 53.7
Temperature (C) 25.7

(2) =el7hgA
Asfelzt waol Aol AT FuFEE E7Rte e E STkt
otz Erpale] B 2MAA & E¢E AAE 93 A IFFE &
slo] 23] AH ¥ Az U dxe] @ BAAF S AR TEe 23 A
Arbstel ggstelct Az BrRabE] 9 247 21 P8 UT 5

-15_



fofstgirt, E7hxEle 4d ARE ¢l 105ToA 4417 dFAXR s13le
o, =8 MYEE B7HE S8l 700T7A| @222 4A| 7 Fet dAfe st
of Azt Brte] 9 2AFALY e ZIEo] g3 sulA AHFA
9] & UZAQ 20~80 mesh Feloll &3t wHE WEI] ¢ls) 4 F 50
mesh® A|7}2 st

Table 3-2. E7lxle|e} 2/ AL T 88 ek (mg/L)

Elements Shell Starfish
Al 203 188
Ca 703, 707 264,522
Fe 2,425 1,164
K 324 9,444
Mg 344 21, 467
Na 9,115 19,573
Si 172 102

v AdEuhy

(1) A=pd =24}
AR ZAE 95 1.5 MeVe] AR} 714 7](ELV-4 Model, EB Tech, Co. )&
L&t Axpdel T3t ZolE mEste] HxH(Pyrex Co.)oll tid &AE
5 mm o]3te] FAIZ HX RARStATE AAMAY] RAMIFZ 0 ~ 50 kGy Helol

N ZApstadrt,

(2) 2444
strgAle €s Hte] oy AApd zAte d%de BES] A 43
gHA o] A zaletgon, EelABA & B #ste] E7HAL
2] 22g 3 g/100 oL sludge & FL2 A7Iste] 30 7 &elx witsto
Alde 2sstgn. AA)] sEA o 23 AL QlE okolA 1B}

_16_



239l SC-050(Songwon Co. )& H7Iste] Jar testerE ol &3 FHAEE
A WER Y4r|(fF3d, SP-1000)E ol gste] &RAE it ¥ ¥ &
22 Aol g8l £4L Standard method 2540 of Z3lo] ZA AT
oA S
Time) 3AXE o]g3tgdrt. Type 304B Capillary suction timer (Triton

'}

7t es ZA3l7] I3kl CST (Capillary Suction

mlo

Electronics Ltd., UK)& o]&3}o] stainless funnel (L=1.8 cm, ®=bmm) off A]
2 3 oL 33} CST o4=] (Triton Electronics Ltd., UK) o B 4x]o] &3
B 2te Fetanh. oSTE x| 4 AE &R FEo] AdHAA=
S ZAS= Ao YutE o CST o] W LA AFFH oA |

AEPALHE ZHsl Azbd 2] wWE & A ¥HE S4UHE
sttt ZetaPlus (Brookhaven Instrument Co. U.S. A.)S o]8&s3}o] 0, 6,
10, 20, 30 kGy2] Mo ztzt zalelgE wf &eA g AAAAE 5
Astgth. 100 uLe] LA E 24 508 3Aste] AR 2ol AMEsHAT

(3) BAY 2y o] &F Y43 A=t Bt

Ay A2 o] 43 A¥AH mAYL ] s 3-8, 3-E918 FAY A
¥ o¥alel Box-Behnken Rl AME3IQT o RHX &elx] Wol 9
L o) mE T ojake] ao] UiE duE FAlo] Bk ool It
wolrt, 2He] 371x2] E3lH4et 2o whE 3-F9lE Table 3-33 o] A
Feledrt. A TR BAF EME BT AYY RUYS PoEA A 7t
2] B4 Mol Yol Mzt zale] o &x| &L AFH
oty AE AE o] L3t the Al Akl &8A Aola Ul +F ©Hol

g EXE g 4 ek

—

I8 (%) = botbix; +hpxa b xiE +basx s +hasxd +hyoX1Xa+bi3X 1 Xs+bzsXeXs
AZNM, by @ Ardtre] EAAIL
b, bz, bzz: AIZY AAFZ
biz, bss, by i AT L] I AT
X, Xz x3: APHF
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Table 3-3. 3-¥H<, 3-29/8 BAY A¥ =l

Coded levels

Variables
-1 0 1
X1, pH 7
X2, Dose (kGy) 0 3 10
X3, TS (%) 6 8

2. A 2ol Y U5 HA

7b. &8A d=Ee] sl

&= Aele oA FdoN FFAL EAE 7PH2ch A
F4 20| ReEE AAFEE GITsHA TUrh 58] £33 HAuAA o=
o] 23 A% FEHE R WY 2 IV 23 /8% =HE A
oie FT 2, 3¢, 2S5 #J], ¥y 5F ol&dhe

z E
o ojste] LA 4AE TSk B Ao AAIE ol &

Axpd zalo] uwh2 &eA|Y YAt AP EE HASE7| #A5te] 6. Lehne &

COD Esl= (Dlew) S ZAstelTh ol Ao upel HAxtd Zapef o
2 AAbsto] Figure 3-1o] =A13tgitt. COD &3l&= 5 kGy 712 &
om, 10 kGy o] RAI3IEE ZAfole 84U K22 FIsH
Apdg zAKEIE wl £8A] YA} I E o] cope gl 7t
she AL AARiTh E3IH &R wIe tE AzE dxd 2A F oA
ojefe] vt W3S FAsFPTh. A BHE A ZARAF vldste] Iy

& o 4= it} (Figure 3-2 ¥X)

COD Irradiated COD 0
CO‘DN(LOH - CODQ

12]5[&)::

CODIrr‘adiated : ;*ﬂz})\\i }_)\‘- :|5: %E—]X],Q] COD

CODyaoi : 1 N NaOH®} &9AE 1:19 v|L{E EFF 90TA 108
Zt 7ld ¥ E3¥ CoD
CODo D AMEE 27 AR £81R1Y oD
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60

Degree of Sludge Disintegration (%)

0 5 10 15 20

Irradiation Dose ( kGy)

Figure 3-1. At Zatol wE &2i#] &3

400
300

200 A

Turbidity (FAU)

100

0 2 4 6 8 10

Irradiation Dose (kGy)

Figure 3-2. Wald ZAlgo] mpE oJde] e W3}

Table 3-4ell& st&dx] wtzjo] wE 2t Wl 7158 §&& s <
galo] MR- ZAlste] o mE ARt Ee|3EE gadste] ZE UE
gt Azpd ZAR= 1, 3, 6, 10 kGyo] 4712 AL Z AAlsloion =2
22 Control(m|ZAHE& Fo| AAPdEA ARt ETI3E3 444 H3E vl
Hristeith. Axp =a} F pH & TS, TVSol= A ¥tz UehtA] k2 ub
A, ZeAE T4z e Egote] Exfste ®eEEY A2 v

2 A 2aiEE 2e o ¢ vk 53] A AE¥e] s AviEof gl

Ed
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ong Rzt £olain)
Ao gae¥o] Zrhsi
AT e AL UEpdT),

KN
=

Table 3-4, WAtAof 2

-1

Ro% A Atk I AAM 24} A w

353

2R ofy gt wYEY AEH7A] 3}

&9 B33y 54 u%

e

T tems

Irradiation Dose

OkGy 1kGy 3kGy 6kGy 10kGy

pH 6.85 6.81 6.79 6.7 6.78

TS(%) 1.17 1.15 1.16 1.14 1.18

TVS(%) 0.57 0.58 0.6 0.57 0.62

mg S-Protein Solubilized/g TVS 44 132 134 234 283
mg S-Carbohydrate Solubilized/g TVS 9 48 74 99 124

L. 9haldof 23t &EAlY YHs B

AR E 0~20 kiye] HFOR ZASRG ol el Aolae] 43 ol

% 3T

sha)stel Qxh vl
s, o] 00D 3 X R4} F
& vehdch

A=}

T

ENE PR ELE
gt} 0~30 kGy2]
1~9 mve]

713 o] A& o] &dlo] U} HAtY

bl o8] AEFASIF Ze

20| AxtAo] s Rajgio] EHAT
319 F7he AR L) 241} gRpREe
= golsh st ARy AN AT F

23k Aetd

Zr43tgch (Figure 3-3 X)) Axpale] 73t
FEo| fEHo d

HelolA Z A}

Holg Z7}18t4gct. (Figure

[=] [+] 1 2
AL SA3E

=7t &2 A] YAt
oA AA He
HE AE Azt dAshe

Ao %
ERREREE

Batsty] sistel AEtA9E 23 s)
H ZA] mE Aehd g
= goe 273}

Ir

AP =

- 920 -



Moisture Content in Sludge (%)

0 5 10 20
Irradiation Dose (kGy)

Figure 3-3. ¥apxlo] 23t &8 T44& by

H\i

_10 4

e

Zeta potential (mV)
N
S

50°

-40 r .
0 10 20 30
Irradiaiton Dose (kGy)

Figure 3-4. Walddol o3t Alepaele] M3t

o &dA B4 AR Bt
q

pH, TS, |z RAPASE HIAFAAN &R Yol B

Box-Behnken
7.0, 128|3L

SASE W=

nue o|f&3le] Hrslgct (Figure 3-5a, 5b) pHe=
9.002 zgslgon pHrl UHEFS UFEE R4S

Uehigich HE

pHoll &t 3ol AA rehhA]l ARt pH7t

- 21 -
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He RoE wnhdch ZARIHS Aol et thE AxsET &ex| o
ol tigt F¥ol 78 A UetsttHFigure 3-5(a)). A8 2 A&
319 3 kGyolste] ZAMAF oA "gol vy FotA F71sitizt &A1
ol 3 kGy o] F71d B¢ &wtstA 5718t Z¥E velde o + 9l
Th ol A¥ ZA3h= 5 kGy olste] zAMIZollAl AAd Aol &3] &e]=|7}
48] = AgAA} dAs, Axbd zale) o3 A BIE T
3 dFHL FEol A YA YHE FEFHE AR 7S 4B8E + A
th 53| 3 kGy o] ZAIY B% &eiA| AolaY & XL

& BT ofuzh WY nAdE AHEY B3 2YE €S + IS AL
ZlchAch. =] Yol thd 188] @32 Figure 3-5(b)oll LtEhfolTh TS
pHet ZAMARECE S2iA] "poll tht @3] A uEeisten, ol AxA
ZAto] A% SA] DA FH2 TS FolPol A TS LA ASES A4

gkt

rr

Moisture Content in Sludge

7 8

Moisture Content in Sludge

TS (%)

) Irradiation Dose (kGy)

(a) (b)
Figure 3-5. &el#] ®poll U pH, ZAMAY, F21PE 5= 4%

P (a) 2APA™I pHel 9%, (b) pHO FIFE 5E2 9%

3. H <A @5 ALA Ay

7. E7Rxlel ot A& o] 83 oA AF

_22_



Figure 3-6, 7¢] 50mesh ©]3}8] Er7ixlg] @ 2744 Edg NIA=Z AL
sto] 43t& @A 100mLo]l th3te] 2+2H 0, 1, 3, 5, 8g HWIFAE wie] ¥+
512 el 271xre @ AL z4zE 105, 200, 300, 500, 700°Col]
A dAe] st A 2% Wle) o &y MLEAE Frhstazt sigich
27] B0l 76~77%Q A& R o] ZAAAL MIAZ H71E F Al
A 3,700Go0 4 2087 YA e & Ae, dAe 2=l whet gEol b
0~56%2 Ztadle] of 20~25%2] o] AZEE AAE E& + %th &
3t A=) 22 =AM AL gl WEX
Ao YrFeS FAsI f18t] fA 71Ed 73 SP-
£ S A3 2] H4E T1~73%00A 4
5~50%E 23~27%2] o] A 7tE gt W Bl 2 AUt F 4l

Ol

22 19 wl, 2] R4& 76~T7%ol A 52~59%F 18~25%2] 0] AU
At EI WMEZHAE o] &3t YUPIAS wf 7] TS 71~T3%ofA 5
0~54%2 19~24%2] 7o
B2 A2zl A3 £33 g Ml TR LAAATL #F
¢}

g oot Helexo] i FPL FAY + 9lE 2

o2 Z/AZPAL ARAR FslAS of B7HlelE H7E BeET |
$ F7o] ozt o ¢ Ao FHAF YL ols I BAY FIEE £

Aol Vel dRol 277l ko] Zgol dfEol o x| w3
of AR £ES Fovt 2AFE BES ARAR AHsIgE ol de
F3o] ¢33 A= Ao wetdTh
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Moisture Content in Sludge (%)

0 2 4 6 8
Dewatering Aid (g/100mL)

80

Moisture Content in Sludge (%)

Dewatering Aid (g/100mL)

(b) MEY &7

Figure 3-6. Z7172 £8g A7lstel (a) A eI} (b)UEFYS T

g2 g
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80

70

= —

- 4—105'C
~B— 200'C
—A— 300'C
—X—500'C
—%—700'C

50

Moisture Content in Sludge (%)

40

0 2 4 6 8
Dewatering Aid {g/100mL)

(a) Centrifuge

80

Moisture Content in Sludge (%)

Dewatering Aid (g/100mL}

(b) Belt press

Figure 3-7. B7iAle] #1& Arlste] (a)gilEeldt (b)) BEFHET 74 <8iA

@.)\O

U. g4554
sEAe WEEH EE CARHS FYSHs YUSE o 2hlA P(SK,

Specific Resistance to Filtration)o] d2] AF&Elo] oL} AFuyo] 3}t

37}

I EAo] e Azlo] @3 EHE B wHo| glo], & Mol Capillary
suction timer (CST)E o]&3lo] &ajx|9 B4 &34
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BrRlel B 24 £4S A/ A4S o, 27] (ST 87 sec® LE}
ol 23U}, Figure 3-8¢] VEhjolxo] E7FAle]E 1, 3, 5, 8 g/100mL Sludge
o) oz Hrste S wi, F7is Wz whel a1 193 secrtA] FItstes S
UehfE vbd, ZA71EE FY98 4208 AUt & wo] CSTE 2| il 56 sec7t
A zrasigdch ole AR Hit F & U SFAMEH dAsE A2 A
3oz Frldo] Yol #f-E0] A ZANGHE] &elA] @ F3 SHM &

2l A& AARITh

250

200 1

CST (sec)

0 "e—shell

—M— Starfish
0 2 4 6 8
Dewatering Aid (g/100mL)

Figure 3-8. Ee|3 w73k 7o utE CSTS W3}

tl. Brpxteleh =A7A E}dE Q3 &5 AL

T 71 gAY g 57 54 AP LR vlasty] flste] 1057CoA &
g g BErpalelst 2A82AE 242 4:0, 3:1, 1:1, 1:3 32|32, 0:42] H[E&EE
Z33te] 4g/100mLe] PO T H7Iste] mlAPE 3ystAct (Figure 3-9 3
AEA EHe] ool F7t

Z7
3 gaAle Yok 2UHE AIAE 4 4 Ych

g2 A ol= 2/IEA
o= 83 ukest7] 412 F7E 4ol vjad gol X7 wjEed Joes
ziekE Tl

Figure 3-1001 o AAel SHEE 43 &dxlel drietae el os1
237478 Ushiglch B7habeleh 2A7A Egulol 4:0d 292 oSTE
27) cSTRTH £ Uehkou 24 d el Eugel 3714 s1r} 2
a3t REB40] YRS AL HAY 4 9o, ol A wF F U4
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3 A%} X BAPE HAETh OSTE UL Yess TSR
A uf o] gl WHoE dejA o} ol AA deP gl
A& B¢ AHSEolAl= A ® CST, SRFe} ’eits
ZAZE URY vl gl B AFoME AA gLHAE AN 2 Aol2
o Hygol Afole dAE 250 WE J¥o] A de ALE HAHZA U
CST ZAZtAN L o8} Aolgt AxtE Agrh st E7pate] £ 7ol we
H A Fojg SHolA dAE ¥ ZF A 27 F7Hel mEtd 3
AZRolM s SHA Y Qo] Fol=x B0 LElKT

=

1.
Q
LLI

90 90

80 80

70 70

60 60

Moisture Content in Sludge (%)
Moisture Content in Sludge (%)

Control 40 31 22 13 0:4 Control 4.0 31 2:2 13 0:4
Mixing Ratio (Starfish:Shell) Mixing Ratio {Starfish:Shell)

(a) A&7 (b) MEY 7]
Figure 3-9. S7hite] £z 2084 242 Y H7lsto
()2l L)UEFHS T2 33 #5d

90

80 1

70
60
50 - I

Control

CST (sec)

Mixing Ratio (Starflsh Shell)

Figure 3-10. E7lx}g] Bz} 2443 2 tlE v 8% st
B/ 2 4g/100nL ¢3-S ufe] CST M3}
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gt g4 AZA v

Brhate] 2 2444 ARAZAY el S ARSI 91ste] d2| A8 EE
A F2] suiel M E tfRTLZ o]&3to] Al ZHA] NFAel thste] MEZ
Y28 o] gsle] ¥4 F7 ula AYE FHUstYct (Figure 3-11 HZE) &7}
2 2 ZARE B ¥ AtA ArtstH LA A dsES AU
A 4 9 ut ofugl, HFARLE &R Aol o] &3RR HIEY AR
& ZFME 2 TUE AL + g Ao JuiEnt? AYAE &R AR
100 uLofl Thdted 0, 1, 3 283, 5g8) o2 Hrletale wf, Mot 2P
xRS oA FA ¥ FR ZAE 4+ glgen, ETHIEE AT
AL A HE 48] Tha A FFHYULL ole 2 WY + de 2
Z2A 2} A3]e 3haty xdol [AISHY] wiigel f71E°] W2 E7HAe] Rt 2T

o% ¥4 A Ayt 2 ZoE wehr

I, FLERVIE B JHAE BRE vlashd, 3o 2A%A 2Hd
AU ST BES 742} 3u9h 14%2 fgo] A2 whd Evpate] 244 B9 1 B¥
o] 68%% uf-¢ &rh uwiebd WA ARAZolA el ABE Ee HIAHAE
AHgshe aztolLl Hul3 52 $4 S 28 B AP Bt 271
g oA "4 ZHol g AFAZ ol &3k Ao viEAY Zolth

)

®

(0]

(=]

ke

=4

1%}

=S

c

L

c

Q

] \
o :

é 60 |—a—Lime

-g —B— Starfish
= —8—Shell

(923
o

0 1 2 3 4 5
Addition of Dewatering Aid (g/100mL)

Figure 3-11. B2l YAz 43, Brhrtel 24, 2494 2Hs
M-S W] &R HE vl
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A 2 A WA o1& steedA A”E Ve
1LoAgwy 2 AR

7t. v K7158E4 AA

A¥o] AFR3E cpEhsrEElstA4RE ZtZ naphthalene, acenaphthylene,
acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene,
benzo(a)anthracene, chrysene, Benzo(b)fluoranthene, benzo(k)fluoranthene
olglom TlEhusrEEISISEARTY 23H FF L (LVI5801, Supelcorl)E FF
Z=of ztz} 500, 1000, 500, 100, 50, 50, 100, 50, 50, 50, 100, 100 ppb®] &
=2 sl Wb E Aol 44 ARE ARESI7I k&AL,
37 oy gEEisieafe] S A st 47 AE&dE 10 ol
S a]o] AHHe] M headspace)o] A7 e F A& F, UFIHATh

S AR E0® Z42E 10, 15, 20, 25 kGyE AP 2ARES
dalsle] zAME ¥, $8 Fo cEURERNSLLRFY SEE GC/FIDY
GC/MS (SIM mode)& o]-&-3le] A&FEAstlct

A& o] g3t stFAe] RIHEE ¢l51e] CefaclorZ 30 mg/Le] BEER
3t 4=gol W OxytetracyclineS 50 mg/Le] B=& ZAZ $L£A48& ztz}
0, 0.1, 0.2, 0.3, 0.4, 0.6, 0.8, 12|51 1 kGy®] Ago T WAl ZA}s}te
248 $Rstgdot. 2Apde] wE ¥EAE sEWIE  HPLC(Hewlet

B

Packard 1050 series)E& o|-&3}o] & skiAsleict,

E w5 (Daphina magna)& °|-§3t FEEeNEE S Bristach A 4 M
2 A}2H wiX|= OFCD Guideline 202614 AAIE o] uwlel A Miuj=| &
Agstgeon, ¢ FEHAE FUste migstaz, AF 24he oY A&
38lo] Alg3le] B4t AP S Vst E¥ S AEEAS A ®
ER 48X =&A7 F EWFY fIAMNE WSt #HZE Trimmed



Spearman-Karber method®} Probit methodE A}&3}o] ECH0ZE  AHE3IIAL
TU(Toxic unit = 100% / EC50)% Fatsle] zAleF Widle] wlE TU 1S ®|3L3}
o EH4EZAY AARES #H st

tl. steseA| vBE A
DAY stFubA e ol sheAe] FHER UAHE AR, Foded
Z), B&5&YA, 23, £3&AE thY 2R Grap Sampling Sto] B3
o2 Adel wE F24 diANE viRFe EXE Fstalch £ YA
AE 1~20 KyE ZABIAE of, &R SR E PR diA
& L oiFFe] AAFE FHst] YAde] ¥ uAE HIFEE B
1=

|

=3
=

2. slaadx sul

8714 S7EE 6Al sheEAelRe SELAE RS, Tay 2% st
Aze AR BUS AZ olgstuch wHLUANES WEY IR,
SP-1000)E o]-83}o &3t & Az}H-E XAl Fu|EE £3ys19c)

Euj3t A¥e g, pH 2| ON H7L HIRsles &gA] W wsiA
kg zZAsigch FEFS HNIHE AT HH =AU 55~60%, CN HlE 2
5~4008 ZA3}HL ZI)2ZFL 1.0 ¢/min- kg VS FHOoT AHIA FF
gt R718 E39 25 Aso] F43] dolus F wad3He 23S F
o} AA Eu3} EAHs|7t2 60¢E stglrh. Standard Methods, +H2HZHAl
By o EUIIEA P E3t 24& AT FRIITLYFL Tyurin
¥, AATLL Kjeldahl & ol-&3te] EAsIATE nBEL] BF=E S Al
Fo]l INT[INT = 2-(p-iodophenyl) -3-(p-notrophenyl)-5-phenyl-tetrazolium

chloride)] & 713l R o8 FA3gT)
ut. & olg AERY FAA A=

EOAUE 91T ABE DA St 4HSAANE Yhstel LA
th 20 key®l EFMBOT ZupHe ZARY SRS U7 H$A ol
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A ot 3% FE AZNA UY4ES 20v o312 stgrh. Az2Y HeLUAE 5
m olste] Z7]= Bajsie] Lie} Waol ikt AP SAsTh i
2%, AT 5%, AMF 3T, FHAY 5 F 90 HelTel chy Auy
G5 ¥, 25 ASE Y 3343 39 Y3A4E F2e FeE 9%

=
] =
2AL Z7 st sedeA HeFge It BAENE AR

¥ e nfn
—{>

o

4,000 kg(4 ton)/10a& 71EL0% 2, 4, 6 ton/10aE 3}aich.

Y piE ES FR4Y &S 1:52 AT dedolA pH meter(TOA
HM-208) 2 Z3stgdon, f7lE2 walkley-black®, T2
vanado-molybdate®], §& Q4N bray No. 23, X3 ol EY 10gS
IM-NH40Ac(pH : 7.0)oll 23t A& F JAAZTEZZEAE ol &3t 4313l

T} AadALE bruciney, PEUOMIAAY FALE kjeldhlY o2 FHF

uh St &AAEYE BaY M4 L 2EA AU AY

(1) dg=l=
E Aol Abge &l JA] shpFuA e 2aB Aol M H3E w

=4
278 A4S ALY st ARE AP AMgstgch 2 Aol ARE
22]e] AARS pH 6.3~6.8, TSS 11,000~16,000mg/L, TCODcr 11740~
14, 740mg/L, T-N 42~88mg/L, T-P 34~42mg/L2 3= gt}

(2) A
stesEAERY 9% Ulvade HHI] slstel, eENE, @A
3, zmpdaxeE ustdct. $EAels Ozoniarle] Ozone generator (Model
OFS-14)& AMgstelrh. H&H 2EYEE 9Istel H7 som, ol 70cne| of
22x12e) UEY LEAFZE A8, viEE Aol ARE AR stod
B3 QEYF0| o] R EF stadrh. WPeH e 10N NaOH §4E AHE
sl sl pHE ZAT F 2AZHEQ wilstel FEI NSIES sty
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H0, 5= ¥2}9} gamma ray H3jo] wetd APE = /7] @44 HIE FHA
}7] €5} MERCKA}R] 30% H.0,5 ©]-£3}o] 26.5mM, 88.2mM, 176.5mM, 264, 7mM,
352.9mMZ H:0; 5 =5 W3lsto] ARE-slelc)

Bl A e 8 sl 229 *Co source (MDS Nordion, Canada)E ©]-&-3}ed

AF2(20C) oA S=3stdon, o] wf ¥o source?] WAFSE 300,000 Ciol it}

(3) B4 2hidolg A=A AHAE 29
AZAL AEAE £3E 3T T&HILE 95t I HAMFE A
rh &4 WPl o 'iAY g o] wE dAAE HIIE flsl
of Joi&iAE 20 kGyo] Myo= AR zAlste &z W Pishes A

13
(<
H
e
n,
Ae
M
o
ojn
£
fifo
i
e
11
i
lo
.S
—z

(11

102 ARESIgith gz A
T pH 1002 2Eslola, il
COD7} 2 H o8 Z7}st= 4 uL / 100 oL sludge o] %
21 © 2] NaN0;E AF&3}o] N0:¢ B&5 100 mg/L & 3}o
:NO3 HIE 242} 1:1, 2:1, 4:1 2 3o B2 SALAPE syt ol
Ao FEE wiASH] fste A4LFIIE stalen, 30T =4 11
5 HAAMYES s &R JHEEE S STUEYE A
T8 1xyo= =Asly $stel TS, VS, SCOD, EPS (Extracellular

u
(r
0%,
2
fi»
&
)
lo
g
ki
g
oF
>
[
N
Rl

i

lo
AL
rr
oL
>,
X
N
"
w

do 9
r}NC’ hu
2 "
K
"R
u)
iy
rL

>,
i

polymeric substances) 52| 35& H7l stolcl.

o4 AEH AEALY AEE 95t AA A AN AP S
B2ty ¢lste] AEEE YANb3r|Ee shulel MLE (Modified Ludzack
Ettinger) RFS7IE A2Fsto] AME3igdct. 71€ FFolA AMEEHE FT4d
d HigkE 2 dAFolA siESHAERTE e ©Ade] sty T4
COD:T-Neof| tigt 53t Yantg-o njadFE #ysicth. 2 Ho 34Uy
o2 ZAXRH dZejAA ] (pH 10)9} Zupd 2AH20k6y) 2 dol3 FertidS
o] &3}git). YAHLE A Z5lo] COD:T-N B](120:50, 200:50, 240:50, 300:50)
of W "HAFTEE FUsta, HA A steAER)E YLz A
AEA YgAXE] ARE Hsle] 7|& YFeLUE UAY = d=AE FH
dstazt stadch. K NH-Ne w=AZ U NO;-N9| 5=F3 o FE HUsty
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HAT LS Helslgda, FI3HU YAAELS TN w22 Helsidirt

) B4ahy

Sl EATRE oY f/18ads ARG AR Slst &@A 7}
23} Azl F ZYAE 4000rpmoil A 2027 PAEe](VS-5000N, Vision
Science) ¥ AF=o1L GF/C o§X|(Whatman, USA)E A}&3te] n &gyt o
F}o¥o] tfd}e] SCODcr(soluble chemical oxygen demand), TCODcr(total
chemical oxygen demand), BODs, NHs'-N, NOy-N, NOs-N, T-N 58] FHYESS
APHA®] Standard methodsoll A3t MAMEA& 433ttt ojujf, SCOD/TCOD
W BODs 2t F3to] 7HE3tE(solubility) B AELF o]&7Hsd ¥ AFE
Eelstglth EPS 4 9lsiAM whd g9 Feab £42 Modified Lowry &
o]-&3to] 750mmoll N FHEE HFsIEL, BIE A2 Anthrone W& of&

8te] 620 nmol A FHEE SAstalch

3

Jm

B SRIsrARY A F3HE 22X
PAHsE= Wotd, EdHo] iy 2 FASES AUy wgel ol& 2Tt ¥
BRAL AZAZIA] FUE & T Ut FANHA 1T &Lolvh whebx AL
1 o] &3lo] sl & WX Ho| Efshs BHFHEYL i
PREEIBL A F(PAHs) & ARH 22 A ASH: JleSd /WYstazt stch
PAHs2] SA4A271& /WEE $lste] DAY ste&elA|ol Eafsl= PAlse| B=
By g B3ttt (Table 3-5 X)) wtdEZH 23X += pyrene > fluoranthene
> naphthalene > chrysene 52 €02 EX3ln, 3sl5&ax] Ae|FHH PAHs=
BEEYA > 23&EYA > AEHA > YA £o2 EEXslgh ole
steAelEd F wE5FolA thEre PAHsTE $FE, 43IEE ARRA
PAHs7} E3lE|A] W3 st el A FXof thgeg ExigS on3ch

r P
B
>
E.
n![o
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Table 3-5. 3l+&dA| A F3d PAHs 5= (ug/ke)

PAHs Beex BEEHUA sFEHA] 2#&EA
Naphthalene 353,92 158. 60 378.45 246. 85
Acenaphthylene N.D N.D N.D N.D
Acenaphthene N.D N.D N.D N.D
Fluorene N.D N.D N.D 142.15
Phenanthrene 298.03 110.96 299.23 343.61
Anthracene 66. 49 58. 58 78.56 74.79
Fluoranthene 347.59 135.14 396.00 372.65
Pyrene 545 42 490. 34 743.20 544. 48
Benzo(a)anthracene 120. 56 103. 22 179.53 122.29
Chrysene 218. 47 230.34 330. 80 232.98
Benzo(b)fluoranthene 137.06 156. 10 205. 36 149.85
Benzo(k ) fluoranthene 147.67 168. 03 218.34 148. 82
Benzo(a)pyrene 100. 48 101.99 141.97 89.28
Indeno(1, 2, 3-¢, d)pyrene 112.62 104.13 161.39 104. 04
Dibenzo(a, h)anthracene N.D N.D N.D N.D
Benzo(g, h, i )pyrene 155, 80 160. 35 229.19 163. 60
Total 2604.13 1977. 80 3362.02 2735. 38

Figure 3-12% b 2% Wsle] WS TR ULSLRY SE 2
L =l

£
A5 BoFErh YA RAE 0~25kGy FTAFLE HIAAY F=
32 23 A3}, 10 kGyd] WAbARE 2R FS R AE W PAHs?
AFo]l FA3 AUt FEEELE 25 Koy UARIRS ZA BF
naphthalene, acenaphthylene, acenaphthene, fluorene @ phenanthrene Lo
99% o] A} HAE G o, anthracene, fluoranthene, pyrene,
benzo(a)fluoranthene, benzo(k)fluoranthene2 90% o] A} Ja|3

benzo(a)anthracene, chryseneS Z}z} 73%2} 68%7F x| A = At
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0
80 ~o- Naphthalene

—@—— Acenaphthylene
—a&—— Acenaphthene
---%--- Ffluorene

x-- - Phenanthene
---@ -- Anthracene
-—Fluoranthene
————— Pyrene

- - - Benz(a)anthracene

600

i
+

400 -

Removal (ppm,

—-o—- Chrysene
- - 3= - Benzo(b)fluoranthene
A~ - Benzo(k)fluoranthene

Irradiation Dose (kGy)

Figure 3-12. “abd ZAtell &8 PAHs 3}

D. MagnaZ o143 FREAAHS 3l WAk Zabol 23 PAHsY| E3l4tE
o] Mel&E4% s} slglt). Table 3-60 LEhid=
Z A WEAR benzo(a)pyrene?]
EAAY Azl 1 kGyd] HFoT AL B FAo] Fristd e, ZAdF|
Z714E B4 Yrlyog Zaste 7S uehilch
o] &3t &R §7E5AHAEAQ PAHsE A A WY 5EELY 75
state EolA ul$ E3bHel whyel ZAew wichHch

AMako] Z7IYS4E 72451t PAHs

Table 3-6. Wa}A zajo]l 213t PAHs2} Benzo(a)pyrene?] &322t

PAHs Benzo{a)pyrene
Dose{kGy)
EC50 TU EC50 TU
0 36. 60 2.73 59.65 1.68
1 45,53 2.20 36.69 2.73
5 64.29 1.56 105,75 0.95
10 61.56 1.62 366. 32 0.27
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AL Axo] Foishs AR ohjet JtE AlR Bol ThY EjEH o

H
22E 2 YolA, FFAZ TRA e, sEls oA, AR SISk E
= AR 2grBo] A AeiAel 1tz =&H3 glod, 53| =3d ¥

FAol JeiA uE FFA Uy FERE HdFel] Holst sHol AnHoE
Qlztell Al XA 1ol L gk

adu AdAdeiAle HE MEHE BFAE e R 1€
E3Eo] x| o 1 A pxIL HPste FislE of %3}. EZE 23
AbEo] webd BAE ARY sheio]l YUl wEo ALY ol Fol Utk
B3] QE, /1EER B SAE 2¢7] 52 Huld 2 AR3 AN ¥
Ao BT st MEIY FHo| ofFy] wiiel] ALY AMFRel= F

1}""'%‘51171] 1 BARCHEA A FAHE Fol A3t
L thoret AAAE TP AFAE PAIE ol &Sl FEAE VA 7
3} (4®H8{L, mineralization) AFIAU 2 B4& AAste] 71E stHe Az
Ade] BBy Ea LS JiE} AvlE & Yo HES sPsArh

g
M
x
(e
2
44
&
y tr

—

O‘I
'r|"

(1) A% 9%

713 wo] Zojgj shgA] Fof stubel Cefaclors 30 mg/L, 7HFoll ol A
25| Oxytetracycline® 50 mg/Le] 27|5EZ sto] Yapido] o4 FlHE
& 4¥slach. Table 3-7¢ UEhjRC] Wrbdg 0~1 kiys] dgex 24
sag w, 48 AENe Cefaclor(30 mg/L) = 0.8 kGyol’d ZAF A $A3HA

Hajgigon, 48 Abeje] Oxytetracycline(50 mg/L)& 1 kGy ZAF A] 90%

mlo
\

o]& Eslo] whatg 8o RAGIAS wl £ Fefof st B
i slol=EA gjrize] Al B Fridshs o A AYe &

olth
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Table 3-7. Zhupd ZA}2kel] mhE Cefaclor®} Oxytetracycline?] Hall-& w3}

ZAPM BF Cefaclor Oxytetracycline
(Gy) mg/L C/Co mg/L C/Co

0 26.50 1.00 26,21 1.00

100 17.62 0. 66 21.55 0.82

200 11.81 0.45 14.91 0.57
300 5.89 0.22 15.96 0.61

400 4.08 0.15 11.72 0.45
600 1.40 0.05 7.02 0.27

800 0.17 0.01 4,81 0.18

L 1000 0.00 0. 00 3.48 0.13

C: ZAF 5%, Co: 24P 5=

o2
L
2
i
H?‘.‘.
do
o
kd
¥,
rlr
)
AL
=
?,:
mﬁ,
rO
N
E
n
e
fd
o
A3
N
g
rlo
[
o

gako] Ak woln, sFA olelol= mi$ tiddt BAo] &AL At [T
8 stol=2A e fEREAL uig wEA R
g8lo) Qxyt 2EEo Ry wjEo] WS HF AP ooz Zapsjorut
oitt. whetr thg wh-gAa ol WA =4
Al HAgeke izt A4 L SR flste] et EHTEAQ optEtd
& 718 Arlstach HUMH  S3pAze sfl=5A et S JAANA
Aztia 22 ol slo| =8 aitizol tia EAstA sol FIA LR

ok
P
Rl
¢ P
I-N
>
2,
lo
o
L
o
o?c.

eaq' + NzO — OH + - OH +N

Figure 3-13, 140 2z} Cefaclor(30mg/L)%} Oxytetracycline(50mg/L) G-&
ool AbA T ofatz}AA FAE HIlsle] 0~100 kGyol WARIE 2AME o
o Toc Watae Uehigch

Cefaclor® TIo}Rt Aabe] Zhpdos zalstgle of, TAZLE 9= 93
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zZA}EIYS AS 40 kyolA ©ie 45% F =7 Fr13 gHAou, itavtAR
Cefaclor $-&4& E3AZ ¥ Zinpd ZA}s1eE ZA-follE 10 kGyollA 60%7
$9] B3y} o]Fol A 100 kGy AL A] 90% ojato] FrEIt gt wbd
opitatA A FIAE HIIAEAM A F upd RALE SIE& ¢ 20 koy
ol A 100%0]] 7H7kE F713t A&E HojErh EF

AFAE @ ok gupd AR 198 A% 40 keyol A ti=f 27% A=)

rx

Oxytetracyline®] A% 7}~

l>

OxytetracylineZ} F713 E 3, AtATIAE
790l 30 kGyollH 6253 =o] 7|37} o] FolHrt. WA ot JlAE H
FHAZA FAAZ F Zobd RALE A& A 30 kGyolgollAl 100%e 7t
7hE 7713 A& HoFlrh

o] opatztAAE Azt Bl &EAIIE ZF ALH EtIEECl ¥
A B gt ozt Ay Edol ¢ ZF FIIAUEE evlLE Holst
of f71BgEAL] 437 HAYS WA F7] wiFel FAMI ZARL

. o] = o " (o] o A
HLZ fFAEE g2 E9&S & ¢

¢

EUERY

AL et}

flfo
(r

18

16£ & Radition

14 ' 1 Radition + 02

12| @ Radiation + N20
4 ) A Radiation+pH2+02
g) 10 r *
S 8 LR . ¢
= A

6 Q {é_&]

4r [ 0

2 A A 5—3 -

0 ® o ® & e

0 20 40 60 80 100 120

Irradiation Dose (kGy)

Figure 3-13. Al& EX N0 J|AHE HJloj o] whE Cefaclor?] TOC WHE&
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35 -
¢ Radition
30 {1 Radition+02 saturation
o5 2 ® Radition+N20
L 2
~ * o A Radiation+pH2+02
520 ¢ * 3
£
‘%_3 15 @
A M
0 1 ]
10 u
A
5
] 4 A
ol ® @ __ ¢ . &
0 20 40 60 80 100 120

irradiation Dose (kGy)

Figure 3-14. AtA X N0 7|HE H7po{Fof T} Oxytetracycline?]
TOC 3}

3. ste&EAl nBE B4

7t o BE Ex 9 {18 Y 54

4l S o] R3F NAE WF BAH4E dohiy] sty ABATE A wE
AT FEE Baste] &l U] EXske Y uldEe 58E& <43
At} 7 AIE T Table 3-8 Zgkom olE Aol ulet EM3 2 W &
& ex9} ngBe] ZAst7] 2 BAHU 8 AF AR B} AHEC
chgEe]l 271 EA vehdth &8x8 FFo] wE tiAdy E2E AWRR
&8=2] FRultt AAE7 the Ho|E Holu dwrdos 13 LAY 5F
o) hAF AR B Row RAEgon 4&R| Y AP &
2] 23 QI3 thAFe] AbEE El elx] R} oigEel ARt dAs] w@
A A=), 283 BasHAETEE E5&YA ol tidFel ° W2
o2 ZAFArt

am 14 oA oyl iU 3 BEE B S, ALY 291
3 gaiA el 20~3062 Uehton] of B8 Aot of 58 &S EXE By
T olsh ol 13 &elxl Rr} AN iR BES] Y olfE
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o] HageAl FHoNA o ndEs FABA, F48, HolRA F
2] @alof 71Q1% oz ALEEH W ofFHo] B} AFECTE A UEhd o
FE g AEet uie} Zo] tiAFE Aol FHUYN A= Q3 B B
go| Z713te] Zlalste HoE mintHct E3t Py AURMY ciAE AL
HE2 B, 712, ALoE 96~98%, ol Fole= 91%E LiElNCE

Table 3-8. Aol WE 7} &Y chaR+ B3t

Q4 g &= 28 t A F4=(CFU/ml )
1% &8A 630, 000
HZg £4% 130, 000

~69 (2 ’

49 ~64 () wZ &% 740,000
23} £8% 12,200
13 &9 920, 000
Ca 94 &7 510,000
74 ~94 (2 §) X &)z 770, 000
A3} &£8% 70, 000
12 &8 810, 000
o 93 297 210,000
109 ~119(7h) =2 &3 690, 000
231 &8 28, 000
12 &85 570, 000
. AWd &7 170,000
129(AZ) B S 640, 000
23} &8 15, 400

u Aol 23t nj g E dadk 54

b 2AHE B ol 2 ditAEY A BE S shie 330
mj$ 145 o|Feldicks ot B steFUA YL i tiBE 97
mlEo] Al Brl @e &g AL Az|shs Zlol Fasith. 1 A} Table
3-9o Utehdiutel Zo] 1kGyo] W& AFelME UdbdlE, thFd BT 99.7%0]
3o AAES UEhd BARAZE EeA W tiB, it Apdoel B
3t o2 UEldtl. B3] 10 keyo] ABog AlstgS o, ity © o
T+ BT 99% o] A A= L

Figure 3-15% WAMIE ZAMSHA] ok o AlE 3 kGyE PAMdE 24

o}
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2
[n)
o
el
o2

ERe] SEM AbZl ulehlglth WA S ZAFeRA] o2 thRAE wiA
o] MEE At E313 7hF FRE Holu} 3 kGyE ZARE tiAFS EHo
Watddo] ¥t EAFe] EFo] WHEM HEQ ZolE okl S HUIY <+

Table 3-9, WAM ZAjol WE &) n] 4B BFEY

ZAPARE oAntAM A
(kGy) CFU/ml A AE(%) CFU/ml A AHE&(%)
0 1, 300, 000, 000 0. 000 375, 000 0. 000
1 1,040, 000 99,920 1,050 99.720
gHd&YR]| 3 460, 000 99,965 330 99.912
6 220, 000 99,983 290 99,951
10 77,000 99994 185 99.923
0 | 6,200,000,000 0. 000 840, 000 0. 000
1 158, 000 99,997 1,170 99. 861
Lxzgz]| 3 137,000 99,998 120 99. 986
6 36, 000 99,999 120 99. 986
10 5,100 100. 000 30 99,996

Figure 3-15. WA ZAF A F9| E coli cell®] SEM A}z

(3 22 A, 1 3koy 24 F)

4. ste&dA Hul3l Jls

7t A= B7}
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(1) 2=43
Hulsay & 2= ndERFd vlEHle S/BIREE LEE Eu|sl] 2
X2 AMSE BEE oY A Aoz oA rh AR AR @
3 2} A8 EHE AN Az}, FdIt Fus 93
A2 AHESEE B9, AR 2AF &7 Hulehe 3 o|ufof] 60TolY &%

rr
fr

PN

APSEA] o2 2T &ElAlel wls] 2&7|Tte]

(=]
=
2~3d 71% o A&EHE 22 Uikttt (Figure 3-16 #X)

)
)]
5
®
5
o
£
& 20 +

10 | ---0-- - Control

—e—FB
0 .
0 2 4 6 8 10

Operation Days

(a)

Temperature ('C)

20 r

10 | ---0--- Control
—&—EB

0 2 4 6 8 10
Operation Days

(b)

Figure 3-16. (a)Z%3} (b)ERtE MHAIZ 3 Hutte] Lxws)
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(2) MAE YEE
Huls} ukgold $71E Hajs) Bslel nAEe FHet 45 FYye
ATE QYoiAT nAEY BEEo} BaAsle] AT UES obd B W ub
k. whebd Hush 0g3l ngE BETo] BAE Uokws] fste]l INT
Formazan %% 24g B3l Z3siglch Figure 3-170] UehigiRol Hu|s}
e Z7lol ulEA} &exe) Hulglel us] ALY 2A} &eA Hulwo|
Fos o e WAE BEEE Rl ot HuHHE F L=dy
Aste} fAk8l ARG Uehd Roe, HAd ZA} Hulsh) AEE 1S

BEEE Z7MAA EHut 2RSS U ZoR sichdr)

""" Control
—'—,__EB__

DHA {mg Q2 / g VS—d

Ol — -k N U [ U —

0 10 20 30 40 50 60
Operation Days

(a)

06 ---0--- Control
’ —e&—ER

DHA (mg Oz / g VS—d

o b L e [ S (R U |

0 10 20 30 40 50 60
Operation Days

(b)

Figure 3-17. a)&%tz} b)Snhe SIS E 3 Fu|ghe] njAE 55 HE
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e 447 B AR BEEI Uk o) sel B)E @A vEhien,
exslz R BWEE Ashl s Relm Ad pasie Zew Urhyn

(Figure 3-18 =), B|Zal &8 Hulddo] nls] Axpd =2} suicte] Z-#

W 7Hed #718 el FUR Aol FlA% Ao BUULh E¥ o)t A%
@ Aad 2AE &eiAe) s APeld 2= U u4E ¥R 33
Fae HUSHE AP UNste A3 HolETL

25

.20t
®
5
= 15
0
o
£
o 10
[
)]
=]
%)
> 5
---O--- Control
—8&—EB
0 T
0 10 20 30 40 50 60
Operation Days
(a)
18
16 -
g 14 ¢
c 12t
2
'g 10
£ 8¢
9]
g 6f
0 4
- ---O--- Control
2 —@&—EB
0 ) —
0 10 20 30 40 50 60

Operation Days

(b)

Figure 3-18, a)4%H3} b)BHhe A2 3 Huixte] n]YE BEE W3
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4) EH|s} sS4 =

Hulslold il 4= Hrke HF oNuleE 7] CoNR[e] ]
[(C/N)¢/(C/N)o]l 2 718}, Figure 3-19ac UERd uis} o] Zxhe Y3iA|
2 A2slE e A, 608 F C/N)/(CN)ok HIRAL &EA] 0.66, 2AME2A|
0.62% Ztz} ueiytch EF B WHAZ AMESIGE B, vlRA £3A
0.73, A} &2 0.672 Lielrh (Figure 3-19b ¥2). HF == A
Eujets B Hugtold BE AAE ZARE Z9, 4 $5740] ofFofd
S HA¥ 4 otk Hule 4= H 71EX QA 0.75 o]s} Hel
4285 E AAAE ZAY B i 22Y0] HHsts S HA”
ANE Foto] AAd 24 F EHHE ndEE ASY ZFF HAEY BEE
7t golAl f71E EsiE &olst AA EHule] A2R/R|7|H0] FIH8HA

P42yt GAEEE FHuHrt wE S22 AYchs Ao whekdr)

(initial C/N) / (Final C/N)

05 L T U S SO

0 10 20 30 40 50 60
Operation Days

(a)

16 ---0--- Control
T*EB

(Initial C/N) / (Final C/N)

o5 ! - e [ P

0 10 20 30 40 50 60
Operation Days

(b)
Figure 319, (a) AT} (b)BHUE WS 3 Euiche] ul g2 Su|st 4% w3t
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(5) ol 7}
Zucconi 5-& ol (Germination Index, G.1.), &Atel, AEAHS] TFH
5o s Fulol GAEE miuisigon, 6.1 Ftol 80 ool A&
EX4E 71xA] gecia B3 8 bt qlrt

Figure 3-202 SI3lA2 Atk A3 &2 =uzt 2pgolA el w22t
Apzple] wolg-g 27t Uehgith wjsx] wotdd Az zal gA] sHuldd
ol A 90oj 4o R BlRF & 6.1 g B U, vj2A &% FHEjgtE 70
o] G.1. Zte& uehiidl o3ch RE gy w2 7jole VFA FFLE
Qlal G.1. Zto] WAt Eu|strt AP AN FUY 2Pt (

Acid, VFA)®] E3j2 ol3t VFA EAAR G.1.3to] 453 ZAeg zichdr]
Azey] oty Azps iy gotd gzt fASIA Uelhgted 2E HM
G.I. Zko] 80 o4 Hol ME A2 e g oz wthdr Iy
H|ZAL &R Hulhe ZAF Eugho] us] HriFe® w2 6.1 e 2o
Az 27 LA Hule] SR gddt At d&S ¢+ At

B2 Buhe AREE &eix] EuE FolM wiFA] doldd A =
A} Ejuighe] G.1. Zho] 80 olatql whd, w]ZEal HujwgtE 74 F=E LEIKIT
mpebd H|ZAF ElHIEEe 9 Eu[3} B& izte] o Wod o= AEHTH
Apzp] wolAdd AzbolM &AL ElH|tho] 999 6.1, 2 Bl Ris wl=zA}
Elujghe 655 ui3a] wolA gt AR AAE HoAETh

v}

Volatile Fatty

]
©

100 f

80

60

40 |

Germanation Index

20Q
---0--- Control
—e—EB

L

0 10 20 30 40 50 60
Operation Days

(a)

0
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120

100 1

80 IR TETE

60

4065,

Germanation Index

20 - ---0--- Control
—e—EB
Ob—— e . L

0 10 20 30 40 50 60
Operation Days

(b)
Figure 3-20. Z¥hE 3 Z ¥ &= Huehe] a)ufF212t b)FF4 4

Wobx] 4

. S 284 37
shpgeAlY EuEA] AANE 2ARE Fe Euiee] ndE BEEE
F7MA LSS Rustinh. E ole AA AR s A
Ml [A1El FUste] nAdEY dAfel H o] Jjlslke Ze=E
zieteith By S40 EYshs 420412 ARPdS 2ARE 9 #HAL 2290]
gEEHE 2S "HAY £ Yk o] ARE FI AR =24 F oEHHFH
nBES A3Y 29, uAEY ¥EEI koA 718 EHE 8ol
5ol Eujgte] w&fA7Ie] Frltle FSE7t FAHEE FHulHTL wE
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ko] 30% AEE WhalA Hasle] SARE o]yttt BHHA, 1,625,676 =/
d x 307100 x 25,975 U/ (3h4&EA lton SGFIIAL AHulR) =
12,668,080 H/d o #AA WL AZazst Jvdch =¥, FF 34
EL A 2R g Yok, wAEAE U ZFAE YA 22 &A] Aol &
vl o] ZIIBIthd s4&RE AZ BFANES HHd] AAYE 5+ UL
Aoz FAHTh
qhalad ubgiabxlel 10 MeV, 50 mA £3Fe] 71&7] 171& 318 o 10089 &

2] Aol2E Aeld 4 il YT &Y 30%5 MY B F 14
718) Az 7i&717F Hashy, olufe] Mululs, 1,625,676 =/d x 30/100 +
(36,500 =/ -17]) x 3,000,000 H/17] = 42,000,000 ¥/ o] £9%°
Rog &t WA <A HNE s F 14719 FAA HE71E Y
7L, 12,000 ki#/d x 50%d/k¥ x 3659/ x 14 = 2,066,000 4/ d 2] H7lw]
7t uE Zlog ogEm, 7El NS EUst] F 3,000,000 Fd/d
o] Au7 £0¥ AT FHHACE ulehd WAR] WAZA] A]H duAH
A 4d A3 F SRV olEn folo] UASHA H Zoez FAHH
t}. (Figure 3-21 %=)
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5. 3t&eAE o8 HEAR FAA A=

7t. AA&F BBAE

stesdzE dE Hug 33 glo] EYFAE slste sz Ed =7
AR Hobste] Watdeg At F, 2FAuE T Bl AlHshal
2 o Fo FAE00) 2 FE HAF () R AEYR|(SL/0kGy) < A=
] (SL/20kGy) < W]ZAIE =] +E7Fx1e] (SL&SF/0kGy) < dWHH]FE(C.Fert.) < &
A& 2] |+ & 711 2] (SL&SF/20kGy ) 8] =S & UEINT) (Figure 3-223%).
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6. WA olf sirGeEiR R E @AY Bl W SreAe] APEAA A

7t. ste&eAe Eel33ty 444 Hs)

F71857182] 73S 21 Eel3ety Aeld RS S 1R FA317]
9]8}o] TS, VS, SCOD, EPS (Extracellular polymeric substances) 529} 3E.&
7t stgdem I ZA3E Table 3-100] Ltelfdch. wabd ZAatol 23t scoD
Z7he Ui &E U ¥ EY Fld T Ao
AXe Y Z-¢, EFugEo] o] &Y 4 = TrAYo]
T} Table 3-110] YehjgiZo] ®hpe3tE, whid JFoit 5o EPSE AR
Z ko] wial dA s Fulstgon, 53] i 50 key 7HA] ZAF8IoE of, ]
ZAEol vlEte] ghp3bE, A, FEibe Zhz 17e), 6wl 2E|n
Ztstgd e, % EPS 32 11.58) FUistgdc). o Scopd] F7het UAst
2%E Uehle 222 SBA dAE 85I e HAEY F2 7484

o] Wapy ZApol ofste]l 47 BaEE R Yt

dr or
mlo

Table 3-10. BHAbH ZAFS} Wsle] M slegeix|e] Belspets 54 W3

Dose TS TVS TSS FSS VSS TDS FDS VDS | TCOD | SCOD
(kGy) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)

0 13,620 | 8,720 | 11,933 3,633 | 8,300 | 1,687 | 1,267 | 420 [13,350 | 184

1 13,290 | 8,570 10,833 | 3,300 | 7,533 | 2,457 | 1,420 | 1,037 | 13,690 | 675

5 13,380 | 8,600 10,967 | 3,400 | 7,567 | 2,413 | 1,380 | 1,033 |13,900 | 1,101

20 113,380 8,650 {11,000 3,667 | 7,333 | 2,380 | 1,063 | 1,317 |14,080 | 1,441

50 13,918 9,020 {11,500 3,833 | 7,667 | 2,418 | 1,065 | 1,353 | 14,350 | 1,860

Table 3-11. WAM Zale} Wslo] wlE st A| Y EPS &2 54 W3

Irr. Dose Extracted EPS (mg/L)
(kGy) | Carbohydrate | Protein | Humic Acid Total
0 4.9 5.8 22.4 33.1
1 32.8 29.3 55,7 117.8
5 50.3 53.9 82.9 187.1
10 57.8 48,2 97.7 203.7
20 74.0 47.7 218.8 340.5
50 85.7 35.4 260.2 381.3

_52_



(1) TS ¢} ss¢] X%

ok Zabe]l o3t WA &R SERIVIE APS U TS, S8 HHZ
2} Figure 3-263F Zth TS #3le zimpd RALgko
L Rolx| ¢tedl, FAFEoE & ol Fol o]F Bl + e +IHY
A Bafe] 33FEQl He, « OH, ey 8] Aol WolA zinpd ZAale] 23t 3ol
Ao Zow wictHch SS9 wihe Zupd Aol 0~50 kGyE F7hol o
g2}, z+zr 15,900 mg/L, 15,333 mg/L, 14,300 mg/L, 14,000 mg/L, 13,966 mg/L
2 RREA o] st G el ¥ 4 UMt sSo paE Zmpd 2
Al AB4E grelE ubgol ol SRS A 0.1 m oGS AE AJef
FEo] dF BaElHA &2 AHejy 2 Expu o] {71E ez AR

b

7] wjiEel Ao ALEHET} Figure 3-27& SS2} SCODE] FAIE HAFE= A
o s59] Z4s} A scoDsErt F7lste ARE Rola itk ol FRAL
HE Fejoldd f71Eo] Znpd o] o3 ol fIE FEelE &EF

scopg el = A&E et & 4 glvh
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Figure 3-26, XA}sfof u}E TS} SSo| w3}
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Figure 3-27. ZA}eko] w}E SS@} Scope] AtdA

(2) SCOD/TCOD £} BODs/SCOD

Zvupd ZAyel ¢ 3t SCOD/TCODL} BODs/SCODS] #i3}e] A3 ZAzH:= Figure 3-28
of Llehdt uie} Zrh, TCoDS] W3H= Zhmpdo] 0~50 kGy F-7hatell ulbel 14,740
mg/L, 14,860 mg/L, 14,900 mg/L, 15,140 mg/L, 15,000 mg/LoE Z WIE X
o]z ot UAAF ZLe Fx|stgl e, scoDghE: RAMOl FHETF 0 keyduh
700 mg/L, 50 kGydul 2,850 mg/LE <} 4u] o|4 F7istdict. & Zuhde AL
ato] Z7}a45 scoDto] F7ste] &#AQ 7HEEHEe] EoldE ¢ + alth

ol FRAN] [IIHEAL Eofd Y VoSt =H2 eag, H-, - OH
5o f712@EAL MeEET} 0¥ &2 -0HE fU|eHdEHA Ht
Hhg g A3 4hg, AzpE], gl AAY g T2 2dEEY 23
ahes Jolowy LAY JHEHES Y A Ao wictEo] Ach

Zrupd ZAel 2|3t BODs/SCODZERl WEE EY &&4 R7l=olA nldEel
o] E3H 4 gl zke] M3l= 0 kGyd w 22.9%0llA] 20 kGydw] Z|ch 43.6%
Zko] Z 715tttz 50 kGy dufolls 27. 6% ZhASHE FA¥E Bola gt 9
L zAlRko] 20 kGyoll A 50 kGyZ F7hAlol BODsS] F7h&2 oF 15%0]L} SCODS
Z7H&2 oF 80%B TR Zmpbal Aol 23t scope zke] WEUF ¢  FH2
Z71std 7] wRolth &S Rstados ARY £ e HFHY s
&2 AL 20 kGyE A=E®TH
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o
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Figure 3-28. XA}gFo] w}E SCOD/TCODS} BODs/SCODL] *H &}

(3) Scop/T-N 2} SCOD/T-P
HAZFL @12 fRUIvtade] Ex7t Aol Ao @A 9
AE C/N Hl7F 2~33% 2ol Hasich Zwbd Zape] 23 SCOD/T-N u]gt
SCOD/T-P2] W3H= Figure 3-2904 R uieb Zth Zapso] 0, 1, 10, 20,
50 kGy mje] SCODC/T-N wl& 2ztz} 14.6, 15.6, 7.7, 7.9, 13.622 HAZF
o] frletagd o g AREo] WS o C/NH|Y 2o ZYFHBE FEI| M

Aol Qlrkz wrgrgith.
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Figure 3-29. RA}2Fof u}Z2 SCOD/T-N2} SCOD/T-P&] 3}
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Figure 3-300f 4 T-NS| A& 4abel H3HE Zmpd Zatael wet uehd
RO zhupd Zabge] F7hel met T-Nghol F7hskelch ¥y SelAlolA
£ NN 7P B FES XSO, 2Agel 3U4S 7184 4Rl

A gl A4EE 2e & 4 dgth
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Figure 3-30. AL WH3lo] mE && A0 XU
U gapd ) ebde] Aeo] 23t wad 34

(1) TS o} SS9] W3}

HE8 Y& A §ER7IE BES 21T Y Hnpd ZAFSE 20 kGyE 2
Aslal pH AAzol wE W] wlE &eA|e] TS, Sso AP A= Figure
3-312} Zth d7tel AAelo] g 18 M= prt 7~11714] JS7istel= o
Ag 7k SRl Y= RS & 4 Attt FAFELS ZAupd Rl wE o
o] AL ZAXY ozlel Ao g FAFEL & JA SFLE FII5HA
L st v g o 4 AUrh

SS¢] wzh= Zupde] gzt WAl pHrt Eold4F, & NaOHe| o] F
NHUSE S8 o] ZaFE RS #H ¥ 4 ) Sso Hae dtE] 7
sE2aflo] os] g defe] ¥ Eo] EaliEEAM £& el 2 Exh o]
4 718 Bz J8EA] dE€d Ao AlgHrl

Figure 3-32 pH¥3}oll w2 SS2} SCODY HAIE RHojFE= ZoZ SS9 A
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o} A SCODEET FItste
9 o] zapdael 20 kGyd
< 4,740

A& Holil gtk Figure 3-3204 Uehd ul
wf SCOD %t 1,570 mg/Lel3l pH 11 wje] SCOD
mg/L2 odvte] ZhpEafoll ojste] 3uf o)A FItstdich ol= SS

771E 3
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Figure 3-31.
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Figure 3-32. 20 kGy2] Aero 2 A uf pH WH3to] x}E SSe} SCODL]

(2) SCOD/TCOD 2} BODs/SCOD
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alyla] A A e)o] 2]3+ SCOD/TCODS} BODs/SCODS] el A¥ Azt Figure
3-330] Ul viel o, & ZAjEFo] 20 kGyo|i thRFE, pH 7, 9, 10, 11 o
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o] SCOD/TCODZES ZHzh 10.3%, 11.1%, 12.8% 19.6% 29.6% o]th. & 39
Zupd kS 20 kGyd wi pH Z7bol whE SCOD/TCOD Zfol F7hel wetM &
28] 7Hg3hgo] ol o 4 Atk ol Azh= dvlelA ol £ 7t
£H3] ukgo] s MEHo| 3 xietElo] W ZF §EF RIIE ¥l
AEe) g Qs &&= ALE )

[>
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Figure 3-33. 20 kGy® ZA}& wj pH #i3}o] w}E SCOD/TCOD2} BODs/SCOD *d 2}

(3) SCOD/T-N 2} SCOD/T-P

ZH gl §EE s E FatdaZo] Fo Al C/NH] 100]/4e] Eofof
1A Aghe] 3 wE kg dAU dolux] dE FAeT HaFozch
Figure 3-34ojA: pHHdfo] uwl® SCOD/T-NZLzh SCOD/T-PgkE Uehidch 3
Z Aol 20 kCyE EUstzn &elAlo] thxFE, pH 7, 9, 10, 11 dwf SCOD/T-N
e z+zb 7.9, 8.3, 11.5, 10.6, 12.9 ©]31, SCOD/T-P gk 20.12, 20.49,
22.4, 24.0, 19.4 ZtoT AAHoZ T-N & T-P Fto] sttt ol= zmpad
ZA} A] pH 40]312 ZtAT4F H- o AL FA3] Frista, - 0He B4
e AZ ZyIte W e o A FS FA3] FAYTE EF pH} 100182
2 Z71 A9l H- b - 0HY & ARl FH3
273 Z715t= Zog Ra ¥ oul gtk F 23 &AE AL e F
HEQ Zy|z ugBo| azte] sisBalel Zupd ZAatel o3 H- 1l - 0H 2ir
Zt Bafol 23le] W AAHE W Qg £&FHE e FHACH
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Figure 3-35. 20 kGy?] Az o 2 ZAIY uf pH WH3lel] wjE && Ao ZXHE

ch. Pzt 2Rl ol g si&eie] 7183 2 RS Y
Yabdo] &Ejlo]l ZAEE 431 AR e ), TAUAIETIZ(He), 4TS
git]Z(0He ) 5ol BPE ] olFol +F Et A I 29EL 113 2

Lot

£ BYNLE Qor Faugo] YolUA Hrh EF YaHY EAHF shi
L 43e AR} oge 2R 47180 ARA AR YRS
B4 & 4 ek

wt2bA] TCODZ NBDCODZ7} BDCODE A o] 7l53|AEE o|F o]&3}o s &
L Zgx] ol &Astn A" {7 sBAY S Fstr] ¢5te] H0, W b

Zatol] 2|3t SCOD/TCODY] W3S Flstazt sigich (Figure 3-36 H=) ofu,
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Ho0: Qe A3t 25 E 26.5~352.9 oME w330 £ TCOD $ SCOD7} <&
5~13%Z F7I5the B¥S UELY, H0sEE HIAFIEAM ZupddE 10
kGyE ZAPIE A HO0yz=rt HIAIZE uf 2ol M3ty A3tds 3¢
7t && fUle Aol o 11~17%2 F7IE et E3 Znpd ZApASE 1~50
kGy2 WH33te] weld F #7] ©@xd F
S}isL, He0 88.2u0M2 Al FYSIAE B¢ 7HEEHE0] 50kGyoll A H0.7t AHE
st Z-9-RTl of2% F71skAct o] A2 H0.9F ZmpdE B&Al &8A Y &

g AArstel Zoh.

£23 elaglo] o 7%~12%% ZF7}
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Figure 3-36. SCOD/TCOD H]of thgt (a)2patztg=4co} (b)AHd2] A%
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Figure 3-372] 7% ti=xi¢] BODs:= 234 ppmo]loLt, shy&e|=|o Hy0qk
A7BstdE B9E Figure 3-37(a)oflA REo] A} 573 ppnl® F7FstalaL,
10 kGy?] gamma rayZ H0.2} Al o|€319S % #ull 629 ppneE F713514
T}, ¥HH, Figure 3-37(b)&} Zo] gamma rayqt AME3}9S ZA-$7} H0; 88. 2uME
A FY3tEE wf Bl o &2 Y Lo 7S Hort, ER <A
o] R3] Adol glolAl Figure 3-38(a)] BODs/SCODS 3ol At F71st

et ol && FojdE EEEC] Awsl 7/Hs¥ EHERE Yol oF
%<& HE gamma rayol 2|5t

0 kyARlE 748 st zasbd oze &dAz R
(mineralization)® ZRoT uictEit}, o|24, 3Jl4&8|R|o] gamma ray2l Hq0.
Htol oA &R E AR F3 9 AT et e BHSHA
, ol& EdlE &8A] Az U N2E FHo HE&sled 7R ARE ATH

A
+ 9e Aoz A=dh
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th. akzte] @ A3} Bl % sHr&eA2RE Y i 3
Table 3-122 Ago] A2H Ao shp&eiAe] 44E Ushida gt « 3t

22 a]x]¢] TCODcrZ SCODer7} X}A8H= vl-&o°] 2.6%0] E}staict.

Table 3-12. Characteristics of raw excess activated sludge

Item Range Average

pH (=) 6.3~6.8 6.6
SS (mg/1) 11,000~16,000 13,500
TCODecr (mg/1) 11,740~14,740 13,240
SCODcr (mg/D 330~700 515
T-N (mg/1) 15~88 21
NH3-N (mg/1) 12~48 18
NOz -N (mg/D 0.01~0.04 0.03
NO3 -N (mg/l) 02~3.0 2
T-P (mg/D 34~42 37

oo} 7L dl4-o] AABALHAE PR A 7 F2 7HEIPYH(#
npdzAl, SEAT, aze RS F8st A4 frivtadd e 5§
Q& uzstacnt ol & gty AumpdAEle FFATE 7IELE S0 kiyE £
At 92 A S 9)slME 0.56 g 0x/g SSO| ZAlaro g zARiglen, ¢
Zla]H 2| 9L 15.0 mMS] NaOHE 7}ste] 2% pHrt 110] H =S 23t
2217t IRk AT

Figure 3-39% Ztzte] 71g3hdilel mE R71ed 7Hest 5
2} MESHE o] €754 (BODs), 22| ojufe] pH W3S RoFaL glrh. Figure
3-39(a)ofl UEIL}EC], §71E8] 7H&3t & (SCOD/TCOD)olN &= abztelA 2|7t
oZXe} ZupdAdEct EEAUS o 4 Atk ¥, BEHH o8I
& UEhJs BoDs ZHol L e&Ayye] /MY B US ¢ 4 dlrh

Jleztx e o2l pH WEHFigure 3-39(b))E EH, npdAzlddE HHd
pH 6.701A] 6,22 ¢Fzhe] pH 247t ol whd, eEAel: 442 AL
o, azeAeFels 8.98 ZUkstel, & gzel AzMde ol 3

23 (SCOD/TCOD)
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48 f1Dade ABTH GATHol TS AAE /A o 23

ol "astA Hrh

30 1500
3 SCODTCOD

A25'—B(I)5 41200
8 —~
~ 2 =
: = B

15+ To}
: ™ 8
810— m

5t 1300
N ,
Raw Gr Oz A
(a)

10

9 |

8

7
5

6 _

5 |

4

3 !

Raw Gr Oz Al
(b)

Figure 3-39. theygt Heiyol & (a) &l 7H&3e} (b) pH %
(Zopd 2Ab: Gr, QAN : 0z, Fe|AE] : Al).

st W B3 AN EE GEUCHN-N), oPEAIE (NG -N), HAtd
¢}

(NOs'-N), &&4 f71-4(organic N) ¥ A=} |-7]|AX(particulate N) &

2 749ch ¥, AAEY YEIH Aol glojA Aats W HARNS
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o] ¥ uhZeld], o7]A RIIetALL F2% J&E A Hrl Figure 3-40
oA A2 ste&ElA] HEHA e wE A4AYEY FHEESY Aol
T-Nof| tfgt scopake] ul&-& Zt2h HojFal glrh,

A 3h2] JoiByEER] A5YS FE NH-N Fel2 Exfsiut, Al 7HA] 7}
L3 Az olFole BEF NH-N FelEris F2 {784 Fe2 EAES
ot 4 glth. o]& A= Lin 5(1998)8] &z ol &3 A3+ A F

3t AR Bol|x itk Zelx, L&A ¢ gl e Fo] Nog N7 F7st
L EAS RojFa ot} 53], LEAA ol NH-N7F AA] AARFS 3% o
g 23] 2 u8E A4S RAqdF3 ged, ol L&A st
NHz-N7} NO3 -N7HA] 4t3pib-go] F = o3-S ofu|gich

T-Noj| thgt scoD#ke] u]&(Figure 3-40(b))2 ¥ 3te& A9 Z-9 21.30]¢
=gk 71g A o] F n|AEAV T2 TR &R 232 ¢lsto] ScoD
Z7te] wla) Aoz AigEol FASIA FUIste] 11.0~12.87kA] 2481
gout, HES ©§ANtgS ¢3t fUIRAYeRE SES] g2 Aot «
o7 MEst ©AZAHL 98 COD/T-NH|E 8~102.2 AA3tL glon,
SCOD/NO; -N H[&& 7|&28 & HPole 2~10:12 FYSIAl Hrh NHs-N,
NOz -N, NOs -N & §7]"A 4 Zo] % T-No g AM|IATI 7R3l 2 A3

oA @ol7l SCOD/T-N Zhe &% A7lskafosA $%3] otz ¥ 4 drk

400
O Nitrate N
350 |i ONitite N
= 300 O Ammonia N
g) 250 HOrganicN
5200 |
c
81680 |
Z 100 |
50 |
0 '_1 [ ! L
Raw Gr Oz A
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25

20 f
15

SCOD/TN

10 |

Raw Gr Oz Al

(b)

Figure 3-40. Thoksh Ag|ubiof 23t (a) AARE W31} (b) SCOD/TN HE}
(o} ZA} @ Gr, Q& AME} : 0z, gZe|AE : Al)

FZHoT AESTH Ao £ty AT F {IIRE

B #4she F3E #HAstaAl sted ok &, 7
AYE B3 RUlE ALY FeaES IristshiA,
tF o2 o] 8rted RIVIE UHY vI&S s,
pH 7 B2 2 pHyl W3lsleS fYoz4 F7H2A pH 2 AL oAt 3t
Ed et ol& flste] Al Al FHEE (mbd A 2l (Gr), 2EXe(0z), o
Ze|A el (Al))e] AYEAE Z7] delste [epdAel-2&42(6r-0z)], [£
23 2-2npd A 2](02-6r)], [dZeAe-Zubd el (Al-6r)], [dZde|Az]-&2
ZH2](A1-0z)], [ He]-ZutdAe]-QEX e (Al-Gr-02)], [dZeA -2
EX2|- 2t A 2] (A1-02-6r)] & F 671X 8] ZHfol thste] RIIRtLY 5
d& ulaste] Hgitt

WA, §71E8Y 71E3 BEYHH ol €75 FW(Figure 3-41(a))olM =
Al 71 S Ade Ae((dZelAel-dupdAe-e&Ae]], [dzde|A -
Q2 e]-Zupd A e)])e] ScoD/TCoD7t 2Hzt 35.0%, 34, 4%%. f&o] &A LUE}
vtom olufe] BODsE Z}Z} 2340 mg/1, 1940 mg/1E 3FA E|0] Altjyow [zt
gld -t A g]- &A1 Aihbde] Rt A S B il gk
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&% pH A3 (Figure 3-41(b))E AFFEULE JHEspA 2 F-9([H0td
Hel-e&Ae], [eEXa-gupdAel]) Z2 4.4, 51702 pH7} Zh4stels,
[z el-Aupd el ) lele W2 86712 Frletglon, 2EAEgAel
Agtgol wat 242 pH 7 B2 02 ZHAF o] FIhHAl pH 2F A Qo] HIE A
B33 @ElgPos FYo] JteE B Qlrh

50 3000
C—1 SCOD/TCOD (%)
. 40 || mmmm BOD, 1 2500
S
= 1 2000
S 30r o
Q 11500 ©
g 20 | o
S 1 1000
10} 500
0 0
Gr-Oz OzGr Al-Gr Al-Oz Al-Gr-Oz Al-Oz-Gr
(a)
10
9 -
8 -
. —
Q
6 -
5
4 |
3 L )

Gr-0z Oz-Gr A-Gr A0z A-Gr- Al-0z-
Oz Gr

(b)
Figure 3-41. vjo¥st W& glo] 23t (a)&A| 7H2-3}2} (b)pH W3}
(7t ZA} ¢ Gr, 223} 0z, oA T : Al).
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zte] Aol W WAHTES Wi SHE AWRE, A JHH PP
BT Aol whet TN gHato] & UEIIL, SCOD/T-N ulg ZdoldE 1
1~12.98 T2 % 7lx 28E AW 209} %y $F0 Uehta itk
olo} ol WANS S 9I5IH TAULS ity AENY o] &I F718
SEl golof 83, WAFES olop BTk et B Aot Zol |
gol So] Fa HEQ SaAZRE §704Ue Yo HE wAHe
2 AANEE W Z7lot] RANLS 913 SrnadonE uigbdstA| ¢
o 4+ qlou}, o] fUEAYUES] TN BEE Aslof & 31452 TN 5E
of HsiAE mhe AREel AuA| 7] wFEel A naY Wast ok
Figure 3-42(a)oll ¥ HEo|, WAIEL £ §7122 Jejz &4y 77,
9~86.7%0]9 3, NOs -N= 3.8~5.4%F A LElRiCH

olelat WEuE wATHol TUHE ABeiade U] AT URTs

o Aste RE PETAUS sy b ARFA oS glen,
Blag¥4E 9l3t Rsbdel My u edugo] RTHE AAH Ego] o
=4 "ok aay, siZE el Has 9 Ade ABE UL WA
0% ofFold ¥ FAolw, B3] strAAe ARTS 2H 2o wepA

3 Fe2go] ¥& &olX|aL dith

600

ﬁﬁlirate N
500 || O Nitrite N

O Ammonia N

400 || MOrganicN |
300
200 |
100
0 . 1 ‘ , ,

Gr-Oz 0Oz-Gr AlGr Al-Oz AI-Gr-Oz Al-Oz-Gr

N conc. (mg/l)

(a)
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25

20

SO TN
)

G- -G A-G A-C& A-G- Al-Qz-
Qz €

(b)

Figure 3-42. cth3t W-8x2lof 2% (a) AATE A3} (b) SCOD/IN {3}
(Zopd ZAF: Gr, 2&A3} : 0z, dZdelAe] : Al

gh. g4 FHebgel o E 3 YdESE HIL
FerAdS MU o2 vi2Ia g Ao W st AA Y
Aol str&efA] H4EAS YFEtAY O so] COD/NOs H] HElo] w}E F&
A el AHE sl (Figure 3-43 =)
COD/NO; 7} 1 o uff, Axz] el wiE Y$HREE2 iz 2 Aol X2
o]z] ¢to1}, COD/NO; HIZ} F7Hd5 NO; A Zto] F3lstglon], Iatstpd A
2Rt dze] AHeldolM 7] 2~3A17 Fete] No; A zto] o @A slTh

ol WAk Ael ¥ el W EFLE FYY FF, stesAd HR
go] 9lE vl | &dlof A AMEY = g4 71do] FII’E Zej 7]
A3t Zog wickHr}

mhebd A/ QgE] EE AR/ Haseae] AN PHS segdAR
PE YA ARHE AxFolA GUL e VAUS FEHeY AT Y
Moz AEHrh
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—-O———Control
-—&— -Akali
- -B - -H202
a
B
£
p-4
]
[v]
o
4
0 2 4 6 8 10
Time {br)
(a)
T CoT T R 25 I —- -
25 —-0—_Control O— Contlrol
— & - Akali
--A— - Akali - W - -H202
20 ,,::L__.H%CE, J
=) o
3 3
ET E
z i
<
3 o
g2 10 =
5 CODINO; = 2:1
—&
~ oy - R
o i - 2l |
0 2 4 6 8 10
Time (hr) Time {hr)

(b) (c)

Figure 3-43. (a) COD/NOs=1, (b) COD/NOs=1, (c) COD/NO=1 ¢4 ulf AA2] o] ulE
BRI ES vl (O TIRE, A urpl/gze] Az, I AR/ Ae])

nl. )4 gkl ofg siaEAle] A 73 U VA th 7hsY A7

sieAl oA AR E SeXel tiste] Zmbd W el Helol &3t
349 tedon ABY YANSH By J¥HadS dAstAl s
BHo% s4LeA AMAEE TEAC HEUY WY AEE FUsHY

t}. (Figure 3-44 =) 3394 (Figure 3-45)2} AlAl 3l4=(Figure 3-46)E cf
o 7129 YRetsHed HESS FUT F9 stesAENE FHeH
BElAY S £ 29 RENY €AFE uasle steu] A HE(T-N)o
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th3t §71stAY HE(SC0D)8] H&of whE AR A&S FHSICH

Table 3-130] Uehfgixzo]l 7|& gFetadd wEEd T4 35,
SCOD:T-N "] 120:50, 200:50, 240:50, 300:502% ZH7IAAE 3¢,
SCOD:T-N H]&o] Z71e43 WA FE I 23.5%004 55.6%2 F7staict. it
H, gAY 4 gAY FYT F9, SCOD:T-N H|&o] 718
2 YAAEE 14.3%0] A 51,12 F 75ttt

RE ZAN FE5F2 NHNZF ALY AEEA Yol AAFEES 100%0]
A5t o, NOs-Ne| A ARELS SCOD/T-N7} F7M88 F7tste 4
Ut wabd, degEA BAdS 7IE YEEAYd RBrh gEf o] tik
o]}, 7]& EErAYAIE] 90% oy £F YHEESE Ushlo] V& F

HolA o] o EEtA%el Mgt tAY + & ASR IUcHHT)

Figure 3-44, siz}gd o2 3e 27121 BAES 9131 pilot scale 28
AP A
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500
©Oln-McOH SCOD:T-N=200:50 SCOD:T-N=240:5( SCOD:T-N=300:50
A0ut-MeOH o
W @ mest
o]
AOutsi
~ o (]
5 w0 ”O“.o.o
) SCOD:T-N=120:50 O [e)
2 990
T2 Y e.,g O ]
Set¥e,2e0d 00* O
o9
w [® o O.o %
AﬁA Ap A ahAL uﬁAA“Mn“ Ayadadadd 2
o _AA_AA_@_M!_AQA_A_._A_‘_A_A_AM

[} 5 10 15 20 25 30 35 % 45 50
Time (day)

(a)

%0 T
!
%0 L4 !
. :
npoe ° (YT ol *
A . ° . o
:w“OAAAAm“’g...". AP
EX)
£ 0 0c0% ©
£ AAQ AA A O
30
0 AA A A [N
10
0
0 5 W 15 20 pil 30 35 0 45 50
“Time (day)
80
g
» e o o
o o
®
0% o @ 8 ® ®
» ° o ® o
S OOOo 5.......30 PO, P
Y o < (o)
£ o 7 o
7 4 R
é O [om-MeOH (e}
n A 0ut-MeOH
20 ®n-Si
v AOut-8
AQuis!
20 aarsana 2
0 L AL RN AR ARAMGALA s kk dl AN
0 5 10 15 20 25 30 35 4 45 50
Time {(day)

(c)

60
A ©In-MeOH
AdAA,
50 A ‘A AOut-MeOil
A A
AATA N " oSl

g A Al AAAﬂ‘“ daiaa, Al AQuisl
g A A A
sl o TN A gaaata
¢ A s

) A BAANNBAN

DA
10
o 98080800 600000098002000500000%06 BedeBeece 0

Time (day)

Figure 3-45. Y55 018 wd3 FE2 A=A Al A
BT YAk 54 gz detadzy] fYed fETlM
(a)COD, (b)T-N, (c)NH3-N & (d)NOs-N ‘== 3}
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Table 3-13. WgHE2} 3|

e o8

AEY d2dag v

SCOD: T-N
120:50 200:50 240:50 300:50
Carbon source
methanol 23.5 24.6 33.2 55.6
sludge 14.3 22.6 31.5 51.1

uje] MLE 423}
R B v B

AlA] S ez slo] COD:T-NH|E 170:648 318
Figure 3-460] Uehlglth. Figure 3-459] g4
o]-&3ld& A9 A ©ANSEAYE Ul HgRE S

HHTEO] 40.8%, FAZHEH H5H LY

o| &3l & wi= 33.6%°] YAESESE UEhiort

(e

He S
2
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© o0 flaouts . e
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Figure 3-46. A 3t+& o
AEA gAdnkg B4 merRet Iertad e FYa

(a)COD, (b)T-N, (c)NHs-N W (d)NO3-N HE=¥3}

oo
%
&
©
44
ko
o
fd
k1
R
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>
nk

AEE D
Z40A 2]
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A 33 A olg iVl ERNE Rl Aile

1. Adwgy 4 A=

(1) 7124te] AQ 9 x4 Az, @ S99 27}

F1EALS HolA-E =T} 90% o] 4] ZoE A& ke IHAE UEE AutH
3 e AEF(4EIIEToL, sC-001)& A&ttt EZ B RS &35l 9
3to] ARE3E A R oL Bt 10% (FIM))E Fsigict
HIAb ZAlo] AFR3E F|EARR AL 10x AL AE o] &3l FEA BT 55F
A zste] Atgstch. ZFIAE AR fst AMEH dEEES 716
(44471 E3|o}, LVCT-5209)ofl A HE] &wstalom, 25~30%2] ¢4to] 302 &
H=xste] Ao AL-gstalct.

JEA fdg rjaog g Wad 2= 229 “Co source (AECL
IR-79, Canada)& o|-&3te] 2ol Fgstgdom, o uf “Co sourced] %
A5 7.4x10"° Baol Gl WAt Zale] AMER JIEA AlRE 105 2AHE
Ao A3 Azl F 125 ol FejFo] E¥H AEE &Hs] A2 A
Holl Abgstadth. RAF A ZhE 84 Tho] QlaL, RAMEZ 10~100 kGyo] 3lTh.

e

tjRr# BiR] (tryptic soy broth, TSB)E 3I#-3F 125 ml f-2|¥o] 7| EAL &
Ag PAFY FUY F NaOHE pHE T2 2AIG5L, ol& A2IUdERT
2 "dFHestgrt. E=8 ofAF (Hach Co. )& TSBollA] 24A|2F Hob ujodst &
1008) 3]A3te] o] YRS WFAe|H J|Eat U TSBoll FU¥ &2 FYsH
931, o] 37°TolA o 50A1ZHEqt vt A FUIH o ARE 223 iy
T FA R FHMGE diRE FAGAEs BrAHAA HE&H 22 4
upid ZAF 0~100 kGy, 71EAF % 0~5,000 mg/Lo| Tt

o4 SRS A Ee Al A o2 Shala, Adel AHgR A&
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EARE A AAolA vz A4 HEL AAY H AFLE == Jd
((F) 47g71E3o}, CT-001)& ARt en, o]9] /32 Table 3-149} Ut}

Table 3-14. A o) Al&3t F[v1e] 34

¥ = el s 2 Ay
s - LIRS
d = - Flake T. F. 1. ¥
HotAH T (%) - - colloid F A
3= (ops) 500 <13 ) OE;r's:ol?i{Xi&flsd a:,;‘,i_oﬁ(]:
T = (%) 10 o]3} 7.6 Kett Aol XA
. A2 330y
3 & (%) 1.5 o]3} 1.03 (600C. 54171
a4 (%) 7 o]3} 6.15 Kjeldhal 3
¥l 4 (ppm) 2 o]3} N. D. Ag-DDC
e (ppm) 2 o3} TRC Dithizone

Rl 2Ry FFIARNE AZRse WYL Figure 3-470] =3 3to] UE}
vgdch slRleg2RE FFIANE Hz2st7] 98t $2d 718l 200 g& 1 Lo

20% HClol 30REQ AABHUL, ol HHLE Wb zmabstgch. =Y =
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I =)
|

| 3= (29-30% HCL, 308)

|

| Ak A

|

| A§3) (B0T)

|
| =" &% aAzD

|
|

—

IS I SN R SUNN R SU R SR R e e

| & 2

| Z % 5 ®
|

l Al =
|

L A F A =
|

l A z

Figure 3-47. SF3AM AX 3.

X EA W3l GPC (Gel Permeation Chromatography)& 0]%‘6‘}911:]-.

gaF ZAlddays BragelA 27| tiZdd4E desoxycholate agar HIAE
AHget gt ges ERstga, 37CHA o 50A1T BT wMigstEAM F
Alg o AF SR 640 ol A FHE H3IE FA (Varian Model Cary 50

Conc)dto] wtetatgion], ZFAA ke AFFHe E3tof FFstiich

(1) 71EAL Al &H]
AP B BAMATHY 1E9 Port AEEG O, el WA
2 1.47 X 1017 Bq (= 400,000 Ci)olgct. Ao AME-H 42 0, 2, 10,



50, 120 kGyolglem, 2zt x| &+ 55 mL 'Bojl headspace §lo] RAEQct 7|%E
A AlRE ZbzE 1 go] B F|EANP-CIS), 4% £3)A F|EANS-CTS, pH 4.5),
12233 4% ZZolT F|EAHC-CTS, pH 5.5) olglem, WAt ZAL 2o 0.2}
NO 7FAR Z54(40 nL)E 23} A]7 F 15 nl] 7| EAF X[ Fe} £33, 55 ol
#o] headspaceglo] xH¢]Z Tt (Table 3-15 FX)

Table 3-15. THYRE E2ld 4ake] 7|BAL 2APIR TH7EA Fiel ol A3z

Saturation Irradiation dose S-CTS P-CTS C-CTS
Gases (kGy)
0 1 7 13
02 50 2 8 1
120 3 9 15
0 4 10 16
N0 50 5 11 17
120 6 12 18
(2) FHEAL 93t YA ZAH F|EALS] A7
WA ZATE A RO

oA} 22} 0.9 wL 23} 1 N NaCH 0.2 nlLE wojom
nLE #|5lo] INSH O T B ZSAH 3L KoCra07/HeS04 Y

Table 3-16. TLC &4 %2

Silica gel 60 plates Merck KgaA, Darmstadt, Germany

Devel d n-pr 1: ethyl tate:
?pe p.opano ylacetate 6:3:3:1 v/v
ammonia water: water

0. 2% Ninhydrin dissolved with

Spraying reagent 99% ethanol
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Ao

SIH AEX #BYdo] 7| BAE 1T o]ghs A& HPLCE o] -&35to] Felst
dr}t. AFR-¥H ZH-2 Carbohydrate (3.9 x 300 mm)o]gd o] o]FAr2 CHCN2}
HoO (70:30)0] AR2Elgitt. ARE-¥ H&7]&= Refractive Index (RI)o]jm H3k&

1.0 ml/mino] AT}

oy

7t. 2x4% 2 238 Az
71 EAL 2ArgAde] HA W FAREE ARAF7] st ZmbdE 10~100
kGy® ZAlstelen], Figure 3-48, 49¢] Zimpd =RAleF F7to] whE Al A
A Q Bxigr W3E Zhz Jehdgdch oo &3td 10% 2AhS o &ste] 5% J
EA 98 ARIAUE o AR HAYZ 467 nPa-so]gdont, Ao FU}
3ho]l what AR FAL FA3] H4ste] 20 keyd] ZRAENE F&319E o Al
2o 4L 9.8 wPa - sE A3t ZAo® Uehyoh v tiF-Ee A8
AE 20 kGy o|3}e] ZAlakollA ZWE|QAD, 20 kGy o|de] RAtFolxe & A
ol7} ¢l Zo= uEelxten, 100 kGyE RIS wf AR HAPZ 2.43
wPa - s7}A] Z4st= o2 UElkich
A2 Bxlzre A Zulo] w2 Aol Wiyl RASHA ZAlake] F7t
ol whet 2t 2 Uelged, F3YFEA(Mw)o] FEFEAR

23 He
(Mn) BT} 2 Zog 7taste Ao Uelyrh Mret Ma 40 kGyolstel zx}

ol IA 43R 40 Koy o2 AIRoME 2AF HAEE =3
He 202 ueiyth EI MiMnS ZAHFo] F7ide] uiel A A¥Ho=
Zaste 22 g yetded, ol AlRU EAistks 4 A X7 2AL

gro] Z7t3te] whetA] FUT EAR AVHE nijich
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500

400 r

Visconsity (mPa s

100 ¢

9.80 6.28 467 270 243

0 20 40 60 80 100
Dose (kGy)

Figure 3-48. ZAH Z7toll whe Faus),

60000 2.5

50000

40000
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Mn, Mw
Mw/Mn

20000

10000

0 20 40 60 80 100
Dose (kGy)

Figure 3-49, A3 Z7}of ulE B3 S}

b. ddF FHAS 37

1) F43 Z7to] mE tiEd FAAAS

& TSBo| F¢J3le] F1EAF HES 0~1,000 mg/LE =T F

pH 23193, olF 1 - A2 s HF Aelstadet. EF = thE TSBe of
AdS FEst] 24AIZEL A F ol & 1000) HANsI] AFFS 449
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& 383 TSBYl FUFhaL, 37TAA oF 50X 25t ul
Aloj B2 st} Figure 3-502 7|4 FU#E ©e
stele wf wioRxZt Aol wlE iRF FAel o FFF HIHE el
Qlth. ool o&tm 7| EAE FTASHA] ob2 TSBY ZH- wir Al 642 B
T gpFol A Zvistel A Zipele] EEshe UH J|Ede] ¥R
TSBO A= thgde) ZA&=7 AdEH FA% B8 J1BNE USR] 42
TSBol w|3te] A2 Zo= L}E}‘:h:}. E3t JEA BETF B&
o JgAEE Ao uelgon, J|EA FYUIF 600 ng/L ©]%

] wjRAIZ Ujol @A) JAHE R Yelyth ol J|EAte] A

—

gt 3Ze fE 2oz ARHLh

—~—0mg/L
= 100 mg/L
—a— 200 mg/L
- 400 mg/L
e 600 ma/L
~~~~~ 800 mg/L
- 1000 mg/t

ABS

0 10 20 30 40 50
Time (hr)

Figure 3-50. 7|E4t 3 Wzl W2 g S 9As A2

(2) 2N} Z7to] B AE FUYAS
ZipA-& 0~100 kGyE ZAIgH 7| EANS TSBoj 2}z 0~5,000 mg/LE FU3T
= wjep A7 Aol WE TRFe F4& RAIESH, ol Figure 3-51~
5701 Zt2t UiERRgiTh olol &b At T 100 me/LolN thRT FAS
60 Koy olste] ZAlehe ZAlstde wol: AohME ZASH ¥ JIEANE
zqstele much B3P SdelAsel $4dn, s We RARKL 10

kGyol A thRF ZAldzsol 713 943 2o ueigch, ER 80 Koy ol
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o ZAHALS tolt RSt ke JEAE TSRS wrT tAF F4
sl Thi Yolx oz Urhgted, ole
282 BFYo] FAHUY PR RO BT}

S 2 200 mg/LolAE 22} 10, 20 kyE ZAHES o W2} AR
Ge Qs wiuch URE ZAddse]l $4n, 247 40, 60 kyS
ZA51S dols B2} I EAS 2AslgS e ZHAASY FAR A
2 Uehiglon, 7tz 80, 100 koyE ZAIStlE wioli wlZal ZlEAte oig
2 Z40A% B} tha we AE Uehhdch F1EA FUP 400 ng/L o]
Aol e HZA} FIEAe] BAlelzlEo] g $4% RO Ushdow, JE

A 23 400 ng/Lol e EAbRel RE4E tiAE FAAAFel $4sHgch

o

EZE | EAN 2Q8F 600 mg/LoA e ZnpdS RASIA] 92 | EAL Qlsted

< 34
& o AT w71zt ol tiRTEe FAol ¢F3| A=, RAg] W
&4E AF EAYGAIso] $4319901, 60 kGy~100 kGyE H-&313S ulrt
10~40 kGyS 8319 wf i3 F4YAsol ¢ RAeg yehlth 7|
Qlak 1,000 mg/LolAl 0~40 kyE ZABIGS ol thdd F4lo] #d
3 dAEgon, 60~100 kGyS ZAISIES wiol= 600 mg/LE FYUT FLE
t} AT SAdA S0l 43 AL ey, FIEAF FaF0] 5,000 mg/L

d wjes Zalgpol] BAQe] tiRdFE Falol #ds] AAE e A2 Uehilrt

—s— Control
st O KGY
~&— 10 kGy
—— 20 kGy

. |- 40 KGY
—&— 60 kGy
l-—»— 80 kGy
—— 100 kGy

Time (hr)

Figure 3-51. ZA}eF Z7lo] w2 A FAdgA%s (F1EA Y% : 100 mg/L)
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—s— Contro!
- 0 KGy
—+—10 kGy

20 kGy
—~—40 kGy
~e— 60 kGy

- 80 kGy
——100 kGy

o] 10 20 30 40 50
Time (hr)

Figure 3-52. ZAHE F71ol wlE tiRd 34 4%s (1= F4% 200 mg/L)

16
1.4
1.2
—+— Control
1.0 % 0 kGy
—— 10 kGy
2 —— 20 kGy
B L
<08 —— 40 kGy
~o-- B0 kGy
06 80 kGy
04
0.2 r

0.0

Time (hr}

Figure 3-53. ZAlgt Z7lo] o2 A FA94%s (F|1EA U ¢ 400 mg/L)

e~ Control
#»- 0 KGy
—~a— 10 kGy
—— 20 &Gy
+ 40 KGy
—=— 60 kGy
- 80 kGQy
—— 100 kGy

Time (hr)

Figure 3-54. ZAREF Z7lo] mE e A4 9As (7184t FUAF ¢ 600 mg/L)
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/ e -
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Figure 3-55. ZA1 Z7lo whe chadad 34 A% (7184t 4% ¢ 1,000 mg/L)

e
1.2 /
! R

’! +- Control

l & 0 kGy

i «— 10 kGy

| —— 20 kGy

| = 40 kGy

o 60 kGy

- BO kGy
-~— 100 kGy
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/’A ’ V . 7 - o
- *®
00 W =rmmTmITIT Tl u L 2
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Time (hr}

Figure 3-56. ZA[E} ZJlo] w2 3 34]

1.6
1.4
. .
1.2 T
f
/ — .
{! <+ - Control
10 i « 0 kGy
{ « 10 KGy
4 ! 20 kGy
i
208 / —~ 40 kGy
i —= 60 kGy
| - 80 kGy
i
e | =100 kGy
i
0.4 /
' [
0.2 /
j
A
e
0.0 S 9L gy 2 e am e e _ B
[ 10 20 30 40 50
Time (hn)

Figure 3-57. ZARg} Z7lof w2 @< 3419 4ls (F1EA FU% ¢ 5,000 mg/L)
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71¥1 100 goll BEHAEA 25 % HAHE 500 we F7lste] 30 T HAAA
71819 4t £2HG Azt Az A =golo] CovoRHE U
3t ZmbdE 10, 50, 100 kGy2 zAlstglen, A3 W AXAFE Tt £
o gele] FFIAUE P, ol FAE Ao, HPLCE o] &3t
TEE FRYEHN FFIAY YRS FFsHrt. A3 Table 3-173
Figure 3-580] 2 A¥o] AH&H 7RIS FA chgt SFIAM FZFAo of
gt efd A2 Astste] vEeRbgiTh

ojof ozt FFIAAIUL 4 ZARFo]l F/He uwiel Frbshe Ze=E U
Eiston, Wabd ZAEE 22 0, 10, 50, 100 kGyE ZAPsHEE W A=

ZEIAY o2 7tz 0.0, 20.1, 34.8, 44.4%%0 R =E FriEelt),

_&
%)
(o4
x

[n]

lo

Table 3-17. WA AL widlol] ulE FFIARL] AYH
ZatA| Al ZAF(KGy) |2 FIAN A3 wH(%)
29% &4k, 500 ml 0 0.0
10 20.1
25% QA 500 ml 50 34.8
100 44 4 |
50 10.4%
40 | 34.396
N ;
EEH 30
X0 20.1%
0 20} AT
10}
N2
'3 10 50 100
XA kGY)

Figure 3-58. Abd Al #Hite] & ZF3IA M BT w3t
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3. WApdo g FEALTHY AENLAIY 345

Figure 3-60014 LR uish ol 1, 488 ApdE ZAM71A b 718
24 NaOHE Y& o BAel Ui A4E HUD, zadel ¥4 U
B AA Uit e ¢ 4 Uk mebd bkl 2apdFel $24F B
2580 B& PYHOE & 4 AUtk TH Table 319004 Ltehd wiet 2
o 550 molA %3H $EEL 4% SCIS7H 718 wokom, 2Abd3

P4
e}
Rha3E E BTy npRslA R s-CTs7h A Egken, 2a

Bhabd ZAMA] A e o - HIE SR ECEE A3 2i

B utSo] EA TiRAY Alste] Hols) gelad 84 £E&& wole A&

& 4 gith HEEARIE NO EB2Hs 00 uhZRAE et - HY RHESt 7

3t 2t} gt del - OHE whEe] &2 g Ho F4rh

TLC #hdoll o3t 3w ZAAF} Figure 3-610] UEehd Z3 Zo] AE
>

2,3,5, 223 6olA &2 HUY +5EEFS Rt INSg} TLOYY 55 ol

.EL

Figure 3-60. *$Abd ZAMF NaOHE H7Iste] HAAIR A4
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Table 3-19. WAMART} AR ZH7ILY FRel W BUTe $58
Saturation Gases | Irradiation dose (kGy) S-CTS P-CTS C-CTS
0 0 0 0
0, 50 7.84 0 0.98
120 26,41 0 2.05
0 0 0 0
N0 50 12.2 0 1.05
120 27.68 0 2.46

Table 3-20. YAHA=T H/HH BAstae SRl UlE D4R 458

Saturation Gases | Irradiation dose (kGy) S-CTS P-CTS C-CTS
0 0 0 0

0, 50 1.28 0 0.22

120 4,61 0 0.5
0 0 0 0

N20 50 3.87 0 0.25

120 4.7 0 0.55

S8 23 5 6

S-214 151718

Figure 3-61. J|E4lo 22X E dolzl T wte] TLC B4z

Figure 3-62.

PAREAE T B ZRE @olh F| B 2R

HPLCEA 4 2}
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Uehlel HAZS o4k oy EAAE 4 ot oy o

S
=
HEEo 42Y 4 U2 HolFdrh

strgexe EHuEA] g 2 B9 oA Wl JHEE RTl=ol
Z7tslel Eucte] nAE BEEE FUlsidcrh. EH] S480] =€k
AQAZtE HARE ZAY A 3 2ol wEEHYch =Y
stegeAE Hulst o of Apde Ak 2ABE e B9l
jste] Arido® &2 dolx4E Urhfo] AR zAl] o3 54X
1 Elu3 Ego| FAH A Flsiyrh EHuid 60d Fo dEEEY
HaE M EEAY AP B A sHFe =¥ 3F A4l A
BN 712 olste] ¢EY £XE vehf abd 2ap W BzA] Tt

uhE daEue] AldT2S UeEhtA] datth

ofy et

=}

. kAl ogt arFAle B3 Cefaclord] Z-9- 0.8 kGy ZAIE wf 24
B3] =lgon, Oxytetracyclined] 7% 1 kGy ZRAIS wf 90% o]t &3l
ot EY THNAE ARSSIA] kS wl Cefaclors 100 kGyZAFA]
90% o]Ato], Oxytetracyline?] 7Z-9 40 kGyolA ¢F 27% o|Ate] F7|3}7t
ok b, opdE AL JtAE H/MEAM FAAI F Aukd RAE
5l A9l Cefaclori= 20 kGy, Oxytetracyline:= 30 kGy o]AtolA] 100%
ol 7I7ke 713 HE&E& BoFo] Wzt 237tE H& Aert FLA
A Aol ¥ FHUE FAUsITh

C oAb e, gzl Hel, eEAee 2 o3 APl wE &

_91_



7122 shg3tel QEIE ol&IsAE HAY Az [FE-PA -2
2] 24 2] SCOD/TCOD7} 34, 4%, BODs7} 1,940 mg/12 7Hy QA YHL
2 Felgglth. I YAAE o] g3l ¥ A FE RIS
Ql HErE S o] &3 WA FRY pnsA AHANEE &9
J1Z 9% ElAYriy] 90% ol4 &9 ¥WARLES Ueh, 7[E FFA

Agete o RElAA HEREY] YAl s S Felstgoh

24 goo] JEA BES E SHAE ©l 20 kyE ZARIYE o AR
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Hal = R Al o, 2RI AL A SIS
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L stesdn N4 RE 54 3 n4E 97 54 39
AQY, sheAE 2HE wAE 4718 RREYS FEsAD, P
e 10 Koy ol3te] ABeE Zakst] &dA U UNAF 2 P
99% ol Al@she 71%E FHROEA BEE WYsch
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ABGHOE AT ABES FYOE s Bh AY §
Ag WS ol g3tel BEAOE A stelom RejiEe 54
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6. S ANZRY Bad P45 BT B AU
WA, 34, U, 0F9) BEAY W HPAU] gsiel BT W
A98 TESHEA A GANLE AEIHE &S AUBLEA BEE

7. A E2FE 1A B4 Ve

AEZIEL AR i $RE Y W JIBAN Expg ARTeS
Augezd AFeries MUstdi, 7I&7e oy SFIAM(44%,
100 kGy)2 71 EAE 2|l (27%, 120 kGy)S] +55S FHAZLE2H &
®E dAstolrh

4
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dx2] &F 1E ol st Axpd AHs ZAPRA e} ZAMIE A}
T g AAEE HA/AE 9 da/gddesy BRE syt

9. 04REH AFAH PF
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SUMMARY

I. Title

Biological characteristics of sewage sludge irradiation by 3¥-ray and
evaluation of the efficiency of drying/incineration and composting of irradiated

sludge.

M. Objective and Necessity of Research and

Development

The most crucial problem in composting of sewage sludge is that it
requires more than 60 days in producing matured compost. In order to use
sludge compost as soil amendments or landfill cover materials in the future,
the development of a technology to efficiently mature sludge compost in a
short period of time is definitely needed. In this research, cell disintegration
by electron beam irradiation and its excellent sterilizing power was used to
improve the degradation rate of sewage sludge. By sterilizing pathogenic
microorganisms in the sewage sludge, attempts were made to mature sludge
in a short period of time. Meanwhile as a part of recycling waste resources,

the feasibility of using star fish as a dewatering aid was evaluated.

M. Content and Scope of Research and Development

1. This study was performed to assess the effect of irradiation on the
physico-chemical characteristics and anaerobic biodegradability of sewage

sludge.

2. The efficiency of drying/incineration after the irradiation of sewage
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sludge or after the treatment with a dewatering agent and its feasibility was

evaluated.

3. The composting effect after the irradiation of sewage sludge or after the
treatment with a dewatering agent was observed. In this process, a lab scale

composting reactor was operated.

IV. Results of Research and Development

Biological characteristics of sewage sludge irradiation by y-ray and The
effect of sewage sludge irradiation and addition of star fish as a dewatering
agent on the efficiency of drying/incineration and composting was

investigated.

1. Results Indicated that when wasted activated sludge(WAS) and thickened
sludge(T-S) were irradiated, the solubilization rates of soluble COD, soluble
protein and carbohydrate were significantly greater than those of the raw
sludges without irradiation. Relatively high solubilization rates of WAS and
T-S were achieved at irradiation even less than 3 kGy(kJ/kg).

2. The ultimate anaerobic biodegradability of WAS irradiated by gamma ray
and electron beam were each 51% and 69% which corresponds to 8~20%

greater than those of the raw sludges.

3. Approximately 70~81% of the biodegradable substrate in the electron
beamn irradiated WAS was degraded within 16~22 days with the first order
decay rate coefficients, ki that ranged 0.206~0.342 day™’. In case of the
biodegradable substrate in the gamma irradiated WAS, approximately 83%
was degraded within 11 days with ki of 0.143~0164 day .

4. The efficiency of irradiation and addition of a dewatering agent on

drying/incineration and composting was evaluated. The heating value of 4
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types of sludge cakes was less than 500 kcal/kg. Therefore, incineration for

sludge cakes tested seems unrealistic.

5. The feasibility of 4 types of sludge cake as landfill cover material were
evaluated. The detected heavy metal content of all compost pile was under
the guide line for soil conditioner. Therefore, it is considered that these

sludge cakes can be used as landfill cover material.

6. As the result of basic characteristic analysis of the 4 types of sludge
cake, the water content was 71~81% and C/N Ratio was approximately
under 20. Therefore, the composting with sewage sludge cake is considered to
be inefficient and the addition of high biodegradable plant biomass, such as

sorghum as a bulking agent is required.

7. Sorghum as a bulking agent was added to the 4 types of sludge cake
and composting was proceeded. In the case of EB sludge cake and EB-SF
sludge cake compost pile, over 60C rose within 3 days. Comparing to the
control sludge cake compost pile which was not irradiated nor added with a
dewatering agent, EB sludge cake and EB-SF sludge cake compost pile

continued to maintain a high temperature for 2~3 days more.

8. The mature rate of compost during composting was evaluated by (Final
C/N Ratio)/(Initial C/N Ratio). In the case of the control sludge cake compost
pile, the required time to reach the range of the criteria of the mature rate of
compost, which is 0.75, was 10 days. On the other hand, in the cake of SF
sludge cake, EB sludge cake, and EB-SF sludge cake compost pile, it
required 7 days. By irradiating sewage sludge or by addition of a dewatering

aid, it is considered that an improvement in mature rate will be achieved.
9. After 60 days of the start of composting of the 4 types of sludge cake,

the G.I. value was estimated by using chinese cabbage and lettuce seeds.

The G.I. values of EB sludge cake and EB-SF sludge cake compost pile were
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over 80, indicating a safety level in plant growth.

10. After 60 days of the start of composting of the 4 types of sludge cake,
its feasibility as a byproduct fertilizer was evaluated by characteristic
analysis. According to the Ministry of Agriculture’s Fair Standards of

Compost, showed favorable values under the standard level of all provisions.

V. Plan for Applying Research Result

Irradiation of sewage sludge can enhance the solubilization rate of organic
material by cell disintegration of sludge. Moreover, by the sterilization of
pathogenic microorganisms in the sludge, environmentally safe and fast
composting technology can be guaranteed. Using star fish as a dewatering
aid can improve the rate of waste resource recycling. By this measure, it is
considered that the enormous amount of expenses spent on dewatering aids is

to be reduced.
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E 1 A3l mE streA TAE v

R Contact
- 1st Activated  Extended Oxidation o
Classification Total T Sludge Aeration Ditch RBC Ox(u):atl A2/0 SBR etc
Wastewater Treatment 231 1 9% 19 12 27 7 10 18 2
Plant(ea)

Treatment Capacity o 419115 95069 4,833.603 16,682 48,483 26,317 2,557 701,471 16,675 678,260
(1000 Ton/day)

s'”d(g?reo:/r;’eda‘;)m’” 2066.473 20571 1,721,844 4308 17,915 4565 331 228,068 5627 263,244

Sludge Production per
Ton of Influent 0.035 0.022 0.036 0.024 0.037 0.017 0.013 0.033 0.034 0.039

Wastewater(%)

(745, 2004)

s e AEAR $F, 14 2 ADTH L T 200 ek v
o o] S B A §E 200398 7| FOR JF 2698840, 2%
o] 30111902 714 Tu, ATEL 206669o% 71 AWe Ao By Hi 9l
o e ARE(AEA R, HEsl Hus, sS4l B$ A
H71Ze) A0zt ol 5ol tlg FHw, FeAgu ooz A%
9z 2E4e 298 5 2o BARS WEST Aok Tl e =)
o A% whgst SPFoIY deA Ly
Aej g3 soHe) A BB H5E

2l
AARo|nz AL F e e ARHeE HET 7 U=

-IN

o] wilg- AlEd AAoln.
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X 2 s AY AR By g HHF 2 HE
Year Items Total Landfill Dumping Reuse Incineration etc.
A“fﬁ“gugngr?gem 18959 2335 13842 1193 1384 205
(9% of Total) (100) (12.3) (73.0) (6.3) (7.3) (1.D
2001 Treatment Cost
(x10°Won) 46,791 4745 34,343 2,459 4875 369
Cost per Ton
(Won/ton) 24,680 20,321 24,811 20615 35,213 18,025
A‘I{’%ugn?‘}ag;em 2,071 254 1471 107 200 39
(9% of Total) (100) (12.3) (71.0) (5.0) 9.7 (2.0
2002 Treatment Cost
(x10°Won) 53,655 4,554 38,388 2,462 6,570 1,681
Cost per Ton
(Won/ton) 25,906 19616 25,747 23,863 31,956 43,010
A“{)I‘Enrgu;’;ngr%aggfm 2,266 109 1471 152 279 100
(% of Total) (100) (4.8) (71.7) 6.7) (12.3) (4.4)
2003 Treatment Cost
(x10°Won) 61,161 2,658 42,230 3,137 8,417 4,719
Cost per Ton
(Won/ton) 26,988 24286 25,975 20,666 30,111 31,463

(374 7, 2004)

2. 2L 71€9 A8.A

OH
o2
flo
&
o
2
°
o

&P A Y He R AR ol §H e T 2
W oHket ol HEAEHN J)eel) wEt wF, 43 V|AEFY 2] FHIE
2xoz st Az Axst HEAESE st A28 A B
QA7) e Hu3, a2, &4, 13T THAUZZAL, 2L

A HAEHs HFAES UH EE Xﬂol%o}- AR ZRAZE FEZ F
}

£ 2 N

ik
of
ol

Convention)7}g 2.2 o8] wWjPolut 3% F7] 59 dexgywae g5 4z
oli} 13}, &§ F BAAAS st ARt WFORE dod Ao oY
Hu AA7AAE Tyl A ucte] ntEso] A ¥ dAolth o AHE

- 126 -



sold 2E = sAANE SALAI
Ao %*E DHE'II_J EEXHE AE

MAG AIE S22 DEXNCIZ HEX
=EEM, A4 ALI ’\"EIH xXI HEHZ ALE

0l

JEXONER, AHERZ, ABRS2E A

A2AMM = S, HE, NUE, HHES A=
7“\*"7}&_] "*EXH E /\}90}31 Lt []Ha'I‘iBI

P Z ALBOIHLE, BES M, =52 M=
ABSOZ AIE

HFEI|

a9 2. A5seAe AEAR WY

EAQ FHOR RS 7|E skrA Ae s
T 9tk 20039 72 Ay FAZA olF AAEHE &R AR e dFE 23
%28 AA8A &3 gle FA0Y, £V dF THE Ao VL2
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AA71HE AFANRLER 30~40%S 1HES FFAZL F dve oM £
o FrPdxste] Fe4e BN E ¢ 8 Rtk

2 Wzan Ik Z, FA¥PATA e dATH S, G HUF g, 2
2 2 £4 2w, £

do
iy
jinsd
_El,
r o
it
i
o,
N
"
A
=
N
g
[»
ok
ol
B
iy

Fyjo] FA oA Fong I Adho] AEe] 7
th=d] 7]t}

&
§2_

4e 47 A}%rg

io

dredAe 44 f718S OF stz FEEF 27] Wil A7t 7
OEX T gV EXNNEA, A4 So2o AdEo] M. 20043 7IE
F shred e ol gulee AA TATY 67%2 Az 152000 Eo2 3

Fl

2E AARRYZ Aol &ste Aol AA Aol &Fe] 198%2 /M =2 HES AA
dta 9la B W EL - wujgk Aot} strEEAE Huldtsto| A&-Eohs

o
a2
rlo
rBL
:l:‘

EAISHEA A A BAE = U8 B R BB

A RNARAAE F AMIEE 9872 BRHY oY) Wi AAEWIT BER 7F
ey 22 ool ax ok 2y 200008 7€ “frIdLeYe] AE-E&EH
A8 uA"7F AP wel steA PN HAsE FU1E9LUE 2} F4E
F9 AL EXNAHA L P d BEELERY ALEo] B EH glo] F
F o9} BAF S5&eA ABLo] A F7HE Ao mAW

3}

FEEAE T {714 A7 Hustel ol 7 2AE He A

' A f71828 273, BATTE AEAA EAFY EA7 }

97 #& A=Y FEHWE Aﬂf%}btﬂﬁv} 60l el A71te S7dY= A

olth, wetM FF A& F&AA HH £ EA fFA R EEAZ AL

A @ RS @rie €eAE aHHoR FRAE 5 Je Vel siA

ofopit A AE-Ete] & = gk EF SHH 9 EAF] FE3 o
E 939 ZA%E HHE RHon Adsd A4S =ol1A 3
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A9 AdE Y3 AR 2A 7|ES AL A HA Alee 1973d 5
9] Geisebullachol X& AH2ZA Co¥-yAe ol &ste] 2kGye NFog &F
21089 A& ArAg st EX Y 42T F UEF 3 Aol (Lessel,
1984)° =3 AR 9dx}eldF2(Japan Atomic Energy Research Institute, JAERI)
N = Aol yAF AME FAEY A7 & HA FH|slxdE
gtzo] & A9 HuZA S 2~3U7HA] ©@EA T A7FEARE $RET v Y
(JAERI, 1995)”.

£ d7dXE seeAY 2849 AgE Aste] €A A Gray) &
zatetd AW e AT A 23E 9Uete EE AW vAE
g AZEE A2 F YA AX e ZdHo A F71ES 7HESeto] o
718 AzpA] g 71dR o&d  AeAE BT

g Ao 9% AEoF e Hold AdE S o] &std], seeA 23

EE Eoly, A HdAR FAES AR EZN @Y F5A)7
ax APAFEY HASAESE St eH, AAD 24 R ErE2A A

7} f 5ol e sesEA gAela Hulyr o] Al 2:3ske) fU1E R
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e

7} A AL S8 A9 AETSA EA 19

2 d7dAe stredAd agA MEE Astd] <A WAM(y
“ray)$ ZAMStA S{AWe Qe HATe AlE A%E HHEE B <3A
W e BES] AEEs FAAZ F £33 AXdd e - #7188 7F
&3tste] A7 LA FH9 AR o] &E & Y=AE BT o
of £AW FVEY EHAAY 7HEse} VI VeI AN 23RS
Fd SdolA WA AA Y ZA}E 125G Astd WAL A A A

EA Wz 2 g4 423 ddE £4 Frhstden FAA) AFER

o

oAME EHAY WFF B e}
oARY AW F718

OMAA ZA] WHE ol AT Wi
oMM ZA WE AR £

OWAL ZAMAZE g3 2 A9y 1

U Mo g AAEe skegeA aedlelae] dx/4 B ulst 88 37}
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EH 2 ATANE AFEdA AAAE 24T A9 BruzA A

7} f7ol me A 24 % HuHEEs P o2 B Seean 2
#7012 HHlg a9 Be FHe FHARE =551 Full Scale )
3E 99 A0FAL AN A7e) BES Tk FAAY ATFUHEL Be
2.

1) AAA 24 2 GRREA B fF) BE SHFsA GHAol

a9 Azx/4274 & 37t
ohH EEF
() 2ZA A F
(th g BEA AL7M58(EFTS §5437)
(2) AAA 2AF 2 GFREA HV fFd wE dFe A gl
29 &&3 HusE AT Variables H7}
7h AR 2AF FF, @FRzA HoE K50l wE Hu s )
=4ED B A%
(b Hulskd A 4971
- 8 C/N Ratio, Bulking Agent, Air &+ %, pH, Temp,
INT Test
(th) EHlsA=(CEaEH 9 4

H) 2 512 4% 4= 37}

M
M

2. 7] &3}

R NEENESERIE EL LR

¥ ATE PAMGray) 2ATHE BYse] HreAe dgstsh

Baio] gl 7bg 2a® 949 BURGR 54 wse SN f7129
YT 4TS FW AR 2P TG

B A7 Anelq uehd weh 2ol dreeAd WAH dxdE & 3

oA B4R eEWAR SEA e A
ago] FobAlw, 287]7be] Fobol W Brlze] £&A £l o]
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ANzre]l ©5d AS A FFITLA

Heg A2 FES g JE FreAg FAE2H7 5 71E #7114 ¥
NE3e Ed43TAHL AFHoR EYT 5 v AV viEE Aol
T3 23589 FAL Z ogEAge Fol 2 ATHENG A FFs
o AAgng Jduxgozde A 843 tEo] A HYulds BH

H=l
1 r

o] ol stEHA Ae] AAA T zAbE SHAW EFHA US
Bacteria, Virus, Parasite5< &E#Z 02 AMHAIA £ 4 Yt} gty oz #He
F& 4A AEANNAY &L FEAA 2L FEsle Viruss —‘?—%i}/\]ﬂﬂ
M 2~bkGyd AFHEA7 Adstn, HAEAE F4 S, Eggse
AAAAS AT 10kGy tEe) Mo] Dag Ao ﬁ_j’_ﬂ—) gt} auz
Fhll A HALA R ARIIENE o] & SEle HFEWYe] Pilot R £ 4
FAA ol gHm or dFFFAeF A FETH EUA 7I2AE
2 488 5 IS AR mHeln.

r

tilo

. uabd o g AR @ shrEEA grAelas] Ax/47 2 gt £& W7t

Fesa o AL At "AE & B £2A sH8E 9 7
AE AR ot HulE 717 2 58S 9SAE F AS Aoy e A
o) Hulstel] Al Aztol @39 A4S, A HZFRo g2 49 g8
A2 AP F & FHolth. g+ FAS ALL3 Star Fishel 7Mbb &<
2 EHHg 282 3 AL FF o9 F&U5AH = FdE 5 3= A7
7y vEE Ao

31 2=

=

A ZAE B3 AEWes f29 A% dx/a7d 9 =HHgE £33 A
&

718 &3 Ve 7E &5

T ‘TQ]-
W3 £e el 283 F Utk EY, AAY 2Ae A
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B9 AMEE vj$ aRHeng dHHoZ tAE &R Hu
7ol & Aolth

2) 183 Frd steeA HuEggor A9 A4gE 4A
sto] g 3 Este ads dd

(3) AxHEE DEAS] Hu A 0~40%0) HEARS AAL &
stk

4) H71AEHoloF & Star Fishe zAt&o2 QA3 de ALE&S
=Y T 33, eFREAd 2old Hi Hge] AZE & Y& A2
2 Bt

(5) A, sHAAE strEdA HusE f8 FEE 7E
Ard FAHo) AFHoz LAt S

g HHlstE A TEIHEN AWML 3
HA QG ot MEL THE AFS Hg

e},
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H 2 & ol2H Hi4

A1d F5E4A49 54

A EHE SIFEAYFTAY 13 AAA A LA 12 A
(Primary sludge, PS), A&%d H3FGor ZAHE 23R (Waste
activated sludge, WAS), 7|4 433 AdA FA3= 423+ 2 X (Digested

sludge, D-S) 283 1x&8 A9 2x&A 7l £33t 553 &8AE o S
# %] (Thickened sludge, T-S) Sol ot Zzte] &2 HAF P FHHAELE

% 30] bl vish 2ol Ao met 4T Aolg molm Yon, 14
Ax setd 74, 271RE, B4 54 Fol BE g wAs2 THH
= W oA g A WA WA ERoz TN dE F TANAEE
Aols YehlE gtk 1A&dAY Sstd T4 Aol Soler A
240 A% 2A FFL wowl, gl AR MaY Sold §71BR FAI
of i Aoz YAA ATk WY, 574 AR PPEL Xt AL

Ao AgE E7uE el AERoz A8 AERst foldhA) Fom,
sl AR Azte] At Ao w1 Hu dok B LA IABL &

2 gz g3, F2 A5A (Hydrophilic)o) B2 5% 2 @7} £ol31A &
_]

>

e ¥ o

o

E 3. 22X s AdAe &8A ZHd w2 FA b

Sludge £ Produgtion Total Solids Nitrogen Phosphorus Potassium VS
(£ feapita/d) (TS, %) (% TS) (% TS) (% TS) (% T9)
Raw PS 0.92-2.20 2-8 1.5-5.0 0.6-2.8 <1.0 60-80
Digested PS 0.25-054 6-10 4.0-45 0.3-15 0.2-0.3 -
Raw WAS 1.40-7.31 05-15 3.0-10.0 1.0-7.0 0.10-0.86 61-83
Raw PS+WAS 1.80~2.80 3-6 4.0-6.0 1.0-1.2 - -
Digested PS+WAS 0.60-1.02 2-12 1.0-6.0 05-5.7 4.0 35-50

IWA, 2001)°
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A2A =9 A Ak

>

THAANY e A HFTALEHS X 4o JEld wie} o] mZEA
ol-&, Wd, &7, NIFF7], AVIEXNEFY TEAE 2L A5 2 Y
Hu olF ZEA o]&e] 40%E 7 HAEWHEST MY =L HE&E AAsn
A AEFF7= FFTAA IR B vk Jdoy, dAE YT AE
sAEJeH, 2749 HFAolg B Vg Ao|getor HEAHT k. o1
o A4, AEZIE 2 Y, EGRAC dEjME =Zo0d, Add2 Sx39 7
A7 dAH YR FEIAFED)S 74 24539 A7EBE 7L EWE 8o
oz #epddg AAEZ gd 2 F Mg Fed XA “Waste Basis
Directive” 24 stE2 x| ¢} Zo] 543 H7|E8L o] #4384 waA Ag. s
FedAd dol M Fod BARFL FFEYA I FAAY AXHYS
W £ 2dS WA87] 93 Directive 86/2782 4 1 LH < o Zr.

N

A, B% % AU FREEES EFOR 4¢Hs A A% FFS
o] oli= AISE FI5ojoF Hr

A, w4A N AU H7 Al A BELH Hy 3z A, 52 @

Aedg oA FEbsAn A% fAde 4TY

M
"
o
2
o
£

AA, SA= & A 2T JFEE ndst] Ao of Fr},

A, E43 A% 2 AstFES AAIFIA ol g,

£

ol g9l ZlEHde HER Frjeol} 42870 HoE Forage Crop5ols K
A3 At dom ESF A Haled At obAF 5L F3o)A

[e2]

i= 1S
dA7IER EAFYe] FAHE § dEHQA FARGE Ao DA F5H
e}
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A $3elA Y stredA AEH B Unit(10° ton/yr)

Country Production ap;fllia(l:g(éion Landfill Incineration gﬁﬁ?g Surf:ﬁz (gitsc?osal
Austria 170 30.6 595 57.8 - 221
Belgium 59.2 17.2 325 89 - 0.6
Denmark 170.3 92 34.0 40.9 - 3.4
France 865.4 502 2335 130 - -
Germany 2681.2 724 1448 375.2 - 134
UK 1107 488 88.6 774 322 121
Greece 482 4.8 43.4 - - -
Ireland 36.7 44 16.6 - 12.8 2.9
Luxembourg 8 1 7 - - 81.6
Netherlands 335 87 171 10 - -
Norway 95 53.2 418 - - 67
Portugal 25 2.9 7.3 - 05 145
Spain 350 175 1225 175 35 -
Sweden 200 80 120 - - -

Source : IWA, 2001

weAdo] & 3tEs A H, olE
29 AeAA HAAEL FAS 295 HAA4AHol(Radiolytic conversion)E

dog)A et o3 &S vigoR HA, JAY Ee aFEEANY At
LA o] o] gtoh Hy B Wi WAA e 2rd e 19503

A&, 19603 dele 7% L9EH ] Astster ol§HNeH, ol F
Azt s Aot hx] S&9 7 ST @A A7HL IAY FEsE

e Fotze AES 2 Aas Ad, A5 A, e D wdrtaH

=
|=]
HE

—dt
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g 2831 H9HUE 2 2HdERY A 58 & F vk

AA7NE71E o] &8 AAAZY FHyEAAEL H Aot Voronezh¥ 4 L 5F&
A A5G EA HFHol RN FES] Nekale]l i 2 Adsrs
2AXNA EAAEHIeY, F& HAHF9 HAHEAZ Nekalel Alkyl7] %
Sulfonate”] & AAANA BEA7L 7H5e FHZ AFAN F FEHHTEE
AANR 2N HeEsAde AA FAAZ uk Yrh(Kabakchi et al, 1995)°. £
FEFHA G715 oF dastn e AA o 8kGyd A#FHE &AM CODE
i BODE F7/M71e 5 ARIEE E=oli SA4S ZFAANA ATy 3
a7 FANZ AFAEE AHWang et al, 1994)”. o] & At 2 A EF
o] B3 ATFE BIAE FFgEY BIHE WES FUIELASTEY A
AEHdod, H=dgdE 2 945, ZIELSPVAAYSAE HE&H2
th(Nikola et al, 1993)%. W] Z¢= A F) YETH ﬂﬂali*i A2t
ZAE A AETAH U vAEY BFET wolA L T A
(HRT)OME =2 AALES 24T & A= ﬁ?@ﬂr(t%‘%, 1999)
EgE 20029 A o7 GAFwe deAAdel A 7ENE =96t
A 29 AP

W~

o >
e

U ogE ¥ 2
2 o
o)

£

st R Ao gojA AR FAE AW £ H o & Bacteria,

Virus, Parasite5S &34 07 AlEA77] Y& 2 A&HAT} E£3 &A8tE &
YA o] AL 2AE A9 x| wAo] IAE B ol G T

HAel g nRE Aoz BwuH v gltHlessel, 1994).
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] TN o) &FHI o, F 59 Z=9 =8A A
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AR ZALE 23 A7 3RS dEFo v Boston? Deer Island®] 3}
F28%, 599 University of Stuttgart- HohenheimollA o]Fojmom, UL
Takasakirloll 91218 AP AT E A2 AW E HAbsto] HH| 5}
&5 2 Jt&staa s 77 JPE v Aok A AAEE ol 8F d4ed

[e]
E49 AAd B3 AFe x| HahA o] go|Fe FHAM FEI] ATHL
Ao, -‘%‘31 &Y AATIE7)9 Apde] EAs g wet &5 FFedEd9

A= g 4842 5 AS Aoz Jjddn

%5 %7 4 &9 AE A% AAA A

Energy Power of Output

Reference Location Radiation source (MeV)  Activity  (m 3 day)
Boston, USA Electron accelerator
Cleland, (1993) (1976~1980) of ICT type 0.85 50kW  379(4kGy)
Boston, USA Electron accelerator
Cleland, (1993) (1980~ 1990) of ICT type 15 T5kW  654(4kGy)
Charles Miami, USA Electron accelerator
(19%) (1984~ 1985) of ICT type L5 TBRW - 6A8UAKGY)
JAERI Takasaki, Japan Cockcroft-Walton 920 60KW 7.2ton/day
(19%) (1987-) accelerator ' (5kGy)
Minsk,
Vyff;;gfya Byelorussia Elegftr;’fUﬁcel;mor 16-20  30kW  150(5kGy)
(1980s) pe
Forster Birmingham, UK %C Birmingham
(2002) (2002) Radiation Center S00krad

__El__
A3, FeHAS o8 ATE FHUAFATLA o] FAL St AAHAT L0
A 29AR4A9 o Ao 424 208 A ATE AR, 35
Se Aol AP &A}o}ﬂ seA WS §71% 7H85e 3
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A 4 A WA she g

s

WAL 0 2 EE oy 7t A &F5E A9 7] (Excitation) ®£E g
(Ionization)7} €olyvEd, 947l A E& 3&:7‘}‘41«] AZAE 2 dA¢ +3
°ﬂ’ﬂ HEex g B 22 Yz FEZ &l A& Yrdct. BALA

SET AUAE MR YA, 1] Ee I o] AAE ARt A
A ES £ e AY, 2 WS Aol dn o]gd tEe
UAE F4aZoz WE & + dde HAA T8 74 dgnid AbjEHE

12 ¢F 33eVed & Eo] C=C ZA¥o] 7IA+= dUAE 49eVe|EE o]
RAE A% FAFE FHnT FEol Atk APAS AAPTAAR AR
WAld o7 EREHY, XAF yAL ARl £3la, 2 dFoA 83 AAAE
T3t a2, SA™A, &9 1FA, FEARNRXFTE FA &3 WAL
Aol JAE EIFF AEAd =AM A5 WA FE2 =
(Physical stage), 3133  ©A(Chemical stage)®t AETZA dAl(Biological
stage)Z Urol AZE 4 Atk B dale A9 gFdAE "Hojue
ol A Yo 2 HEH AFHH, o|28HAAE Foto] A= AUAE 4A H,
AN LS oy AdaA Hed, o FAAE gl 10 °2~10"27 28
A=

o] ¥

3}8t4 @Al free radical, ion radical 2 97|39 EA50] FAHEHE
S B3 EYAMEY A ¢ 830%7F EE FAEH U7 wWEd
HALA Y R ES B MR wrgdte AR 5T F vk
3} 34 AA Free radicalel 343 5™, Free radicale] AlxWe] 34HDNA)
& B2E =9 32 Jeldt). Ion radical?] & 10 %ec, Free radicals]
& 10%secqEolm, o] HAHL 107°sec ool SrR=HW, o] zo]
Radical3 A A A& A WALdo] Ao dFE "A+ AL 4 & A (indirect
effect)gr i g}t WApA ) ot o] &stA Ao A U2 HArF A AEo] ZHE
A, B ZAFE AR Ol AAH AR AEd  d=d
23 & 3 (Direct effect)2al FTHZE 3). A E AEA A A A5 99
T ukgo] FAld Aoyt Mo x| ¥ of(Linear energy transfer, LET)ol} u}
2 w39 -?—%"47} getx A LETWAMA S ASw h3ukgo] AR, 2
LETHAMA Y] A$& Aol F& o]F& Ao 454 i

ofk

o
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E——
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Aoy B APyt & £ 2AUWE 53T ¢ 4249 vl 1ImT
1= A E keVEHZE UEIH A msled, dukd oz XA yAd, AAA
o A LETHAM(02~1.0 keV/mm)oll &89, $AA4A, FAA, o, #3325
T LETHAMA 02 LETZe] 20~90 keV/moll 2@t WA ZALd] 24
Zo] Wyt yehds Qe g B - 38ty dAld vEe A Ak
a2 s gge WAt ZAF FE~FAZ] Avd Az 3 e
A Aoz #AFT 4 e WA W3t dojum, = FIH
(Permeability)o] ®3tHA, AR EAe) £4o] dojdrh(e] 34 9], 1994)".

[o4
o
(o]

=)

L=,
[e]

o
L

D
==

<)

2

' ACTION
29 3 A7 DNA 72ol that wapdel 4023 A

T E&o 2AME AL g B39 AL agn F9d quxE A

Soty, A9E UAR Qs B 1Y 49} o] AR, WA FriAS

Fgahe BolagEel ABtHElAY o, 1900). E 69149} o] GPAEF Y
Aol e Ge AxUAS WAl G £4, TR ARHALE B F
28 RolAW YFIIEIH) NHES =W HOSS AAAURS 0 I

‘ 3t® A ZH(Hydration
=42t} d (Hydrogen radical, H-) 283 4ttt 2 (Hydroxyl

g

electron, € a4
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radical, OH - )5°] %9 ddS. &2 AAA o&2 + Uk

X 6. B9 WA AGNE

y H OH o) H H:O: Ha OHa

e
¢4
»
o

Gx, (1/100eV)? 2.8 0.6 28 0007 045 075 33 05

Eox, (Volt)” 287 23 19

a) Number of produced or composed molecules per 100eV absorbed energy

b) Values for Ey, for e ,q H and OH correspond to equilibria

A F38 AR e T FAEE WL IZHEET LB EFTHS AT
RE 353 wgAe] 31 A4E dFcke diFEe A 3L &9 A
A #3832 (NO;, NOs, CrOs”, MnOs)# ¥ —8— 301 ad. 71839 eSS4
< WFE APE] WA F HEste A deiA gled, 7t2H 7],
UERY)S B4 the da3te ofF & ATEFe Fieta sl AgEn
= Aol Eoh FadtidH )L AU oFHkEo] FE olF = B4
Bhgg Qo) g FHol2R & uke oM Cd, Zn* 57 WgalA o
et £F CrOf, Cr:07, MnOy, $3% 22 ZitstAste] wrgAdo] o1, {73
FEFE WA FEE AFES TPste] ExFErdTold, 1R X
stg o HEAE wolit wee 2 doxinh vy, OH- & 99 % &g
A 2 Asugg dovy, e 7] - ol 22 WFF &
FE2F WA, Bx3 @220 2 wgste A& Ay g

S Ho0o

(Electron Beam) C——— > H,0 (Hs0")

(H, Q") ———»
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Pl
@
w‘

PSP
H* radical OH radical

Q’@Q G— ==n

H* radical &’*’ﬂ axtr i
= S2RT E

H,O= Xt

a9 4 EEAS] AR

oA S o4 =y AAEE 20029 University of Birmingham €]
S. Lafitte-Trouque$} C. F. Forster’t A78 $&3 1 @714 astzdAM 84<
Bxe) #7148 2L 9% gukd AAEs Ad7E v AP A4 A
3 AL 043 RALFEAY AAC BY AT AAH Y HEA o] ol

C zgdd 728 A7HT Jew, 53 128 ALY Aol wAsE
W $F BAedEdel AddE 293 488 F 9 A0 A

A5 A Hu|s}

1. 3} o] &

Hulghad 314 B P74 2489 mAE &5 st fr71ES
2. AFAA A7) AAE BAEQ §71F HEE A oW 4IF
T dodA g EGe= ‘:‘r/\] FAXZ £ e AV EA F Eoketx
Aol & 4 Aok Hulgele w74 et o4 Huls F FRE W
of 2 % 9. &4 Hulstet F& Asd dael §7184L ABgHeR ¥
Hats AQd Fo AYEEE AE £4 2 CO, HO, Hea) 5¢ 5 F
At 2Elm Wr4 FHulgke davh s AHdA 7122 23 e A
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g giAle] AHEE CH, CO; 2 ARA 771 5€ & + ok 7714 59 F
AR E st ofFHIE EAHL EF WG Alre] ZA 2857 wEel o
2o gHjgte 3714 gA P /7€ 271 2AAAS D

8 vhehiE ohg9 2o

VA v ABE
$7184 +Qy ——> SHAE A + COp + HO + NOz + SO& + &

o
&
o

2 £% 59 Aol g FAHA VS GATE]
250 47129 Far} BRAAY. BF oF 8k o= A P ©

Av AaA9 Hrhg QA ZE, 7IE WEdE: 59 EAE vAEY #UE
23 &5 oS &3] st {fUIES HuA gAY =42 3 H3 CO;
32 H0, M2 Ay 5& 4433}

A dd. aea 28 A Fo Eol A
gte] o] @l st HuE|H e 7t 4 oAl H ol2 st mAES

g0 &datA AP LUt o

_L
S ore

2. u3te FFAA

Hulste] $% W A% A4HE S 2 4nBAe) Aus G
) A F$Hr Mg Asel e zdo A3 FA@vH, =yl

e £z dojuch HusHAd)
7], C/N Ratio 59 324, 283 2 E714, 2% 25 2 A
_Y;E_

F Q.

iy

tlo w2

FEgge oA gt 2519

oJorE z o] o]F , ol A& 9] o]% ',] H7Hx'"i ’3}%’3}74] gt} =3 %é,‘—oﬂ

?‘5115101 Ae AFEAolY f71E T& HMAEY Axge Fato UldE AXHE
its o] HAES] AR S OI%Q\?‘r 714 9] FEFFo] 15%v]e] HE 7

BEe) AEEe] AR, Hulsle B4 FETFol 40-65%2) 49
ol Aoz dA Utk 40%0lste] FRIHE solAE PlAZe g5
A oA, 65%014¢) FRFREANE HuBAYe) THE Top 3]
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o] FFol NS FA "ok o]¥A HW ‘?}%327} U1 HE Ho oH7L
dAetE 5o Aol AVIA drk ol@d Aed HA Hus} 21& Vs
o] 7] 938 FEFFo| A EZY 1330}3—13] o] 2 Bulking Agent¥} %t}
A7 B2 tREY G718 EaFHAAA A== o] F HAd ol A4
FRo| Furgko] uls] Wl He Folmz FHulsirt AP met HHY FEo
ZastA B 28 @ 47154 1g9 055~0.8g9 Eo| TAHI ofd wet &
A e g%

of 2500J0la & wj o] 42 <13 102g% &o] FLHLE 9~13
=

A ESEo] vt FUtEER 2eE HH
A Aoz d#x Yot Finstein(1986)%
18314 F 227t Assd s Ae AR Al AV He

F& 22N F A3, F Aty 48 FaATE AT fUlES —r?SH

AN 5 Hulgel 9o} ¢ Fastm At 28y =Hugue o
= 2

o] FHHWA LE/ Aok 258 A%, NFE v e JF WA 9
of Byl £E7b @A =R FAH AA/% $18 SN A4
eEE FAsok ke, A HulserE 50~60THT HAh

pHE mlAE &Fo 23 <daloly AfHez zd3r|7t 44
ovh. gl EFol(Fung)e A& 23 ¥ pH/F 55~8022 drelgo}
(Bacteria)®] 6.0~758t} 4@ w1z+s}c}.

Hulgt x7)dlE F71E29 Eild st FAHAFEY F71ke]l A H
pH7} 50~55HER WolxE A$%E girh 22v dsEdd wet 27] pHYt
2] gio AFel ge olyrh o ¥ FHujglst A A gl Fa
o &3 dRUHNHy A o2 pHrt vl AsstA d pHF 254 5
7vet7) A Zske] gulste] mpxgt GAle] b E pHZE 7.0~802.2 of oty
AL HolA "tk oFA A AR FHulE g AMgo® Qs AA
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g B A8sige W EFE THANA 4358E SUAIH. pH 85 ©]

Fold GEUOHNH)S B7]7F doju vlaaA e 7hx7 dojin Ao

2 Hu|glo] g9lojA AA pHE 65~800A%, pH ¥4 55~9ME 7Heste
2 steEe A9 Hulsld pHE 2A 9%L XA FEdh

2}. Carbon/Nitrogen Ratio (C/N Ratio)

gulzlo] A E3IC/N Ratios thl 25~358 e, Hujzx7]d5¢C/N
Ratio?} 3501 4old AixRFoz st mAEL A F2o] dojupA| &
2, @53 AAFAE Qe g2 E LuEHA HEER FHHgEETt et
g3, C/N Ratio7} o|RT} @& -?~°ﬂu nAEe FAF FrERNE G
A v, Aaggor HuErt 5 A4 &4l AA Ho HREXA9 714
7} Astg = doh £ FHulgRA S C/N Ratio?t ¥ 8] 87] 3kl Z*X}X—‘loi
Z2=dt7) o) 887175 C/N Ratio ZYEE S S84 Hule) F5%
FGrre = o] FaF AAR o] & Yotk 2B HH] FC/N Ratio= 45E
Aol wa AR ¢7] W&o C/N Ratio g Al -4” g 7] e 98
249 C/N Ratiool Hl3d] #< Hu] W C/N Ratiod] #4&S Fste] Hriste
Ro| B} niEA st} &9 4 C/N Ratio= EH #o] 10082 W
w7 gRo gEoz2 Hu e e EAFEE gaddo] TR FANHT
2 AR 53 £Fste] At weto] AT ArhHAA, 1998)7.

v}, Bulking Agent?] W $H]

4>
%0,
H
Ju
[‘l‘g
fu
o
i
Lo

Hulstg Ao dadE e golaa & F714E
gr37] st B7IRAE 4R WsE 4 2R AA v
=48 ¢ o HVB%N gEet7I A A%

A dastt. dxdg EFst] drtde
o) zdeo] rhEsith AAXQ003)5 L &Y Hulste A4 Dol =
[

9] &4go] o 75%, C/N Ratio’} 10 ¢¥lwtelmz &&%4 HH
U523 2 Plant BiomassE %ol A #Hu|sl A& 2 FHoF skohal o
3 v At el@A EBVA, FE2A, 999 23 59 dFE e BES
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9 3 A (Bulking Agent)8} 3tk 1 £H2ZE F2 Fyltolv 94, WA, 45744,
Hay, %ol %°l ok 2% 53
o] BotA Hulg Al £/t =24

Lt
X ]I?.,
2
T

v}, Air 39 % (Aeration)

71 &0 WE7 T?SH HE=, iﬁ?EQ} d gAo] Atk F&A HA

e E Hulst x7)d TR i FEol FEHF T i}

g A9 N4 Ryt AFHA HAA, 4T 3

7b valm, @ @ade] g ® ooz Mg, {714, FE5s R 718 SAUA
Bdo] AAE FHEA TR nigA SR L

F2RANMNE $FANES 23 Yo, BF AadEs Solgd T F U=

2 48849 BU4S gra] Aste] BHA X

A7re7 = 3.

o
E)
;u,
=
k)
1z
e
L

A}, Hu) 3 AR Activity SRS

ol ZA(199N)5 & Adstrseix 9 Hulsle] AFT HH2HAE Hujd
o 5%°l AFate VARG RN Hrista, 27 O/N&& 21~22, =3
2715 TS 200my/ £ - min, 28T 27| FEIFL 6M4~65%2 2HI}E
st gal v Ao s =Enlgnde FHustad vaEs U
BHo) Q= Aoz 4HA Yrh StormE(1985)L Hulrrlue] chekdt v A
2t 2} o}} Q‘ﬂﬁ‘ﬁﬂrﬁoﬂ A FadA 719y, Bdds AFEATIE 55T
Fol A1) E 8| 5tEE2 124 uhegoleln, 50~60CHAAA Hu|dh=4
2y 24 /H]%j% 2 &o]  Bacillus%oli, 65ColdeAE B
Stearothermophzlus°1 AE7Vssitka vrd b Qo gulslaAgFel Fad 9
3= Fungi= Mucor, Chnetomian, Talaromyces, Aspergillus 3 Acetomycetes
o], Actinomycetes® HHgEyrld F718S E@ta gHA dn
(Furmor, 1985)*.

ST R VR O U N
o>0{Nr$‘J_2£
fl

E

ot o
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of. HH] 4%

g9 $AEE Hrste 71E2 oA AR AHEA AA Font
PAE exust 9 olasteta wAI 37 C/N Ratiod W3S F3lM 54
2 gng 4 oh. ey Hulslel A9 nel C/N Ratio’t thsta
Bulking Agento] e ®3}7t 27) W&o C/N Ratio’t &9 #n) &4 X
7t 9 = ¢gx%, tisl (Final C/N Ratio)/(Initial C/N Ratio)9] < 534l
AEE Fast=d gol 07501801 Hulzl AdE HAo] oFojxrin &
CmEby B e e A 24 R SHA R 2R EA FYoied o
g3 AN st Zzte) SATEE nugozN zZH =AW HHte]
AEE HrtstAth

-EJ% FH

J{> il

Z}. 3atA 2 WA (Volatile Fatty Acid, VFA)

AEQA 3 {714k Acetic

= A2 A A 2] B
ob &7} Male] A7tol cz}oafz}% olxA Hed olgd AL Fsie] Z Hulde
VFA A% 248 £9 2% =)o 48 549 tdAe Hrlsiith £ 4
Hol i olsl s ARH SHAREZ BT ¥ F QE  Hob(Germination

Index)& FA3ste] VFASHS] dA#AAS 49 B3

A 5483 2ART

o]
J

gaEus nEzA A 715 57 9
Axo] glofob gk A=A I HAHEE AV & e

Jd5)o] dA o} Zucconi(1981)%5 S Zo}&(Germination Index, G.L), A3,
AeAe 3F 5S¢ BAste] Fulo AAEES A E g, olF EQz
gul7k 4 Ao nAE SAATEE dolugith B AHo|NE wWFHY AFHE
o]-g5to] wolg-g Hrletrh

A= A

g

,_
), _4
2 Ag
LI
Moo
AN 2
flo "
2
&9
bt R
o e

('l

P
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7. w71 E 2F

HuAE QARE B SN GRS S WRY F HCAN %
U-48N7 B WrNY Bk AojUEF A Be A 24T F
pH7} RolA7] Bk F, o) A3 23} 5o pHe| W3}

=2 =
=
BIATE Bud 57 Jded, 27k 29 Hulgde] A%

3.2 ofo] WA)ELY] Wi M| pHel Aol7t AXA Hit ol A E o835t
o ARAQ 4718 7AF RE AU F gtk B A e 7 FHE Fujd
A el A F71EEHY S FrtstATh
El. g Eu|9 AR 4
)3 urgo] 859 F H& FHujo gty HI1% EHu]|EAE H]
Bol FAFA FEL BNt uju Hr) . 24 301'%% #7158 &%, CO/N
Ratio %—r(NaCl), #8383 As, Cd, Hg, Pb, Cu, C, Ni, Zn% ol 44t EY

= AzA %%'—1 Hagel dbed mgs T4 HE F o el ARIE
Be ool Fosio} alth Ea Fedh Al Bl A4S o %
& e FAae 2Fe Aual HEAY 4B 4SS
Sk B pH 935S #7012 @% F24 Al
A

g al=
3} Fel 3%, %1% N34, ETY 2 %
Q_

2
N
)
[
2
.{
2
2
)
R
N
i
i
_\,L
9‘_,1
2
o
ox,
ol
jOl_,
s
o
jo]
=
)
)
-

g A4 I, Eoou pH ﬂ%—z}%o e 22359 F%9
Fe ol Al o]0 Bk g9 % #¥e 4 a7 A% W3HHIA fato
2 2ga7] HEo.

£ Fedt Ale A EGAE Qo] Feolv Al# Zdste 4 &0
olg T F gl BEA FHE HIAA AEA AN AEIFES UE
ot 2% pHY Fe, Al9] $EE EGAA o] o]§F & e &
Aita} A Eo] o] & F 31—‘:— nAA FH 9 Qs AAsE FLE

1 gk o A EFAE Fed Alo] 94 FAFoEN BEA
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A4 B2 FAste ABAA A4 AP YehiA "o} Al gFE E
ko) ZQTAA AT B A FE) AR AT FAAANNE
sk B el EAEE OFE AlY) FEF F 24 Af* ol & &l Wy
wge] AASA AT ol BAE 53 pH 50 EE I olate] ArEoA
AetA YeElGA Y, KaoliniteAl o] = cFVHfMJSOﬂHEi%$ﬂ§'%@ﬂ B
ghd 4 9ty Fed} AlS EolA pH 9592 BaFA% 2 pHAE &8
A B4 Y s Qla 3

514
tio
e
ofo
0)«
oy
ful
frtt
2
il
N
Kt
o
v

3. g3 MAE

o3t gh-ee F2 ul g o3 ozt HlE FAZE 2 Hdy

3} axut o829 &L HAZE mwH|sz FABE] FH

gsttt, 53 dreglol(Bacteria), 34T (Actinomycetes), &°

Z3 9tk Hu)3 wkgo] MY 2o wet | BE AL

o Bad e FH8ele] FXNu T Hulgn|o X wIME R

Z7e] gAY R olE AR PAEL o= It FAEA EAGE
Aol ofUgt Z4ate] ARz g A wat FEsHA do.

F*IE i
2 off

ofd

——

(o]

Hulgt 2719 & 40CTAHAE T4 Gt $HFS olFrhr}t olF 2
7} 243 AssHA 1eA wegotz fAHT. 283 5~109e] XA
AEHE 124 FFol7t @8, of ¥ 27t A4St sA4GA APH
E kg Fuby)de AFel FAs A9 dARFE BFFEA FHh
1274 2 gAEE 474 vjAdgo] $HFE olFHA HHIF Hbgo] APA

o a2y 227 0CAHEARA AEstd 220 W@ AP
Spore-forming HrH|Zolute] MEstm I W nAEL A4S &3 whEl

g dogth

o A

L4

7}. BHel g o}

i~

wrgglolE HulE2A e 713 Zo] EAstEd, tiA =y 1g 3 10°~
10°AA S Zh=g, 283 §7189 BaESEr e AERg: 44 #
23 gu)3 x7)9AdA 84L& Bo|=d, Spore-forming HHHZolE &7}
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0Col gz nggl geRde] oy Fio] FHF FHANE & AYE

Ao 7 I

o

T2 ZA3) o5 F2 Fado} AEReA e Wi EF EIHE
= 71 e 37 dAdA FHulgn ZHe| iAo Az
S g FFe AT wuke 34U Metd o)y 42 JEhA &

FFo|E A AR gadoy AER A 22 FEHE 249 £
o

2 gt oL Hul2A 1g7 10°~10°4A 5

gulgd Lole {7189 2AE FIohs WA o= AT d¥e

& 3 Eo] EAEA Ak WFH(Ecoli)olyt whol# =

& 2E7t gEbE iR E AE@Y £ 7 7 & 8

= Zt7 S e e 4 gAd dEA Mg AAs R A4E e A
1}

9 At 2= 4

1
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% 7. 9913} 7)20F dEA e T3

No/wet Gram Compost
Micrabe Mesophilic Thermophilic Mesophilic
(~ 407C) (40~70C) (70'Cto cooler)

Bacteria

- Mesophilic 10° 10° 10"

+ Thermophilic 10° 10° 10’
Actinomycetes
- Thermophilic 10* 10° 10°
Fungi

- Mesophilic 10° 10° 10°

+ Thermophilic 10° 10° 10°

£ 8 HHISA WA WAEY APE2E 5 AR

Destruction Time-Temperature
Microbe Temp Time Temp Time
() (min) () (min)
Salmonella typhosa 55~60 30 60 20
Salmonella sp. 55 60 60 15~20
Shigella sp. 55 60
Ent. histolytica cysts 45 2~3 55 2~3sec
Taenia 55 2~3
Trichinella spiralis larvae 55 1 60 1-~2sec
Brucella abortis, Br.suis 62.5 3 55 60
Micrococcus pyogenes var. aureus 50 10
Streptococcus pyogenes 54 10
Mycobacterium tubercylosis var.hominis 66 15~20 67 2~3sec
Corynebaclerium diptheriae 55 45
Necator americanus 45 50
Ascaris lumbricoides eggs 50 60
Escherichia coli ) 60 60 15~20
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4. g9 F4 7€

7 =d "o £ 71E

=
s, Cd, Hg, Pb, Cu, Ni, Zn 283 Cr59 87k T85&

£ 9 U 99 v5FATE (20023 1€ 31¥4 7HA)

g 3 7l & A g = 71 & A
§71% g3 2596014 a5 mgkeola
C/N Ratio 50°] 3} Hg 2 mg/kgo] 8F
9 2 (NaCl) 1.0%0] 3 Pb 150 mg/kgo] 8
38 (H0) 509 ©] 3+ Cu 300 me/kgo] 3

As 50 mg/kgol st Cr 300 mg/kge] 3t
Ni 50 mg/kgol st Zn 900 me/kego) 3k

(xdae71e4, 20047

. 59 "Hule 4 Vs

3% 8§ A= HuAF BF A d=eie v 98 A
N 7 5

F83 71FE /AT ded vse 25 A4 B7hE JHHE 7l 2dL
Z dte] ool Hi o8 247 HAA #F 2 A%l A ANE 24

S AAEY A 2del diste] ot@o] AFHA A= F

Observed Adverse Effect Level) 2.2 3AE A3t Jvh. F A48 7FA A4
e B39 2L a3t #2HA ge 29 1 AFS A
ol AHEE & JES st Aol W FHe AR A Auttese A&
e EGY wAFEE 94X ¥2F JES updd 73 v 4= gHH 5

H 7|Ee e 2o

#(NOAEL: No

Ol
o

el
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(1) "|=9 Florida

W59l Florida®t HUE oy A7E, $4%, o84 8%, 94 2
9 47184 §F 290 oA P 384 FEE 1E0R E 100049 2
pRagon, Age e AEEES AvRAc AU ) $Fo ¥

0] =
F3 AL g4 AVEY FHE Vo2 9, NEERY ALY B0 ¥
St 28 H 7| EQ £ F7]E 2 Mixed Organics)e HHE 57 5 (FF/F A

B, C, D, B)e.2 YF3e fq, 73%@171%(%‘—% Y), 28 Zt5EnE ¥

Je AL I=HY (FF 2 EFsA o2 778 HHlY ALE =&
TF Y, YM 282 FF AR -Er?"r Elt‘]\_ A flel A 7 U3, FF

B HHE A&y w98 ¥ F3vwe & AT & Jon, dut fiF
o] HFo] BAHE AQX AHEE 5 e W FF C Hule ditdF e
HEol TAHE AFAM e A = §ith 2832 T/ D Hule Feole Wd
At wj G2 9] B Ag3} BEE Zont Aol Jhsattt

O

¥ 10. ¥ Florida9 #4] 359¥ 4 7|F
Florida
Y
MO(Mixed Organics) (Yard Y and MO
Waste)
=5 Es Ea 3 Eai =5 =5
A B C D E Y YM
Cd(ppm) 15 20 100 100 100 15 15
Cu(ppm) 450 900 3,000 3,000 3,000 450 450
Ni(ppm) 50 100 500 500 500 50 50
Pb(ppm) 500 1,000 1,500 1,500 1,500 500 500
Zn(ppm) 900 1,800 10,000 10,000 10,000 900 900
Inerts(%) <2 <4 <10 <10 - <2 <2
Organic ~
Matter (9€) >25 >30 >35 >35 >25 >25
ROM(%) >60 >40 >40 >20 - >40 >40
Particle <10 a5 | < | < - <25 <25
Size{mm)
Maturit Matur Mature or! Mature | Cab be _ Mature or Mature
aturity ure Semi or Semi fresh Semi or Semi

(Florida Administrative Code Rule 17-709, 1989)
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(2) FEAS

o] =9 FloridaF ot g FdA9e EJ wiAFEE 7HAL 552
AaFch. FHAGY HH 7122 E 1194 2E AAHE w5 dAsA e
2lt}, Nether-land TE

o #7182 F2Fd g 7lEs El
4% 9= we HuY Ve
ZAsA A Belgiume A $ole Hule FEAo] old AlEEEd ui H
& ¢ F Atk FEEoE AAEHAE Hule TS,

2 % ARt France: % #7183
(MO)& Class 1, I8 25302 oy 24 559 ole i, oE
A, &8, Eta" agn JAa 6 vt SFol AAHN Switzerland=
=3 52 @A #Asd B4y FF

ofn ~
(27
it
=Y
2
EOR
o
B i
N
9,
of
it
A
off

5= 37h8 BAsn Aok

- 1565 -



¥ 1L #49 =y 598 F2 7€
Nether-land Belgium France
Clean Very . Switzer
Com |Compost| Clean Sewage| Agri | Park | SS | Class | Class | (apnd
post Compost Sludge | land | land | MO A A
As(ppm) 15 25 5 15 - - - - - -
Cd(ppm) 1 2 0.7 1.25 5 5 1 8 8 3
Cr(ppm) 70 200 50 75 150 200 70 - - 150
Co{ppm) - - - - 10 20 - - - 25
Culppm) 90 300 25 75 100 | 500 | 90 - - 150
Heg(ppm) 0.7 2 0.2 0.75 5 5 0.7 8 8 3
Mol(ppm) - 5 - - - - - - - 5
Ni(ppm) 20 50 10 30 50 100 20 200 200 50
Pb(ppm) 120 200 65 100 600 | 1,000 | 120 | 800 800 150
Zn{ppm) 280 900 250 300 1,000 | 1,500 | 280 - - 500
Inerts (%6) - - - - - - - <20 | <35 -
Glass - - - - - - - <6 <12 -
Plastic - - ~ - - - - <05 | <1.2 -
ROM(%) 20 20 20 50 >60 40 40 - - -
icl <
sizr?fnfm ) ) ) ) S R TP I
SSMO(Sourced Separated Mixed Organic)
ROM(Reduction in Organic Matter)
Source ; - Decree Containing Regulations Relating to the quality and the

Application to or Incorporation in the Soil of Other Fertilizers in

Netherlands
- Royal Decree on Trade in Fertilizers and Soil condition of 6.10.77

in Belgium
-~ Standard NFU 44-051 in France

- Ordinance on Hazardous Substance in Switzerland
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(3) &&

AEo EHu7|Fo2ZE C/N ratio7t 30°]8telojof 3stil, FaldEo=
As, Cd, Hg 283 Pb5 9 7HA F85 S WAL vk 4714 Pbe F&<
Zx o] 93 Aow, CNY =& §&9 lppmo 2 AL d= 2A 0]
ok o X 129 AAIE] YERRAT
¥ 12 4Ee] Hy) F8E F4 VE
G 53 = o+
FE2(T-C%) 40-45 45-50 15-50
Z A2 (T-N%) 1701 1.2-1.7 1.2]3}
C/N 20-25 304 35013
% 2 2HP203) 0.80]7¢ 05-08 0.50] 3}
7 8(K0) 0.3-05 0.3-05 0.3°] 3
%74 (Ca0) 5014 4-5 40} 5}
F vl 2d & (MgO) 0.30]4 0.2-0.3 0.30] 3}
pH 75-8.0 6.0-75 6.0-7.0
CEC 80°] 70-80 70°] &
T 604 % 607 & 604
o s o o 2} a N o 3 o
denzan | TN Wien e | wsen e
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H 3 & dAxdsd g I 2o
A12Aad e
L A EA X9 AELH 54 T

d

sy A AZAENEEZ A3y Yot wrEadold AHS
HBAZSHAS 748 %F FYAY E2SHAE AHESFAT

ARAA Z2AE AANEG FBAESHAE A SH5Fs 1FE2FFS
2 zAdstgen 12 8X9 HIFPEHARA SFH] AFsa 3
2 9] TS3HL 29%, VSE 1.4%(VS/TS=048)2 VSIF TS 70%
Ao v 714 nHEQ FFol A WA UERT
] il AXNT HBAY £8X 9 AT AR 2A ARG LT
Moz FeFZstad 1YPE 3ot F 3%FFoE FAIYoH FHFEHA
o] TSFZHE 27%, VSt 1.2%°l# VS/TSE 46%°l At
F3t Graphical statistic analysis® §3] +3 stF&ex 9 ALA=E
7 7183 v@3ty)] Y9itd, 23 AAH7IES Sorghums A4 &

7
Adgt Moz HFAENEE T3tk Sorghume FH3E F-EE7elA

3 A7 EAd DA VSE 7|Fo & Al8/4F 0| A EH](Substrate/Inoculum, ©]
3 /1 ratio)s 02~3.08 oA ARt AFd DA dFFEAAgF T2
A3 EFSAT B3 HF:H X}iﬂiﬂ 2ol s HAHE Tt &
Bl A3 7] Yete] AZFFWe FUT HSR(SM=0)E Fol YT 2N A
rlenmeyer FlaskE ©]&3l9 1, R84 2440 %
o, ez HE d4R PurgmgO}‘ﬂ a7 ]3**5H7} &9 8] 7\**5]—‘-:—; s}

_91_1_,
2
o
rlI.
olo
BN
rir
w
A
=
td
1o
t
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oX
P>
Lo
1o

o
A
>,
Eh )
+ N

A4z AL} EE FE37] st AVEPE HHo=
384 FHAAS A FH EAAEQ VFAZZH & wgs
A st7] 93 NaHCOs2 A7l vrexy 4B s =53

(NH4):HPO,Z ©¢]&3] C : N : PB]E fX3}+= §¥, Fe, Ni, Co, Mo
Trace element& 3 134 YERA vt9} Zo] w7k Fste] 7|4 &gkt 9
& HEAN T AFEE AAstATh

N

o,
off
)
Ol
O
il
o%

ot ol
o
<)
gt
f

-

i)
2
B
)

¥ 13. €714 434 FY3t= Trace Element

Chemical Composition Concentration(mg/ ¢ )

MnCl; . 4H0 0.0005
H3BO; 0.00005

ZnCly 0.00005

CuCly 0.00003

NaMoy - 2H20 0.00001
CoClz - 6H20 0.0005
NiCl - 6H20 0.00005
NazxSeOs 0.00005

0 PR AAAE AAT B PR 2L 35 289 grdE

g g BaERd vA= TS ‘“37}6}71 st 1, 3, 6, 10kGy A ZFzA
o2 AL 2ARRE A F9} 3KkGy, 10kGy Ao = ubd s ARG A& b3
A&HA 9} T} 2AANA AFE @*16}04 Ao e QEdxs d B3
4] WEE vl JUEsiUoiE 14).
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T 14 A 24 28A% 4214 A7189 2F ArdE B7HE A 4923

Substrate/Inoculum
(VS based) Substrate
Raw WAS and T-S as Control reactor
_ LkGy
EB irradiation 3 kGy
a .\ N
05~10 6 kGy | as Pretreatment
| _ 10 kGy ] reactor
3kGy
G irradiati - -
amma irradiation 10KGy
1~3 Dried sorghum
0 Inoculumn only as Blank reactor
. B4

38 Fr|zUdAA sl ARSE H7hEel 3lolA Biogas ¥
A3 244 EUZ AAHE BVSTAE AJSHEE Biogas7t &4 WEE
oA Aoluyrtx] FE2 AAT Fort aFdr. aERE £ dydAe A4
# Biogasol 93 BVSA M tfEe] W&z FAA H(Reactor mass
loss)& WAty Rstaz vk I EA e
Wet test gas meterE ©o]-&38td FAT T 712
o] TFEAHOTC, latm, STP)E 71Fo2 st BE Aol o] &33
BiogasZ¢ wWgrd%S TCD(Thermal conductivity detector)®& &3 3
Shimadzu GC-14AE ol &3t ¥4, ¥4z & 159 HEI A&
= Gas bag9lX AH Micro-syringe® 1.0mlE F3dld olF 02mE FHs4
zARs9 oM 43 7|7 B nFE AAZY VeSS WstE: B7E)
sl whgz MM 423 T8 F 47 ARE AFHAst <A =2 FHH

o B =]
A4S E48th

P

N
lo
rlo B
1

N,
P
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I 15, W eEA S 913 Gas Chromatography?] ¥4 =7

Item Condition

Packing material Porapark-Q, 80/100 Mesh

Column SUS column(ID 2mm x 3m)
Detector TCD(Thermal conductivity detector)
Column temp. 30T

Injector temp. 80T

Detector temp. 100C

Current 80mA

Carrier gas Helium gas(99.99%) 20 mé/min
Sample volume 0.2mé

O, ARAY 47120 ol BT YEAA f/12Y FBu g A}

@chPeres, et al, 1991)*. A9 HAF ARIALE AZ F Total volatile
solids(TVS)Z EAlE F e ZF IATAR7IEST AT 7Msd /7€
(Biodegradable volatile solids, BVS)2] #] qgto 2 & & Aty a9 b
Ve vhg} o) Astgia 71" 2 TVS F BVS ¥ Eulo] BiogasZ #3157

=
2o BVSE 534 #7147 80 2ald o 48 & Jv HAd =Aad
o

il
A
NN

oX

FS =T 5 Qo P BN §7180] RoHE £E8 ZAY F
o7) WEe] W8z AAN Wgze WEY 27T BEAeE ARY & Uk
A7t Ak WYzt TS BAT, wAYe) 9@ A% dFA ARE

%, & Biodegradable COD %<& BVSE m@sjojol 7434 A
gatA whezo &L AHAYd 4+ 9o, HEx9 HIUIEH
loading rate, OLR)= BOLR (Biodegradable organic loading rate)2 X @ % ojoF ¢

£ AE3 Zdo] E Ao},
AF7A E83) g9 ARIHE ==AWPOoFTE Serum bottle technique©|
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BMP(Biochemical methane potential) Test® %3 HF#g5&(Ultimate
methane yield)o|\W 583 A$45S Fae ol 7 &84 2ol glon
(Owen and Chynoweth, 1992%; Shelton and Tiedje, 1984°”), Fiber analysis¢}
In-vitro digestibility*3#o] Hasir A= St

In-vitro digestibility '8 9617t 4318 AA3ld AA VSAAERZ ZAY
4= 9l TDOM(True digestible organic matter)2 T3l9 HFAENEE 438t
™, Fiber analysis® Crude protein(CP), Acid detergent crude protein(ADCP),
Cell soluble cellulose, Hemicellulose, Lignin, Cutin5< &3t HAFAYLHEE

dEsts wEes 9% AHgEw gtk

&A= International Water Association(IWA)®] Anaerobic Digestion(AD)
Special Groupdlel “Task group on harmonisation of anaerobic biodegrad
~ability/activity/inhibition test methods(TG ABADE F%2o2 7] x13tollA
o ARHE AL s ANPS BFF87] A% A7/ I Fol Utk

B dFo A= Kang and Tritt(1990)e] % 7I'23 Graphical statistic analysis
WS o] &3l diA e AFARAERE HhetA steeEA s
sz A3 ALYIE AT 7x (ER G843 =Y gAY 2L 1Y
S719H 71 & BaHgel S 2o A 2dY F Je M2 THES AAGY,
Eiaal= P o w2 3§24

7l BAEEETE WIMHOEHN
il

oA ZasaA
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TVS
=BVS+NBVS

(a) BVS(biodegradable volatile solids)

(b) NBVS (nonbiodegradable volatile solids)
(c) TFS(total fixed solids)

(a)+(b) : TVS(total volatile solids)
(a)+(b)+(c) : TS(total solids)

a9 5 #7148 28 EY 74

Graphical statistic analysis #8218 60 e wkel o] f71E0] E3iH
B oz AZHDOA AEF Z7] TVS, Foll dolghe TVSes| H&(TVS/TVSa)=
yZo plotdla LA 7S] H<4(1/operating time)E x5l plotdtd Aol F
e 248 9 1timee Olzero)o32 ZF3ERE ol EIsta G TVSAHE,
Z yZ39 wh}E AE JdEsiA ¥ & (Refractory fraction, ROZ 8 & Utk
agez A7 HF WEIHE(Ultimate biodegradability, UB) = (1-R,)x100%
g 5 gon olm 73 HF ARt T AR BVS/TVS ¥l&e] He
Aolth o714 F& UB#HE ol &3le] slEA &uis KE 78 5 dd. =,
In(So/Se)=ktA AN A In(So/Se)E YZd| A7HL)E X=o| e A9 7]&7|=2
BE ke 7S5 Ytk &, So9t Ser 279 Ashubg Azto] AFsEA o=
A7} tol] <] biodegradable substrate concentrations YEFW 7] W& k& T3
7l 9AME AH-e AR HF AEHET FAFH o Fhrt

-
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10

08 t
g 06 ¢
>
—
@
9 04 — L
= ,',.", ' ~®— 5/ =100
faszei® T 0—S/1 =75
02y~ - ®—5/1 =25
. —0—5/1=10
I Refractory fraction, Ro \ O 25: =04
00 : : S
0 002 004 006 008 04

I/time{day-1)

23 6. Graphical Hllustrationol] 9|3t HFHENE9] 7d

AZALANE=E SA}7] AT PPz A=

Z Biomass®] #3d W3 ERZ Biogas A 93 Wgo] o ¢4 FA
A2 Qg ATPRAE AL 27| gz FAGG Azt mrE HbE
AXE o] gdte] 27l TVS MassE 7I&22 #3d TVS MassE fatsto]
HAZAEHES 75 b T3 BiogasE ol&3teE WS &

= TVS & AE3 7} 7153 Biodegradable volatile solids(BVS)4te]l &3 2.
Z CHs& COE BHez AA" §7189 FABVS mass)= 4 (DF 2
o] A ¥ Dry biogas®t 5d3 Ao 2 FEE Biogas T E°UT 1%7
nte] Trace gas® AJA|71H Biogas’t CHi&t CO; Gasel FAl¢t FH3iria
4 F Uk

AAE #7182 FA(BMR)
= CH, mass+ CO, mass 21 (D)

E24E(0C, latm)9lA Dry biogas(Vo)x ol 7| A ¢t o] dFdrta 7Hg3Hd,

(16x ?564 )+(44X%) 2 Q)
BMR=BVy 92.413

- 165 -



where, BMR= Biomass removed(g)

BVo= Biodegradable VS mass removed(g)

Vo = Normalized biogas volume(liters)

CH; & CO: = Normalized CHs and CO2 contents(%6)

COx(%) =100 - CHi(%)2 A (o] tidsiA £% Biogasdl &) AA" #7]=
o ¥ 4 @) 2ol B¢ 5 Atk

BMR= V(1.963 —(0.0124xCH,) 4 ()

adez 74 AslzzRE 244 Biogase ¥4I 2=

A=
T
29 FAS AN 5 3ow o) Egz ATARAES BASE ZHo| /b5

71 astze A7) 28 A Aol st &35 Wz FAE d
A¥E 23319 2R 7170 W dgze FARNA BiogasWd 57 FAE

He Al Z&3A

3. AR 24 2 AeAzA}

b

AAMZALE (F) EB-Tech7t 258 1MeV, 40kWH, ELV-42 3¢ A
AT LTS o) 4d) ZZ 0, 3, 6, 10kGyLe 2 AANFHLH, At zAE AR
#d AFLodA BEsln 9E  Cobalt-60C#AHE:100,000 Ci, Paranomic, UK)&
143ttt

]
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Aoz AAAR dFEHA gFAelas Ax/22t 2 Hulg 5§
7}

o

N
dil oF

AR 24 R GFREA A FF) BHE AFEEA T
oz Ax/A2Z & Bt

#37 &x Aee gie MPez Aot Avigel gA=HL )
FE7) L3 YA G s8N ATH vleMde] dosy. gt

A = 3R 9 2Z4HEE 8]A R EHoA B2

A2, B2 A Ho gEs ¥ 5 A euUAd aze A 2%
pug ges Aved b 529 PELR ok Y ABE WAAE
) 3 59 5A4L AR o a7

°
oo
ok
P
s
x)
%
o
N
o
.
offl
©
o0
L
flo
fo A
M

=
AAE 1108 AT B¢ F 7489 71§& FEE +

o] & 328L TAL gAsi=d 2olu UuAE dqUAR sl45te o 57%9
35ree rovn Busgdon® BrideS(1984)2 A7t Aol 68%7HA 3
vz Rug v Ju?. ojedx AN Bt 2718 E ol &3t EFL
&), ©Z =94 Concrete A 59 FEolA o]l &stx Ut wetA e
Aol AR ZA B dFERzA Hrl fF 0E Ax/AF 28 % oY HE
Vs4e Frletgn BAFgEe SR 2 n¥EdE A4a%E 2 f71E F
ZF oAz AAY LIdF Folen o FE& FFFE FAst WHF

b o
o N o
> o

)
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A

$ 7222 AREY. old AAT FA 2 FFREAY A7t BE F
v dss A Rrgid

EAue F3y e SEPAE 7E 105-110TAA 1A AFAZ b5
FAe A Aol e StellA Wsla FFo i FAE AL dn(Wy A7l A=
A z2AE E8A] A7 FE HiY FEFE me FTHASL A FAW.)
£ AF3) gt o] FEAAA FEES A9 Iy Bulx 106-110CY A
z7|etell A 4AZE AZ2AZ oL &b dA Aol gte] ol wrlsiy gFo R
FAW)E L3 Do} otz 2] (9 ol &3t FAHsAT

W, —Ws - Wy — W,
}\l':‘__ [¢) - 16'3 [¢) = - Al
FRO6) = G X 100 BYEOE) = g X100 2 (4)

sreeixe 5A wole ) AIdRHS T8 KUIEY FHE A6
gon, AR 2A 2 GdErEA FY 7 g HE FrisAh
WZA, AAdA == AZA =Y EE HAAE old 600:25Tol A 3083
Aaetm Fak A Aol ¢telA Wy g 1 FAWDE A3 g2 o
7)ol AR ZAFE £8A AZHFH(20g o)H)E HAStd =M EE HAS €
HA9 FAWYE FTs] @t A7ld 256% AAEGEF 84S Yo
2 HAlm  HAHI] st @3kAzl oy 600:25Ce AR <t
Yadstn gatul A Aol <ol A Wlste] 1 FA(W3)E AEs] & F o

(B)E °l&std FAsA.

o

o]

=2

X
)

o M
2 3 g
AN N

W, — Wi
pAS LEE(O =
DA TF(%) = < 100
F1 BT (%) = FTAHIHE(%)/2HE(%) *100 21(5)
AP E(%) = BERFHR) - TE(%)
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(3) 24A BYF

27HlE 24IPLE SH AN A4HE RABE A4 2
29 AF Sol AH thiwelA Aolgar) Sa Aze &Sl AHy gl

WAFE MTHYY. AAAAEL FRFBAN LY RYEL Poto] 7
shgich

(@) B 57

SJrsUAe dz/aztez Afdd 3ol BAFL Y FaF o
oth. B3 272 HAA AP V1Ee] HE 072 SHAAE /B g #
3 Aad v BAtE ddka)S T AR BAF ZHA AVIBES) SR L
Axol o8] WY SR FLRAL TR o] 24 WA o] S 1
Sdola} gk 2 AR LAY A9 Ak Wk &o SR B 5%
7] oz WEEy) dEe SRRA olgax Ronz uy BARN I
S wn e Qo] GaSA o145H olRe A9 BFole} Ik BABL 24
$7) g WpHozE 2N ol W, wdule o wE, AxAd 9
A7 B9 Aok B AReME seseln) g4delas] BdRs 4ad
Mo g Woz AdaAT olg £ F5LHAYg ARM 24 L 2R

}t]_'
zAe Aol wel wdBe MAE TS HT AR

DAY Pl seeaA BaAlAE AAPABTAN A=A F A
g HASA BT F AAREALENINE ol $3e] C H O, N, 59 4EF
F2 ZH33 o] AL DulongA(A(6)] hstel Axkstet.

Dulong formula

Hh = (81 C + 3425 {H-1/80} + 225 S kcal/kg(Z}d & A9 LTE =)
H; = Hh - 6(9H+W) keal/kg(FF A9 2E)

C:&a H: F4, 0244 S & W: %)

2} (6)
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5) AT BEEAZ AHE7HsA 27t

AR E AN BEAY Je nHs
g s dale S g BEEd o3 Z99 AAFE
AAEES Composttt HELEE Azl €HAE o|&std F71ES T ¥
78S Bo e I/ AlF b A B FHEEYG ddEES 7
2 igddy EF) o&3te BEAE TtsT T
hagtAoll gAolt), ol B AfoAE ARHdoR AAYS strseA
gAlol Al T34 £EAES T3 MEFAAMY BEA AHE 7t S B

st

HA7NEWY FEEHES £E3sts WHE 34 T W 2 ) E i
A1 E@ YA FASE de AAAVEY A 2 ARH ] FHA
s AR37] A% Aol HEsted ¥ HdPoHE EdL

id
N
>
>
N
>
yE
i)
ny
}-N
o
_wﬁ
é
_a
_,L
-h
_vu
N
(i)
_‘
X

7hH Mg EH

NzE FFA EFEAELY %
B9 % Bulking agent2% F&£3J13%33H 417 2 zd
Dust)? Hay(Hay), 2@ ten s S¢F QoA AM Y2 S99 U (Sorghum),
283 HAA s PAIY e B8 (Wood chip)& 47 o] &3t o] ¥ Saw
Dust®} Sorghum, Hays T4 L @i23FdozA 01%3}9\131 Wood
chipZ FF/NFAZ o] &3 dth selA= 7] B 74
F2el Hug vhgg 7 5 gl dEd €84 g5 F
A AEE Ak Hulste] 9852 AgHe £dA9Y FEE FFA &

<
e
r_l
2
~
L e
Ky
T
Fob
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2073 52EYAE Belt pressE 53 25 Aol=ZE Control €A

Mg

o}, ol A=
el

i)

Aolaz g &<y Ad HE7FALE(Star Fish)7H&

2 SF g Aolaz =28 HAA(Electron Beam)& AR
EB &&A A2z a8
A7 st @48 =& EB-SF €8AAlZE FH5A
B58 &8x Ao)=ze Hug
zpzA A7 57 Fus & vixe dFE
slo] gmE »ol: F5eeA gFAelA FFE TR A,

Arstel g A

__'C[T_
sEeAAd ARHE 24T F

49 Fotol AAHZA 2

sk B 1660 )

¥ 16. Hul3ty 982 AEE SHA FF

(No Irradiation & No Star Fish
Addition)

SF €A Aol=A
(No Irradiation & Star Fish Addition)

EB €8 A|Ael=
(Irradiation & No Star Fish Addition)

EB-SF €& A A=
(Trradiation & Star Fish Addition)

EEuxd gFEzAd FTEIEH
7Habel THR(SPE 2 2

e AR4AL AR
0]3'_

ol
ol
g
5
o
X

TE BA 32 Standard Methods ¥ FaHFAA W,
AAsY 259 pHE AAA LA pH Meterg ©] 8314
om E3] pHS FLAALAHVFA)S EFsIeEANe] 15% &

FH1adES

i

o
=
Sueed 2459 AXARES

zge AT A2FFL WEIRY

of #3t Kjeldahl Method&
Acid, VFA)Z A& 44%FS F 3

olg3lg o, LA
550°Col A ¢k 223 BE F BEnFE T3t
B dAF] NRE 3

o] &3t A8k, 3 EAAHAH(Volatile Fatty
AHH3PO,)E 7Fate] pH 2 olske] At dH)

EFEe

sgte]  TOC =

23 B (Volatile Solid) %2

Tyurin®H oll

Hoto] BB
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2 §A% & dAR e o3 #AAHE AFH Gas ChromatographyE #4350
ngEe FFE AL AF INTE 7tste] MEA7IL FTE2TUEHR ¥
AE  HFETE  AAANNG. zEln ANEE  4H4EY & F

Tetrachloroethylene+Aceton & 0.2 F&3o] FR3=Hoz BAAT ¢53
Al s 179 JEeER ST

¥ 17. 3549 B4 oy

2y 3= 2y P
ex AR L2
pH pH Meter
) ) Tyurin§
Z 0 7| e} A3}k
FR7IEaT TOC = [(100-ash(%))/1.8]
3 1 F(VS) Standard Methods
INT Standard Methods
3T A LAH(VEFA) Gas Chromatography
TKN Kjeldahl Method

wo}& (Germination Index) H71E 3l FHHAIE  bgol
00mlZ 7}3ted Water BathollA ¢F 70CT=2 2413t 3749
o2 A% ARG, gHEd U qdAE ARA 7}t 2
@ Petri Disholl 5mlE Wi wiFHet FFHNE 47 1074¥ sFste]. 5d F
wolejel B dels FAHT T oofd e AME ]&3st9 GIL(Germination
Index)& T3tAT

o =

%
W

G.I (Germination Index) = %—% x 100 21(7)
Rc: Z9] oty £} Lc: 79 wold Fx ¥g Hol
Rt #2)79) ol E44 Lt AT wohd FA e Lol
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2) 43=2

B AgdAE WA ZA
o]z9] EH|3 & vlA=
Saw Dust)del mE 2FL FPsAd. el & 457 strezA A=
o Fuls=s Frlsly] 98 27 2¥FAL 44, pH 2832 C/N RatioZ} H|
2352 <21 2 Buking Agent®] %% At FEFFS HHUSE 4
3 2z =7AA 55-60%, C/N Ratior 25-4002 ZA3G1 F7]8FL 10
L/min - kg VS9 #Foz dAsHA FFaAT dtxoz srEeiA= Tl
go] =77 wEd AA Hug 7%e F(#%) F=THS £k 60~100d
HAeg 283 ALE Fv Ao addett a2ju £ dFdME 771
g &5 Asol FA3] Yoy F LEIAHN 2HE Fo AA Hulg
HA71HE 6022 Ao 27]9 Huld whgol AA Hujg aes 2
a7) WEo) gu3 27] 204 713HE F9 ZA #EI}AT

p=S

g4z @77t drEdA g4
7}8t izt Bulking Agent(Sorghum, Hay,

)

o) =
o
OHJ

i
Mo Mo

ox

Sorghume Fgeistim Bl S5 @AA AuE AL o) &a
[e]

t}, Sorghum< 9443 AzH 54 A& FIAYS %"5}01 AR AdHE =
7] BB AR HE o REoz BEosgoen B3 dL2 BHUE T oF
o2mm ©]3te] £ FE w50 Algsid. AgzAL Ael=xY FFH(Control,

SF, EB, EB-SF)ol| w& EH . e X Aolast Sorghumgl
E3vle 44 dse3 C atio?] WHld Eo7t=gd HIYW 570
ZgA 2 AbE3 Wood Chip2 & %39 oF 20%E sttt 4 F (Inoculum)
o AN E2LAYF NSNS gdte AA B9 o A%E Zh i
2 xzo] BU3tA Este] A et Bulking Agent® Sorghum$ ©| &% 4
9 ¥ 189 Zzte] APzxA wE AEe EFH L AR 1S el

o
i
oot
o
e
o
P‘L
pac4
T

ot
A
ﬂi1
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X 18 Hulz 49 =4

Carbon Moist
Sludge Source Inoculum cIstre C/N
Run Content | pH .
(g) Sorghum (g) Ratio
(%)
(g)

Control EH| g 5700 1100 300 62.1 7.1 34.6
SF Eu|¢ 5700 1950 300 60.3 6.6 34.0
EB gt 5700 1750 300 61.4 6.7 34.1

EB-SF Hu|tt 5700 2250 300 594 6.5 34.2

(\}) Bulking Agent ; Hay(Zd %)

Hay 94 Sorghum¥ mhz7hx2 Ax7|A SdAxE AR T 2
HA7NE ol&3td & 2mm olste ETIFHE TS0l A& T. AEE
Control, SF, EB, EB-SF ulF R/ ¢ Aolad] AER <A EAlolaqd A
A ZAFe P-EB(Post Irradiation)7lo] 2& ©lste) & 57FA oA HH| 34
g AYsdet. A F(Inoculum)S SAEHH 2 vAE ZIAE AHESAT 4
HzAL 99 Sorghum AHEAS TY3tH, 3 199 Bulking AgentZ HayE ©]

£33 A%, A7 APz me A5 EFH] 2 dFEAS HEhAT

¥ 19. Bulking Agent® HayZ 0|43 Eu|3sl Agxd

Carbon .
Moisture
Sludge Source Inoculum C/N
Run Content | pH )
(g) Hay (g) Ratio
(%)
(g)

Control EH| ¢ 5000 1500 300 60.3 6.6 28.0
SF HH|&t 5000 1500 300 59.0 7.1 275
EB FH|g 5000 1500 300 60.7 6.9 27.1

EB-SF HH|¢ 5000 1500 300 57.6 6.8 25.7

P-EB EH|& 5000 1500 300 61.7 6.6 28.1
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(t}) Bulking Agent ; Saw Dust(F%)

Saw Dust= HH|8 FA Fold FAEQ gade Ea7t & HA Fo}
a3l AR e 717ke] £ V|7 Bed L /A dov C/N RatioZ}
200 o] e gade AL s FINF Z2e FA 3T F
glth. wd a7 A el AFF FHE AN Qo] FHustelA go] 29|
T g Aot 4¥z7e Sorghum AHEAS S8 4 F(Inoculum)
sxEE 2 nPe E0AS AEEAT £ 209 Saw DustE o[ &% 49, &
zto] ARz wWE A5 3 2 43 A& UEhG.

>,
*

21
T

¥ 20. Bulking AgentZ Saw DustZ o83 Hujsl 4=

Carbon )
Moisture
Sludge Source Inoculum C/N
Run o~ Content | pH )
(g) Saw Dust (g) Ratio
(%)
(g)

Control EH| & 5000 1200 300 63.7 6.9 378
SF EH|¢ 5000 1200 300 61.2 7.4 36.3
EB |t 5000 1200 300 61.5 7.1 35.2

EB-SF Hu|& 5000 1200 300 58.7 74 31.8

B Ao A ALE3 FHuls uhgze) diEs AR a9 73, 1 89
Jephgith whezE 6L Sad 5& ol &dte] AFsAnt. 29 stdel Air

TR 9% 228 BEo 4YFE 37 TRE AAL 7} ¥He g3 ¥
]

zoznt sEE AL FAdr) A5 AL 5o uigd Aol A sk
ez AAo) 77 2% TFHEE sAh = HHEs S BER
Qg £EEAS BE] Yokl Water Trape 53 ALH o2 FEFHE IR
om 2719 §%Fe Air Compressordld HeE F71%& FAsd 1.0 L/min
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Walk — In — Chamber (357T)

Temperature
Sensor

Water trap Air Compressor
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A 24 aTAe 43
CEHAYY] WAAE B¥E 2 5497

deseE adsAdEAdd 1A AAAAA 2PsE 12 S8A
(Primary sludge, PS), A&dx HeFHANA LAHE 22 £3A(Waste
activated sludge, WAS), @714 43T ZAs= A3tE 2 A (Digested
sludge, D-S) z28]lx 1x&8 A& 232 A
2 (Thickened sludge, T-S)5°] 3ttt Z+ L&A TgHo| Jd& MAEY &
e =99 7, A 2 d548% 24 28 we 42T AolE UE
doh el B A7 e digdes €4 <

79 54L 2AZAE Fotel Asar

N

7b. A€ A WAL T

g A Ro A FFT £ g "AELE By dgAHezr Ad
(Bacteria), 9452 (Proto—zoa), 3% &(Metozoa) 3E7 FEZ o) o]
= 23] ATF7 SHFEY F7ES F7ER itk AsATIR A
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ol gad o3 Bagolxw 7oz wHA HUE s =2 FAHEHA
AAge) B%E AXGT Yo uud, A, GrE S B A,

(7}V) Zoogloeas:

H ol AEAYANNE Z ramigeta, Z. filipendula?t Zd 3 249
FAE 12~4me) FFelw Ad FHe T Fge FFe JAs

d

A &7t 1 YRR B £ FE Bdo g FAg.

715 500~1000mm AEo|W  Z  ramigerad FAFL TFEEYOIE, 2

filipendula®) A& YEX Yool T F3te] Ade] 7b53tth. Zoogloeas

& BODE—*@M g AenRg 2 AS gFod Fdsiy] B &o] 2¥T 1

o AYFe vnEy J5Fd F2L Jved. 38 2 Fo) S8 Epistyliss,
A

AEs = 497 2ol (¥ 9).
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ol
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o

Opercularia=;,

a9 9. Zoogloeas

(W}) Beggiatoas:
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A%l Aue THT F Ak OB SA LA @on YIS B
gm0z g/ tow FART. B S A74 Uzt 49e Wysel 3
Beavt o A4 Ho 2@t 8714 FHze Ado] o=AE
Psw 2457 e 54 et 345 2Ae S4374 dHE

Metopus%s, Caenomorpa?:, Paramecium?ol EAlo] #a=e 2o wer &
Aeex 2 QBT E A9d glo] BODR&7 31 §&44A7 Ag9E 238
dA AT B go] gFor A FAMHE ey FAT A

U BOD7} 56mg/Lolds WeblE 2-¢7F o (g 10).

29 10. Beggiatoas:

(t}) Sphaerotiusss

Ao AEANAY Z83E SphaerotilussL thREE°] S natans©]
(e}

v} %A 7 (Sheathed bacteria)ol %8tE 1x2~6pg8 AEF TH o2 AHGA
2 PN Aosr|d ATeE BEE DO EAA F4T F e HA
AAZAL &% 15To)4, pHE 58~81 ¥Hlolth £¥ A bulkingd &
dhglglole A B &o| $AsstE A4S SVIF 40001402 HE A7 WdHe
O B £8 §9530 AR d53tEo] B g, BODFEF 52 A5
% g#gom FddHaY 1.
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218 11. Sphaerotiusss

(8} Thiothrixs:
2 &£ F3ATY dFo2AN F2 F5E& Aststa Axe &

S s T 05~25me AMFAEA F 2 g
3o Qlt}h. Thiothrixs -2 Beggiatoa:# 7ol DOS L7} @& oj A
3™ Sludge Buiking®] ¥¢lo] #oh. 22y F4 o] tig AgFalo]l &
2 FH3ES AASH FHE AXNT F JU. F, FATFFY FES A
7l (preaeration) 2 AFSIAFIH F2A o] A HA = Thzothrlx—’—.‘“—q] o3 71)
bulkingS WA & Ut}h B £& BeggiatoaSRUE 2T (a9
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Jl*ﬁ
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S SRR £

19 12. Thiothrix<
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(v}) Nocatdiass

Nocardia®€ N. amarae == N. rhodochrous$l 7397} ®ow wrAdd

o] &3tm B ARATl HE A stsxn @ =3 A X mycoic acids}
o e A2 EAS U Fhetn genz GC-MSH I3 2 A9
n g gass BAEZN 5ALS P 5 vk = N rhodochrous?

= = 1
mycoicacid]l £ N. amaraeRt+ @457t Brh @tk 2 £2 71X 73
wagse Erze Edel AZEF Saumg FA(IALI)AAL AFHA
zo| A Sludge Risingg do7]E Aol & SAoln AHFF SSE /AT
7] WEd M5 e FATE Feedes dA ok scum T ALY
o azAoln HAo] e B Lol U EAstE J1Ed FEASIHA A

44
e scum3 S HA 0}7] Hﬁﬂ/ﬂ: 7‘131-‘%”011’\1 ;‘0”47} Eo| AFdte dead
space”’t FA A @olor (A2t HFE AFAIE AAE = A
Aol F2e22) SRTE #FA st MLSSE w33 BODH3E =
z2L gstuan o=AT F35 7T & JHZE 13).

719 13. NocatdiaZs

(2) M=
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29 A7 2 AF o199 e §711888 YAse A% 2AL LA
ozH e F4L FAANTE dH 2l o4
NA AR 582 A9 mEA A2-AF

AAHoz 7149 Fest BAeHAY A

2E Assls

il
S
N
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=
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b
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D Amphileptusss

o

EAF 3o Amphileptus-. ° 2% A claparedei, A. branchiarum
. Amphileptus%& 43 te] FFE 4 2709 tigE gt Ao
s 715 120~ 150m=E thA AP
3 BS ). Amphileptus%9 745 Ex9 B39 ARE 59
g3tz FEXE EBu¥EA £} do. & 2 Epistylisfely
Zoothamnium&5 A& FAste ARES Hdte S dRTFolH o
o] B Fol &Y AEL

a8y BAEEE Aste @AM ALA Operculariado] A
Amphileptus%o] 13 400702 tFo 2 ZdHste A7t dot ool AHEF
Hol Jzd 9 £ AZYEC] FHALE FH}L AT ol Fds==z &

&o|l ZdA Y MFHde 45 497 g FEoltH (2 14).

¢l A claparedei® A% =7

a

L Al pine bransbipmns
2 Ampbdeit clapoadys

a9 14. Amphileptus®
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® Litonotus%

H4e MEAGYAME Litonotusi 22 L. fasciola, L cygnus, L.
A 299 shex A ARY EFS st
ozt et e Aol FFH EHoth
X9 A7E 10mAF(L .cygnus 500m HE)ZE
NAem 7l Faa Boolw wEgREe F dold o 1209 1 fFewt F

g Aust s ok £2XE FTuRd B4 17 EAEA T F79
= o]

s
)
[>

a
D
>

= 1~292 Wdd AL¢E Yok e FRY2Z 27 3 o]EY T T
o &djo] A3t TE AFTES HHste Aot 2YEE Hol|J} H
= JdAER A 2E SEAdE 2dIA guvh A L
7} B Ao HAE BN FF AT B Fo| $HFEteE Fe
Aol oW Uronema?:, Cyclidium%, Colpidium% 53 @7 #&A=HE 4%
7} 2o, w3 L fasciola’t 8% 1 g4 BODE 10~20mg/ 2 ) 257+ &

(¥ 15).

9 15. Litonotusss

® Colpodas;

C. cucululus, C steinii, C. inftata 5°) Ed%th £ &9 FHz 54

& AT/ APy o] Ao g Ho YA ETY Foflde IH, A
Aol 71RS AEstE A9 F97F vpAh) s A Qo] WA BHY FUdH
Bao 9= Aoltl C cucullulus®) AS AES A7|E Zo] 40~120m, *
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BH~55meZ FolF BY TE Y S 1 Yok FExE FER 1A &
Aste AL Fo T 5 7HEA EAsE 7

g AERE GFeE YA AEZAW g 4=E
W o NETY 2o 30/ A5 AR Ao gLz AFFE A
A &=vl  Escherichia coli, Aerobacter aerotenes, Serratia marcesens,
Arthrobacter micotinances 5°] 5 t’dolth. BOD¥37 0.7kg AF¢] %3}
o o] 7} ol sl C steinii’t Escherichia coliE Hol92o.2 3 A%
FELE 076224 C seteiniiZt 174A F2st=d < 4,00070A & Escherichia
colizt Ro3tA At o] Wi FFolut ELFFTANAY E colit]l AAF 7
Z2o B £ 3 dAFE 2 94¥g st Zoldx Als€th pH ¥
NH4-N¢| 527l 2 5o #Zol TE Agste Brid=
22 #AFAT B o] gFoE FdsE W A5 BODE 20me/ ¢ ©)4<l

357t BHH(Z™ 16).

29 16. Colpodass

@ Vorticella%:

@b Vorticella microstoma

M HolE 35~120ume)™ thE Vortlcella—'—i‘:} YTt Foh gy
Ih2 AT S0 gdso] dA AFEo] vk 2L el F5EE A
EF 29 170 9,1‘3}. g 98 Telotroch® FA3ted Az 48 7
Sl % TelotrochE FA st A Qo2 doh Heldogs Ads T2
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AR aHzFE HYete A= Ido. HEFAdAE Bacillus cereus,
Alcaligenes viscolactis, Pseudomonas fluoresens, Achromobacter liquidum,
Micrococcus varians, Flavabacterium arborescens 5% &7 A%t H34
£xE 25ToH 3TAAME FA3H 3BT }E%(Cyst)% st AY
71802 Hol FFHoE ApEFTh QadF Y 1/150~1/75MAAN F FAEHA|
9 1/375Melstst 3/75M ol oA E A FAEA ¢de Aol AUHUH
A pHE 65~75% pHS o|AdlME F4o] AsidA "ok #4&2x R A=
gho A Z2A1718 W pH Aol F83H FE&d W EC502 Cu, Cr, Cd,
Zn, AI(E), AI(PAC), Fe(dstA28)dA Z2 0.25 053, 049, 0.90, 34, 0.5,
ATmg/ ¢ o}, Alcaligenes faecalis® Hol9o2 8 A$ &2 04704 gdZX
e 2dHnE ¥ DOsEaNE AFEo] tsdita Audy. £F° o
Foz Zd3tE W9 Az BODE 20mg/ 2 o8kl A5-7F BT d 17).

23 17. Vorticella microstomas

©» Vorticella convallaria

A Ee] Aol 30~120mm, # 35~70m, 9759 F2 55~T5m, A7
ZolE 100~500mel™ 1 FHE V. campanula® ™ Fvh. A2 Holek A+
2ol ¥E 08~131 AEeth FEEE Wl 1/ 345 dIdL LATLE
BA g 9xstn gk FASHAY AU AYsdo]l 45 o
gFoz  Zdsy AFS Heldoe=
Micrococcus varians 58 T2 AA%o. £ Fo] Edst= we A5 BOD

= 15mg/ ¢ o3kl A9 BT (¥ 18).

dtd  Alcaligenes  viscolactis,
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9 18. Vorticella convallaria®

® Epistylis%

He AEAEdME Epistyliss 22 E. plicatilis, E. elongata, E.

rotans# E. cambaris©°] W3, F+AE JAF F7) AA2AE 2 g

Lo

A e Aol FEHOE WEZEQ E plicatilis® A% AEY Z7)E= 70~60

m, & 10~20molw] Aol o s 4 Ak I Fol 9w
s 9

ASE FA9 TR}

17 49 FAE FE5sked 4 AFZA 7 ¢l7] Wi A F3x
e, ATE Holdew d=d E  plicatiliseE 3 Alcdlingenes
faecalis, Escherichia coli, Pseudomonas ovalisE Z7 AA 3l o dFH A
BHEo g XY odd 3, Fgudsodx &d3d 3L Microcystis aerginosa
o A FFHM SHstE A= Yo GASHARTGE Y Bl &
A3ty E. plicatilise A 84 BOD7F 20mg/ ¢ o|dtoll % &&3A |4 E. rotans
7} 2d= 9o A4 BODE 10mg/ 2 o)kl A7 goh(a2y 19).
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29 19. Epistylis%

® Metopuss

3

M. fuscus, M. striatuss °]
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¥ 20. Metopus®
D Aspidisca®

Aspidisca®: 2. 24 A costata, A. lynceus?7} 838t A7t giEEL=R
Uate Axe ZZIRRE ¥ £ =Y A bnceusZol ¥ At dlEEFS
A. costata®l 73§ A¥e H¥olH AV|E 25~40m(A.lynceuss 30~50um) =
Auro] 770, 9ol 5719 FE(Cirrus)7t HE3] Qi o)A oz THIFS
A At g gy oe stygw An 1 ZAHA FH5E7F 1] EA6HH
Holdo W AdeE HAFth A costatadl YA SEEIA], LE#{A ¢ #Y Y
(500U/m0) 3 ~EFEvto]lA(100py/m) S H71e 45 T 23 A3 S49
UElYX] gtenzg SEQYR AEogt Aa=Hm o A w§
Aol w7l Wi SAH Y ARAEZA HFeith B £ AF AH2
TE 30CelY, 2TCola ¥ BCoFdME F2o] Erlssitt. AEE TA8s
A& A dol oA SRTZF ZA =9 @A I™ A costata
2 A lynceusol tFOE 2HE o] A4 BODE 15mg/ £ olsted 497t &
o2 ¥ 21).

b

o
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a9 21. Aspidiscass

Euplotes®;

#2=0] WEA TN Euplotesd 0.2 X4 E. eurystomus, E. patellas ©]
239} Oxytrichas, Stylonychia%ol & AE7E d@JA Aol FHoH
Aspidiscaz Rt N¥7} 2882 Aol folslty REF E. eurystomuse| 73
o AT AANE 100~195me Y o2 EWe AWPYSIA| W wjHE BEESA
st gtk FRE 7R Q&4 97, Tt 57, FoF 4747F deH, 9

ne Qe A47¥e dtn Y3 AdelA 1/348E Aozt FgHe] i A

(RUBISSH

T e Aol 54

olw, #+E5XE F9 FU 28% Jo V) SATY. HoldomAM AF, R

ZH, ANEZFE AT B £& BODRF Re A4 TF st

Aut el A4 BODEEE 10mg/2 A= A7 wop e EFU
o

OxytrichaE RO e F38 $£23L& A He ddd &A%Y s4He=
e Ao A9 AT FHSHAAME dFHos FEHIUT AETA Aol
ol A7 A oY sREOEM  Tachysomatrd, Uroleptuss,

Strichotricha%:0] SEA &€t (28 22).
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a9 22. Euplotes&

FH HEFHE AEXHE /I Qlen FF o|EFd o 28T
MRS ARE & 7 B= FASE 7HAZ Yo L5718 ezAe das 3
3 279 dAFTEFHY TH EFS dedl7lke dted ole AEH WK
Al MAE VA BFEoE {F71ES I HEN AERFFE AT A
& g2 TFHe 5EY TAFFE o nAd 28 Ed AEE AR
A, 2F 281 AATETS Hol2 3= HEFFE d
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® MonasZ

M. dbliqua, M. vestita, M. vulgaris\} M. amoebina's ©] %?ﬂ_é}tﬂ 1~2
Mo £2XE ZE Aol FEHoth HEEYA M obliqua® ¥ Axe 73
o= EL7]~‘5 1omAEoln &2aA g2 el o]Fdrh H]EJ o}l o]
ZAsH 29 HRZ AXNAR AL Fn 2 Fshe EE L YA
olth, B &2 ATS AFsE TEA ARZFRE AYgSFrt ¢5d deM=
AAFE AT F@aY. Ag5+9 20 BOD 20~30mg/ £ o322 flocol
2o Hy5E SSHEI EopXE A$o tFoZ ¥ dH(Id
23).

a9 23. Monass

® Bodo%
Bodo% 2 2% B. edax, B. caudatus7t 338 EA L2 2712 AR ZFAA
7hE AN g3l e FHe=E T l}qbﬁ] Aok AZE FAolx Hole

o] ArE 14 AWML &stn & 1AE T Ty Q)
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e A wol FASE B Fol Sastshd AdsE wed
BODE 3ug/£ o) 4o] Atk W74 A= 5 O 2
stol wepA Bolsl TIAN2E)E FHAIE AT 24).

19 24. Bodo%

@D Amoebas:

Amoeba®s 2.2 A. proteus, A. discoides, A. radiosa, A.
limicola, A. verrucosa 5°] &3t B&e 3 149 X JA7HEE
q

243 Aol FEHOZ Amocbad& AW F&o] 27 wWRe] BHEYA mel

@b A. proteus, A. discoides, A. verrucosa

A. proteus® A7)7F 600m RAEEA 2~39 GAIIFHLE olFstH Al
FAL YA A2 B3Eo dnh 2 HP A d¥e
gol WA AAA Uomme dEvi=E REFE st AUk
b A00mAER JHES dwrd o Fu JEse HAdE dEYY AR H#H
o] A&}t A verrucosar FEOZ A7 200im FEoli H RAY 25
2 zk3 glo] ol £FAY YEIHE o AFolE Iy FFo] FAHH
NMES Fa Zo] Yo Holde F2 AFFIU dAFTET HAdH. &

Aol pdAdel gloiAA HHE o5 WY obdjutE flocol 7HEE Hob flocs
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Ba|A)7)1 A ©l22 BODYa7 vn £3d4%E7 wor flocd] Aol A
& o 22 tgoz 2T} o)YF o] gFoz ZrstE MAF floco] B
oA FAE7} A3EA B2 25).

19 25, Amoebas;

@ Amoeba radiosa

AxEel AL B4 0mAECN T TE FPoE 3~10749) A
Jte 7hEol Ytk £EEXE IME JIX T Jdon Holdoeg FE ATEF
A gt BE7)d o8 A} BAste fAxAA Eds 4=
I 59 AA7 @A HW floc ZolAw A Frh WA 7] W
of BAEE 10cm BEE7HA] A5eta A5 BOD/F @4 4= 50me/
(RAEEAA G, ady $EHeR FAsE €L auA BA ool 1m
F 500704 ©lstd W BOD® =t 20mg/ ¢ olstE uepdith. ol &0 FASA T
sbate AS e AHd 7192 AASE flocd] AADEE o= AE A

AN 9,11:}(:1%1 26).

o
Nl)

i

)
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19 26. Amoeba radiosa®

€ Amoeba limicola

2ol 7} 45~55im, & 3B/ml.E T EYS st glon BluF AP
2 93 1o $EEE AT £EHE $Fe] Aue TP Hof gled
AT Bzel oa) $ESHI] WR) ASE 29 Foup HolgezAE F

2 ATHE A BEZ7)Fo 2% go] Eds tFes 29N A
Weksln FAX Asidth B FE F714
Aed F2 2@dsed 53 AdFErE FUYFE & 4

o
Awsie (2 27).

ol

a3 27. Amoeba limicola®
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® Vahlkampfias;

V. ahlkampfia®< V. limax Z$7F Boh ZHS REES st X
Zo| Yo 7HFL 2 Ro] FEHLE dEFA V. limaxd] B AEY A7|=
30~40m= 1709 EWe 7= A AxE 34 ZEgx 71 dud 2%
¢ 31 glom EAo gt #& AR Ju Hol2H F2 ATHFE AANT
o #EZ7F £E floc AAA FF dFoR 2P ol5] ImT T WA
o) 2dsA HA flocol 27 Hol AgFrt HaAn FAEE 0molstE A
Zl4 BODE 30mg/ £ ol 4e AzF +4& vehiA do 28y £ Fo| +34
oz ZAae A% A BA gor #EF FHE A g B
S FG $FE AA FozA 24T 5 U

3) FATE
(7V) Philodina4;
g2 2x4d RHA 7| TEEES Frh. FuHCorona)2

Rl
< 149 d3e gARd UHA dx AR 249 F& WEH olwEoR
a9% st Q9 v @ 9ed gom B9 =rE 300-1,100mE T
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@Yo g7, u
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19 28. Philodinass

4. @< nYL9d IH

gAEHAA 2N G AY Aefol] w2t dee vAdEe] 3
FEE A IHRHE FRIAEU ot BAHA} 42T A dEud=
g A vAE, FHY BASHA WAE, AT GEUAS W UE
dE @34 EYA nAd otk A9 22 AAEL BEe Aoy 5, E, A
SHE ol Adstn e Ao dvjFoz #FsH, FI|FFHo8 X
b Be@ dACANE 4R MAES A9 BolA g1 A2 WEF B

of #AHE ¢/t Bt

Bu)

M ox 1o

M E PIzke) BE Ae 2% MAR ofelulzt thy molAut 1

g obelulrl ol4E AEE B

* e AL & F 9gon &£8AY flock 7l
ARkE A BaEe] gtk oy S4E XY AUt F5E FdE 4R

h=th@d floc Bolx @ & golglz Yo glo] duA #Fo] Folst
H 2 Ferh AdeA dehdoh oled AEe 3 ddedA AEo] WF
Bolm AP AFFY FATES st gow FHY €A HE2 &

EASHE A9t gl

L

gy MEEF(EFEY €832 AE) Fol e AE v HFEAT
A-ole 7)1z U Eexd ol d@sirt dojd wirt gk old Agole
Bl Wiyt AAe LAEy] wEe] Fr|x wE
of %t}
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g SEUASE A¥nd A 1GAdNE #A5 Fo vAg A77E B7)
w o] ojd] Hgatel FEste we el ATFIE Bol BAAR. o4 o]F ¥
galolss dAsted A 2o ARZFHU F9P HEIF S0 47
3 Z7batA "k Al 2@AGNE HAE YAE o= AR FAY AVE Tt
A &2A Flocog HoAu o} Aol Bt FHEA HHZoMRE
g7 etgte el £ds 2 e oFE Fob Hed WA TS

g7 4B 72 AFEA Solrhe Ao €o| 2@ st Wk A 387
e 223 %3 =249 Flocol 1R Agats 1A Y2l
g4 2daA Do

] %{P‘é, = Hl%}“ ’5312] BE %%’3}
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824 Aede A 13
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2l setol Zr)z eAYUE Hore
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E 21 @4<8A HYdd 2 A vAEY FH 2 SA

A7 wAge

EERY s o QY o] =4 LAY 2
o T
ZHE & -
s929 At Vorticella, 552 Z71z2 EFY 1T 1000744 ©f
= =
s Bpistvis, | oo g [$9 AEEAT CE0] 80
R Aspidisca, | S oo Sz agm gaage) e qow
(@B AA) 2 o] A}
Rotifer 5 I
wEAYE 5
R, CeBOic(’)’d )50 285W floce] YA
St A ST X AE)T 0 , ) ] =
° LP,,,H; O_krc O | wy HAdxE |2 o osHdSuE A4
= 1Komonas, - = = =3 -
s e a3 1 25 2 9 TASES A A
(B &4 &2 XA) Cl(:;Ion;s:: Gy HE 2Eo 4980 B
podas
A& A AH7F  Litonotus, AA3] FYgR (o5 AEo 1Y AXE ASEA
R R RS Euplotes, | Sys E89 |[enz@Esmoz 3 ASE 9
3 E2g o Amphileptuss uAE <
N = AZo) =% AAY =4
gASe A7 BA Arlnma}; 3t floce oAz WRTe &
eEm RN 0% | gasmEm |47,
AT o Radiosa, R R . i
T wasaEd E7%e YA
Philodina 5 A flocHl A2 AAT + Us
Thiothri
. P o ARFGERIR)  |SVIZE 20001822 EHYS o A}
Bulking " S MAE  |[AnAage) AW 2ol vehd.
ocadla &

Beggiatoa, | %<& 44 E |0)Fo] JEE FREAAN} &
Motopus 5 | Eolste MAE (A& et 37 S8R

FEUE $H

Amoeba ¥ 3
7Z 7] A . *5F DO7} 5ppmo] dAl &4
O T
Acella, - _
BOD¥7} e oo |dEON e W AAEI Aoy
Zoogloea, T, l?_E'_.'rr 1o il
‘7%'% - al %AE‘"E— L}E}D
O = = H]UE
TSI, LT
Algtell B &)
AT EL Aspidisca’l 33 #433E
SAEEY FYA =454l

Aspidisca 2] A 27 o v A5, &%
ZAgAo] Fol |FYHAS =3

I

AYEES B2,
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e

Vorticella Opecularia Epistilys Carchesium

Zoothamnium Aspidisca Tokophrya Entosiphon

Copepoda Tardigrada

atl

a9y 29 FAHE 5 9 Sdste VA=
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Euglypha

1a

Difflug

FEplotes

Arcella

hrys

inop

Act

Pleuromonas

ikomonas

0

Zooglea

um

Cl

Colpoda Parame

mwm

Colpi

ium

i

Cycl

Uronema

2

A7k

e
T

3 30.
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pmpa
e

Amoeba Peranema Rotaria Oxytricha

Philodina(1) Philodina(2) Stentor Coleps

Blepharisma Arcella Centropyxis Difflugia

a9 3L AN E=E AL Vvrt 1 we mAE
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Lecane Colurella Monostyla

Fuglypha Lepadella Euplotes

a9 32 F9F vk dgd $e 9 dede vAdE

% l'
| ! 'x
|
,'
/q% A
Ef/ <. \ I x‘
LIV {31
oy oy o)
L o
Sl
A 4
|
Bodo Monas Peranema Ameoba
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Beggiatoa(1) Beggiatoa(2) Beggiatoa(3) Beggiatoa(4)
g 34, AAARSA o Jehvdes AE

Sphaerotilus Zoophagus Fusarium
a9 35 £8A7F Faldw JeElhve AE

]
1
|
i

Litonotus Chilodonella  Amoeba radiosa(l) Amoeba radiosa(2)
(a) M8 3 FA (b) #AZ7]14]

a9 36 AYF FE(@A 9 FLF7D0A 2dste Ve
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o AddE gq3d B¥

o Zoly FEEXANAE Ay FhHE 8 AES ol&dy
M &S H71EY MFdETE “Biosolids"she 8§12 AHS-3
. Biosolids®] 2A%HL Hxog <tAg U 93] AA=HT, 1 FE
o] uwhet gttt AA)71A] Biosolidse] <t S diiEA
g1 230l & E @714 8 8 BA AT AL
olm 2 9oFA4 3 & Land applicationdt At & ZA$- wl$- F83H, &

o pam Ad AZAR A4 A Fe AT B2

Tl
(MU A\

£ H £ g

& rlo

rir

r [¢]
o
ok

=
foi

o
ot

+

2

o
oX
R
ot
o

34 B 53 (USEPA)S 1994 3t A9  AAEd  #3 ®(The
standard for the use or disposal of sewage, 40CFR Part 503)¢ AAHAHY. &
P2 Ag, AL, = AF T AT FE BAF AA FFS =
gJqomz LAY LPEAS Hoi FASY gHlE HEA AHge dF
317] 95ted AAREY o] HEL Subpart AdlME £HAE AL v &3
=d glojxe dwmrES AAEta ¢lou Subpart BolAME EGAIE, Subpart
Collide €elA9 vy, 282 Subpart Dol Hed H HAT w74a Ao,
Subpart EAlE Azbo] theh AL g3 ol ¥ 229 Subpart BellA A s}
T QE £AY EGATA 2P EAY FAE YA olHT 1AL st

A5 o) &8 AL ezo s e, e FEETH B
A7+ S FA3 T, Vector attractiond 5 HHoz 3 At o 7AY
Subpart DelA& Indication bacteria®t Hd ol wtg} Class A9 Class BE,
HAF® opg FEFEFHFE] wil Exceptional quality(EQ)S 22 T3l
gith. Class B biosolidsE Fecal coliforms7t 2x10%g dry solide]atel &&l A 24,

&

[.‘
ol

ok ¥

Fecal coliformsS RUEHZHAY, HYeTE Frjdez Y F de 4
(Process to significantly reduce pathogens, ©l& PSRP)Z-2 o]d] 4&3le &
RS o] 83 FAL WEY F Ut PSRPEE Fecal colifoms®] REE 2-log

2AZ e 37148 H7AAE, 271, Hulgl, ARy 52 &

2
F Q.
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¥ 22 SpEEX e EGAEE AT LEEZY s

Max. conc. Cumulative load Allowable conc. Max. annual

Pollutant = /e (kg/ha) (mg/kg) <k1$1?a>
As 75 41 41 2.0
Cd 85 39 39 19
Cu 4,300 1,500 1,500 75
Pb 840 300 300 15
Hg 57 17 17 0.85
Mo 75 - - -
Ni 420 420 420 21
Se 100 100 100 5.0
Zn 7,500 2,800 2,800 140

Source : USEPA, 1998
Class B €88 A% 73] te wddd ¥dstnz A saEo|u,

222 SoE A&l xﬂf&ﬂ At BH HUAE Bl T 7o) Ho} HE
134 & AL Class Aol slgsbe @7 74 AL wEdob @l

Class AdlA Q3= HYd 5%

¢

O

Fecal coliforms : <1,000MPN/4g-dry weight
Salmonella sp. @ (3MPN/4g-dry weight
Enteric viruses @ <1/4g-dry weight
Viable helminthova : <1/4g-dry weight

EQ¢ 7Z$E Part 5039 Fa&ol #3d 44 T4H Class Aoﬂ Fote W

7 9 Vector attraction 4 EFE 53 499 EHDPO}Dﬂ o] A
o}, A g g REY ST EAHTLE SE
o EQEFEY £8AE 47 HdsMe T+

ash

ool & AFeIAE Ade] BE AT BEE BAste] Al EAs
4 vgEe 548 BASAY 1 29 48 ¥ 2% 2gon o
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Ade wet B8 & o & 259 vjdE] S5 AL 42U o
5 tﬂiﬂﬂoi B Adrd didEe #7 gA dEsen ddFes

T HABEY ZFo] AT AL A% MAF7 BA 2AEUAH B} S
XH ZTHo we T £XE A¥EY sHAY FTHYH AAT
Zol& Holu duwtAd o g 13 A9 FHSHA AN CH bt AATE B
oz AE e 2geAY At €UA 232 AP EH%HL«I A}‘Q E}
Aok vlaA oiFdEe] AAFI A @A A
EoE AW ddEel o B2 AL

@8 1 w0 oY) BAEHAe E 2EE B OhE, A A9 14
A 20~30%5 UEson 59 A$dt o 55%9 EL $EE B

o} ole} o] 1A SHAWAMRY A WAN T BEE0] H2
olfre uidTel BAEYA Al=gldA tE mAEFHS AARA, #4535,
HolA T 89ld VAT AR AmHM FH AFH] B ALY =4
Ueld ol UM AW nheb o] digd Aol A Uz U A
Fate] Aol FUHEA Jidste AoE dAddEd. T FA st A
WAE AAEEL &, 7HE, AgdE 96~98%, AEFAE 91%E YEHH.
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% 23 A" B 7 AN dFIEs A3l

a4 A9 5 )4 #4%(CFU/ml)
12} €8 A 630,000
HEgA £8A 130,000
49764 (2)

&2 ESH XA 740,000

A3 €8 R 12,200
12 €3 A 920,000
A3 &2 510,000

79799 (4 2)

=2 £ A 770,000

A3 €8 70,000
12 €8 X 810,000

H 34 &K 210,00
109119 (7+2) ] _° 7 000
= £94 690,000

A3 £#HA 28,000
12} €94 570,000
H&A &8 A 170,000

129(A <) —

&2 S8 A 640,000

423} €8 X 15,400

. AdE AW {F71E FF A3

SeAe ol BAFE 5sdAE SeA FH AL o 4
39 Aolg math F2 IR SUAE BH FY, AVRE, 2YH 5450
, 2

}Aam WA e FSo

1AEHA 9 3ty A2 ARl see 9

wrow diZf ARsIZE vad &l FVIEE FAH o vy,
AEo] RS AAse HIEPZEHAY Fv=
Z Q3 R folstA gemz 23d AT Algle] AHE
2 wadgu guh gt £ FF Add mE SHAY frIed F
st wsls B 14 HAAHA dad 5

ot
2
(o
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AZAL 717 5 12 £8A9 TSE 89 36%=2 7M1 =31 7H&ol 22%=
71 vk B84 AE 23 Az A5 £8A dE2E&Edd wE} vEI)
FLHAAT TS 1.1~14%HH ot FFE€HA GA v5x9 &1 =39
el TS 23~31%< ¥AE Uetl Adel o3 93 248 4 gl

49 ~649, 108 ~11E9EH 7189 AFde 4FF £4A9 TVS/TS, &
7180l ¢ 0%E AAEPen wE 789 ~94 (A8 BE A&HA A9 ﬁl
A HJgod 4FF/ LA TSTHHF E VSTZo] ti vA SAHIL
] TVS/TS &% oF 50%& A3lste Aoz gt 8 AL Adde
A7t kA sl B AR o7k 22 TS ¥ TVSE

oft
tio
i
38
=
F
?5’

o2 ALKHQ AT FUoE U
7bs, Aol S AZE HlaA A HIL EF o
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A8 =
a YA FF TS(%) TVS(%) TVS/TS(%)
12 &8 A 26 1.6 61.9
HaA4d £8A 1.3 0.8 65.4
449764 (H)
= €8 2.3 14 60.4
A3} 8% 28 16 585
13 €8 36 1.9 51.2
~ HEA £8A 1.1 0.6 52.7
79794 (o &) -
5= £94 31 16 51.9
423 &84 35 1.8 51.2
12 &8 A 22 1.3 57.7
_ A4 £8A 13 0.8 63.2
10287119 (7))
2 £8X 2.4 1.4 58.7
23t &84 33 1.7 51.4
14 €8 A 34 2.2 64.7
HE&A &7 14 0.9 62.2
12€(AL)
& &8A 2.8 1.7 61.1
423 &8 32 1.8 56.2

2. WA ZAL €A BETH 54 13

7 BAAE ol &R SeEAY AR aH
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o] WAL ZAL A 8¢ 28)3tetd A W3EE vl Frhstdo £48E 2 pH,
TS, VS, SCOD, S-Protein, S-CarbohydrateZ 4 A] 3} % t}.

vhebdnkel o] BXA<E A9 pHE #
7bgtel uwhet wiw|gt HAAGS E‘Ri—étﬂ, ol AAA &A}Oﬂ -2}
7t F7hsel 7191% e

gs & F At E 2 ﬁ?Oﬂ’ﬂl“: H%Ol g2 £4XE di
A 2 AARAZAE AASIE 7] Wi o AEge AN /U1E 7HEs ¥
b2 fstd TVS 1g9 7H83 2 & dE SCOD, S-Protein %
S-Carbohydrate®] %(mg Solubilized/g TVS)e 2 7H3ATE Yelygoy
Control(#AM w|Z2AL A &)7} Blw37] $5te] Controlt®] 7483t F7ku]& (4
SR FAsAY. o2 Ax WA Ao FIhstel wel 7hgskE&o] FUHE
o gtk & 2% 379 YEbduiel o] InpAAAEE T E4EHAY
SCODE %7] 46 mg SCOD Solubilized/g TVSelA 1kGyZAMA A= 223mg
SCOD Solubilized/g TVSE Controlti®] < 5¥l¢] F7}&g Bom 10kGyel
A= 60dmg SCOD Solubilized/g TVSZ oF 13u] o]4 SCOD7} £58L & &
Ak W HAME A AEgHdEHA AS 7] 49mg SCOD
Solubilized/g TVSelA 1kGyZEAMA = #Hi 693mg SCOD Solubilized/g TVSE
=3 14u 7be 37 Z7beb9E, 10kGyERAME 1,183mg SCOD Solubilized/g
TVSel &8 Controlthd] ¢F 24wje] Z7F&& el 8] E TVSEo] ¢
2% o Be AR AFPsAAT AAARA GRS B4t ZeAd
ZAETH 953 SCOD7F&3go] 5& AL & 4 Utk Ao d} AAHzAL
A FogA A #EEHE AL 1kGyEAMA Controlel] tiu] 71&31&¢] 7242} 5
Wl o} 14w 2 FA38) Z7Vet 3kGy, 6kGy, 10kGyE ZAMFo] F7HstA 71H&
39 FIEE IKkGyZRAMA R BR Fo} b ZAMA & 24~3.14), A&
Az A= 1.8~4TH 2 F3HE RAE &5 At o)l& 1kGye 22 A Fl
e Aol SCODF 7H48t=Eal glge AlAS|Fa ol

9 AgAeHAE THH
" Lipidss #2238 44 23

ong ®I7t golatx] F2

3 Q= vt Elely FLRTFAARES Carbohydrate
&= Wb, Protein® AlEH o] o AdEo] 3}
Aoz 4EA vl gEgA oy £ A YA
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TAA Rl Extracellular polymer substance(EPS)sXWstE #5atd, #HEA4
A9 AAYEFHE Bt F33] F4d & drh ojo WARAEA <A 9
S-Proteins = ¥ S-Carbohydratex E¥ 32 #23 Ay 19 384 YepdHELS}
o] 7S zAME HEALZ A S-Protein® FE+ ControlA & 44mg
S-Protein Solubilized/g TVSe.2 uyelgon 10kGyRAHA & 283mg SCOD
Solubilized/g TVS®Z Z7Itiu] ¢k 68 A= Frists o2 vetgo, w4 A
AAE ZA B@AEYAE 2834 10kGyAAA A S-Proteind A&
ZAbEHA] e x7] Ag dH ok 28u)e) & Fo g Frlete] AEHo] o) A
tElo] Qd wlde] AgREo] s183lE o] T& FI|HLA] ARHOR F
D 5 Aee BgFAUch 29 399 Yepdniel o] S-Carbhydrate®= 77}
HzAL A 8E 10kGyZAHA 138, AR RAL AlgE oF 208 A= F7hste]
A B8 SCODSH S-Protein¥ H] 523 F4& RATh o] 24 BHEHA Y
718 7b838 e FAutdzAMRGE AAARALE AAE AS Q0 52 88
d

F dE Ao FGHAD.

o
=

te

=1
B

5. WA AL wE gAdER|A Y e dsd 54w

radical ray gamma ray electron beam
Ttem (Co(l);(t;r%l) 1kGy ' 3kGy | 6kGy | 10kGy (((J)gr)?t}rlol 1kGy | 3kGy | 6kGy | 10kGy
|

pH ‘ 68 | 681 l 679 | 679 | 678 | 641 | 633 | 628|619 | 617
oo | |5 us| 1| us | 16 | 1| 1s | e | 1
V » T\TS(%) o _05; 058 'Og" O%7~ .0}52 IBGT 1.06 103 1.4 71.04
mg SCOD $plubilized/g TVS % 223 | 3Bt | 491 | 64 9 693 | 781 | 1,011} 1,183
(times Solubilization of Control) (49 | (77 | (108)| (132) (141|159 |(206) | (241

" mg S-Protein Soubilized/g TVS | 2 s | |, |

29 1 W | 3D
(21.3)|(26.3)| (276)

Com 234 | 283 14 229
(times Soluhilization of Control) 1(3.0) 41 | 63| 64 (168

|

mg S—Carbohydrate Solubilized/g E
TVS b9

(times Solubilization of Control) ‘

l 741 9 | 14 6 |l |14 110
;(5.1) | (78) | (105)| (130 1(184)| (187 | (203)| (19.8)
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30

times of SCOD solubilization

times of S—Proteir
solubilization

25

- --- Ogamma ray irradiation

Belectron beam irradiation

30

25

UGy BkGy 10kGy

Irradiation dose(kGy)

AR ZAL] 9% A £ 9] SCOD 7183

Ogamma ray irradiation —g
"~ Oelectron beam irradiation "™~ % ﬁ """" 5 e
%
e
------- O - I e
,,,,, %
1kGy 3kGy o6kGy 10kGy

Irradiation dose(kGy)

M zAbel o3 &4 <8R 9 S-Protein 7H8-3H&
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30
O gamma ray irradiation
% 25 ” Clelectron beam irradiaion
Lo T i i T
£5 = [
L= . . N -
SR
| -
x5 10
° 3
2 5
E
- O N I 1 1
1kGy 3kGy BkGy 10kGy

irradiation dose(kGy)

a9 39, AL ZAL] o3 84 £ A ¢ S-Carbohydrate 7} 3 &

% 26 WEbdure o] HALA ALY % wEEHA e Eesed 54
2 A¥rd pHE WARAZo] 1kGyolA 10kGy= z7}ebe) wel 7AupAd A
5 X9 A9 6814 6752 AR 2AIG £8jA9] A¢ 62894 6052
198 pHZ A S JEhig e TSe TVSE WAHdEAe & FasHA 4R
zo oxdQch BAZRALE 98 Control £#Ael TSE 293%, TVSE
131%2 TVS/TS H]= 45%0] 1 AAMZALE $§ Control £21#1¢] TVS/TS
v 65% A AAMZAIE 98 A TVSHFo] 4538 58 & + o
=3

o o

o
jud

SCODe A$ %7] Control(50mg SCOD Solubilized/g TVS)Hu] 10kGy =4t
=222 (569 mg SCOD Solubilized/g TVS)E Hl@Al SCOD¥E7F 118 ©]%
z7latg o AA AL FEEEA Y AL 10kGyFAHA(1,066mg  SCOD
Solubilized/g TVS)ell Control(239mg SCOD Solubilized/g TVS)H¥| 45 A=
Z7lse A0 2 UERY SCODEZ oA AAMZAIRG #HebdE2AE | &
a3 Ao Uehgth ol 10kGy BASHAY AR tha BEA A7bEC
Ao} Awd o2 S-Proteing 7w zARAl Ho 5ul, AAARAAE HA 9
], S-Carbohydrate®] A-$ol=10kGy #rhdzAMA] HiL 10H), ARPAZAMAE
A3 158 ooz e geldzal sEEyA R AAdRAL FEEHA
S-Protein® S-Carbohydrate 7}&3-&0] £ ZARHAAT. 53] WGy dxA
zAb8t s2ae]A 9] S-Protein?} S-Carbohydrate®] 7h&3h&0| FedAA =o

¥

L‘i
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tlo

& S ok d 40, 19 41, I9 42).

ozH ABHEUA 2 5 =
AN ARG E ARAAEAL FEEAAY SCODE MG h

= =
B 7128304 9 184 Aor B,

=

2. WA ZA) mE 5% SuA9) B U

gamma ray electron beam
radical ray
ftem CKGy |16y | 3Gy | GGy | 10kGy Gy 1kGy | 3Gy | 6Gy |10KGy
oH 681 |678| 676 | 676 | 675 | 628 |62 | 620 | 611 | 606
TS(%) 003 | 20 | 286 | 291 | 29 | 284 28| 280 | 283 | 283
TVS(%) 131 |12 12 127 | 1] 186 |191] 185 | 187 | 185

T4 | 843 | 1,034 | 1,060

180 | 326 | 49 | 569 ! |
B1| 35 | 43 | 4D

(36) | 65 | ©3) | (113)

mg SCOD Solubilized/g TVS
(times Solubilization of Control)

mg S-Protein Solubilized/g TVS %5 60 | 100 | 130 | 17/ U 127 0 207 | 41 A3
(times Solubilization of Control) 17| 28 | 37 | 6O B8 | 62) | (75 | Q0

mg S-Carbohydrate Solubilized/g TVS 10

101 9
(tiems Solubilization of Control)

29 76 8 | 106 | 131 | 142
29| 61 | (16 | 10D 93) [ (115) | (142) | (154)

15 —
5 O gamma ray irradiation
= 12 - Oelectron beamirradiation =~~~ --~==~"-~"~ -
N |
- — |
o
w
Q
O 6~~~ - ----=-1 -1 [~—~~"
@]
n
S 3 |- -- - -
w
(]
1S
: O 1 1
1kGy 3kGy okGy 10kGy
Irradiation dose(kGy)
18 40, B ZAY 93 & £3R) e SCOD7HE-8hH&
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10 -

(O gamma ray irradiation ’——
8 r Oelectron beam irradiaton ------~""-"--- -
=
2
556 - : — :
a s
| ©
n N
“— : 4 - e = = - - PO - - — - - T
o
0w =
® O
E® 2 = : - : :
0 - i L L

1kGy 3kGy 6kGy 10kGy

Irradiation dose(kGy)

213 41, WAL ZA) 3% B& £2]A 9 S-Protein 7}8-3HE

20
l O gamma ray irradiation

b | Oelectron beam irradiation
© 15
°
>
L C
o ©
=% 10
= . L
«©
o =
@5
59 5 - - --
w
o
E
s O 1 L 1

1kGy 3kGy 6kQy 10kGy

Irradiation dose(kGy)

3 42, AP ZA ) 93 5= £2{R]9] S-Carbohydrate 7}-8-3}&
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FH B AFNNE gopd zal] m2E AW 34 A5 P
9Jate] A AN ZAL AEe 2Z&0] HEWEE [CP-MassE o] &3
At 1 A7 #E 279 o] 10kGyE A ZALE A% A& X9
< WAMAS 2AEA] 22 A& &, Control® H|ZSY FF459 =71 v
SAG A e R FAHNSLY 53] Cu, Fe, Mn, Zn® %71 WA
A2kl o8 433 Yol s AEgE BT ole WAMMe] EFE I o
EA &9 94x -BA9e] AtolelA FHas -FEd 5d -AxpFAAAelHa
1= 3380 AojUpA =L JqURAS A AAE Eolymz pPgFoz
o] &3} Zgo] Aoy FFE BE7} ZAdE AR BoHT E3 EEE
Ao ARl TEFHY TE7t Hb\w o ZAL A

5
2% BEh ta @l 5450 o8 SAFD Yok

oM. -llN‘

>~}..>.

ol
g

o

E 27 b EA AR EAEHANY TESY wENE (-5 *=ppb)

==
A=

As Cr Cu Fe Mn Zn Cd Pb

ENRE
Control 33 146 545 | 40,647 | 1,838 | 2917 44 151.3
10kGy 31 124 451 33113 | 1,536 | 2,313 4.2 151.1

Y. HF ARAE H7HUltimate Biodegradability)

WAL AL 0% dldAdEeX|el wEEeAe] HE AT Hrte e
gz23E A" Biogaso]l 93 I wrgE FARC g wWyoR
BVS(Biodegradable volatile solids)®] %S &A3}Aem o]& 7]|2=E Graphical
statistic analysisZ o|-&38le] FFAEHE Faldvh 2 A 19 439 YERA
Hlg} Zro] AAAE ZARIA] e HBHEEA(WAS)E 40~6045 714 A
o 24843 HAFAEINE Fe R AHEHS 7o R § A5 S/ ratiod] FH3t

Al 49%9) AZEREANES e on, whgxe] FAAE o8 A% 50~51%=

vehgtl E=3 gaddse A 1, 3, 6, 10kGy HHANA AxAE A €9 A
o] FFAEALE BiogasE 7|Fo2 & AL 65~72%] HFTARIAEE Y
ehi e wEb ARAZARR A 84 X9 A=V AL RASA &
& HBAEH A vlE % 15~20% ol =A SAHA
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9.0 = Biogas 71&Al S/ ratio®t A#§lo] 49-53%<] AEIN=E e
HFeZ o] HAXE o] &3 WM ZrupMdzAbed uwiel AERSEIF oF 1~
3%V Zrbete 4TS Btk wEA ekl AR @& A AL
=7 e ZASEA ke HBAEHA O HE 7T~8%0]d FEANE Fl
71998kt obeE AR el ZAbste] HFTYEAE AP ARET
A8y &eAe EAol tar] g YA FFH wE AFTARN=A A
B3l BaE YA 2 A3AAE EYE H84 A ARAE FE2
ARAZAE Az R AZ2EHR ] BRIE Fgel 28 ol 71943}
5 & o}

3o

nl
2

al

08

.

06

04

TVSe/TVSo

02

00

1hime(day—1)

10
1kGy
08
06

04 t

TVSe/TVSo

02

00 : * :
00 0.1 02 03 04 05 06 Q7
1/time(day—-1)
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10

08 1

06 1

04 |

TVSe/TVSo

02 r

OD . 1 L L L L

1Aime{day-1)

10

08 |

06 |

04

TVSe/TVSo

02 r

O O 1 ) L 1 A il
00 01 02 03 04 05 OB 07

1hirelday-1)

10
10kGy
08 t
06 |

04 r

TVSe/TVSo

02 ¢

O 0 ! | L L
00 o1 02 03 04 05 06 O7

1Aime(day1)

a8 43, AL 23 & A AENE HIHS/1=05)

(w Gas base, OMass base)
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TVSe/TVSo

TVSe/TVSo

TVSe/TVSo

1.2 S 12 -
10l WAS-Control (0.5) ] WAS—Control(1.0)
08 3
et
0.6 £
w
0.4 2 04
021 ~¥mas TETgas 02 | —4—mmas —&-gas
0.0 : ; s 0.0 ! L o | |
00 02 04 06 08 10 12 00 02 04 06 08 1.0 12
1/tirre(day-1) 1/time(day-1)
12 e 12 : - -
10| WAS-XGy(05) 10| WAS-3KGy(10)
0.8 ‘i’ 08 4
> »
06 ¢ 5 06 |
S
0.4 ~ 047
0.2 ——mas —H—gas 02+ —— mas —&— gas
00 = - b 1 - L - 1 1. 0-0 Lol [ R I
00 02 04 06 08 10 1.2 00 02 04 06 08 10 1.2
1/t 1
fire{cey-) 1/tire{cay-1)
12 e 19
1.0 [ WAS-10kGy(05) 10| WAS-10KGY(10)
0.8 o
[4p]
0.6 e
3
0.4
2 =
0Q ---—"— 4= -4 Lo b 00" L. R B
00 02 04 06 08 10 12 00 02 04 06 08 10 12
1/irre(day-1) 1/time(cay-1)

aY 4. e S =AM 84

-2
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v
)
1o
o
i
:Oé
o
N
N
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a7 450 vebdntel 2ol AAME 2ANG FF5EUR Y AL S/I ratio
0504 AAAE AR F& AseA 9 HFAE

Jou AAHL FAZ 28X AL ZAPM ST ER3HA 59~62%2] 1
w3 4T HFARAEE U wEby AL E &
AENE7t AAAE ZAeHA] &L FEEE Ao b8 o 20%°]d AES =7}

S7rst .

H 19 469 UrEMH}Q} 2ol ZAnAE ZARE FH<YA 9 FSE 3KkGy,

2 b zAL 3 839 Bek AR&HE A3 Edg

A e ASYUAY HAFALANEE I9%E w¢ A
A= AN 3 BA3EA 49~51%2 ¥

Aot gt AxAE 2AR FEEEAY v

i
AA9 AEAEL BopdE 2ASA ge FLAAd] wa o

ohe? dFY EeAS BAAAZ AT PHHHE A FHEUA9
Sxo] th2y] HEd) WAH FF) ©E AF YRATY mat YA ¥
FeeAe] ARAE Fgo) AAH2AL gepdzsbuc 28 o4 slelsm
Aee o ek

&£e)A 9 A=} FE =
Al GA FaEE FES S A AR

of fFYEe FEE A4A &3] o8E 1Y
o ?___]H]—?ﬂog‘ o] -3} X

A

olAY HBAEHA B3 5

TS 12 €AY A¢ w

= 5
A

1)
2
32,
10
=2
t
o
—
o
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OH“ o
Ay
il
i)
2L
1o
o
U:
;‘,’L
1l
Ny

A, EH 7}&%@%&% NEow &

AZA o7 ARG AL o] &3 A9 HEZHENE FHrbo]l JojA
B dA7xAxE EYE sy ARHE FAL ZulHdzAART A2
ZA7F A g3AHe Aoz AR o)
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1.0

TS~Control(0.5)

—4—mas —&—gas

B N t L 1 L

0.0
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1/time(day-1)

TS-3kGy(0.5)

~4—mas —&—~gas

L 1 1 |

0.0
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1/tre(day-1)
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1.0 |

0.8

TVSe/TVSo
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TS-10kGy (0.5)

0.6 &
14
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1/time(day-1)
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0.6 5
047
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02

TS-Control(1.0)

—4—mas ~&-gas
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1/time{cay-1)
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TS-3kGy (1.0)
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a9 46, ArbdE =AM A AEsiEt
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39 S/ ratio 1, 2, 3%AA AF3F Sorghume] HFAEINTE 13 474 Y
Wl Ble} o] Biogas?|E9 A$ 82~87%, WhEF9 FAANE VEoR T A5 8
5~87%¢ MYz Vet HiHorE FILAHTHE(TVS)Y &%/t A&y
71ZBVS)E FAH Jen TVSY oF 15%%= A8z Fa=7] oz #
ENBVS)YS & & Utk

06

Sh=1
057

04

03 R
1 U?i:H;ﬂ:‘i—/Der

01|

TVSe/TVSo

00
06

Shi=2
051

04
03 | Hig//?
02 H,H/E;E/Et

01

TVSe/TVSo

00
06

SN=3
05|

04 ¢t [
03

02 | m.jﬂ/B//F
e

01t

TVSe/TVSo

00
000 004 008 012 0.16 020

1/time(day—1)

18 47. Sorghumd HZAE )= %7} (mGas base, DMass base)
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FEAAANES AFARINEE SAHTL 7)€ A7EI(Kang and Weiland,
1993)*Y, Sugarbeet pulp= 92~94%, Potato pulp: 86~91%, Brewery grain®] 7
& 76~78%9 ALAEE YEtd A vlus) B u e PRMes
e 3o FFEdS & 5 9o, Sorghume ZAZFEHA A AAHEE Potato
pulp®) AEHAES} fAFeAh B8 srsEA el B hREQ] f71E0] Ao
apgEo] glenz Hridashte]l fU1E8E Balste] ATHOR wwd ot
A2 AR wl$ 71 7S 273} Graphical statistic analysisel] €3k
AENE SAEHY A9 durz oz 509 vlvke 7|7 F% [FU1EC] EAEHE A
HE& EGZ 5t HZFTHo2 32 F de A7 & A3 HER, st
A% 2ol 23 FEF v =¥ 7]F9 B FES ANES ZUHE & &
S Plot3tA] && 2% 7149 HFALIEE B4 F7H 5 Jern= 749 4

A

E
S a3l 3 E AskE AVE Aste Aol ul§- 4T FoE Fddrh

N

o BAAEAL Tl BE FAAW ARAY 77129 2 5H=A

A

dszene) A4S TE 714 A7 B va) Be ARAES} =9

AEES Uehath G SeA] BAAE 2Ase AAHoE £UH AT
g WG A% BAFgol o9 tehtex n@sy) Aol dHeld el
g dgos 954 FAE 2ASNA ARALPS QA o] FaASE 45
g WAGOZA PAM ZAb] B2 F7189 #3) 4L Bk vk

(1) Batch reaction rate coefficients

824 WA AR s el IARASESFel B B

e 4 @ 2,

2~ —kse 4(8)

where S=Biodegradable substrate concentration (g/# or g/kg)
Se=Biodegradable substrate concentration at time t (g/ ¢ or g/kg)
k=First order decay coefficient (day %)

t =operation time (days)
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sto] Alzkel W 1340z EESE te A 10)% 2t

Ao

4 48 3

S,=S,e ™ 21(9)
In 22 = 410)

where S, = Initial biodegradable substrate concentration (g/ ¢ or g/kg)

olnf S;= HAFAENTE 1 AR/ 7129 FEE AFIEH, S
374 gr1FoA HA3 Biogase] ¥#H A4S of&s A A

9 Ao MyAolmz a7 48] UER HEe} Zo] In(Sy/Se.)st AZE tE plotst
o 71712 RH 1S E A4 kE T8 & vk o] ARl 3 E Azl A
In(So/Se)et A7t t= AAE Jehdn, skt & degs 24 I

In(So/Se)

0 20 40 60 80 100 120 140 160
operation time, days

13 48. Batch reactor kinetics ; plot of In(So/Se) vs. time from model output to

demonstrate ideal linear fit. Slope represents reaction rate coefficient k
g AAFeE B2 A In(S/S) ATt te AEHOE AFAAE Y
A

Yo7 v A8 Ho] F7H( Non-linear transition)& Ad F oAl oj$ &2 7]|&

718 zte 22 AP FIHE yEeRdh o] ¥ gk @A Multiple reaction ratel =
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g 4 itk 79 499 Be AITWAE oW 7)Ae 3T

)
rl
ok
o
u
=x
mi

BiEes 7 7ﬂi TR, AANAFT A4 &z w BHe 712
o] B&& Fated o8 Y. o WPE T RS st e, AA=
dASA Zol7t e FrHAY W& EAHH (ki ko), E3AIZEO] HolHA
EoukE FubRoA 9 In(So/Se)?t AR to] ZAZAAM 7]EVE k2 HFF
th olE EBEUZ %7] AR e /1A So)E wE FfSek)E BIAHE
HES S, ¢t =3 SRk)Z BoEHE FES 2 Us F A dvh
FHAZE =¥ BI&EE ke 7] S ME EfAATUY TE5UHAAAN
A dojd ¢ 9 23445 23 (Co-metabolic enhancement)§lo] 48 ks &
A3y, EAAFTANE dIEF € 7 Q*,;q]?jx}%O] s %S F
A FEZF Azl 27 7]1Fe EAwe] &£5AAR ALIJEE o I

Aolth(7} &, Personal communication)™.

0 20 40 60 80 100

operation time, days

9 49. Batch reactor Kinetics ; plot of In{So/Se) vs. time from - multiple
reaction rate coefficient model output that demonstrate typical fit of

actual reactor data
(7H) kg and S2
g 509 ZAolA alalzio] Aojde] wel Uehtb: Fu HYRE

e 2RE B T 4 Yo, o] UL yFoE AFAA e yEHL yo,

AIZE 2049 In(So/Se)E yet sHd, vt 22 4 (12 ¥y,
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where Sz = amount of Sz removed at time t2

So/So = fraction of S, removed at ks kinetics by time t2
yo = In(S./Se) at t,

y2 = In(So/Se) at tz

Slope = ko o

t1 t2

0 20 40 60 80 100

operation time, days

¥ 50. Batch reactor kinetics ; plot of In(So/Se) vs. time, illustrating

graphical technique for isolating multiple reaction rate coefficients.
Sa/SoE AA 71A(So)FANAM A7 keZteE 59
Z2aE 7149 #&& UeiE AR ol EdE 7] S mass® 37
Sy/SoE T F Uvk Spoll i 3% Ak /B4 4 (12)8 2

Sp=15, x e "" 21(12)

where S = S2 remaining at time t2

S, = initial Sy at to

& 714 S22 mass balanceE Wdstn $HE S, 2 Ure] Aelsd, e A
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(14)& €& F doH, olF B3 S9 €88 AHT + ok

SZ - SZe+ SZr é! (13)
Sz (Szy/so) Al

&= (14
So (1—e*%) a9

(W}) Calculation of ki

a9 508 zzolA E3z7Ie veide A dAA AP 7.7
& ko#t 3t3, ol ko= ki B3l EES IS S kol ol A BAH=
Parametere]th. 4} 118 F3 ko® 71&718 ZE uAztelA dol e 7129
F& ZASA H¥E odeF 22 AHE M 4 (189 ol Multiple first

order decay rate¥! kig 7+ 4 U}

S, = Sy e fon 2}(15)
AR S S F HEY Folm, Z B s 8 EUAHA gk
& tgaa,
Se = Sle + SZe é}(lﬁ)
S,e Fh=Se M+ 8,6 R A7)
FHE S, 2 Y, e ho] thate] HedE kel # AL ggy o] ¢
%+ A
In gl —In(e %" — gz e &M
kl = 2 ¢ &l(lg)

weta B AEe Fotd d@deAY s5EdAE LR dAYT

A AAgel Ha AstE RASE K, ke Brhte] B714 234 f7129
¥d 542 Bsng sgn
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pAET BaASESL WoiHyl AgetE dolTUE AR EHSES 2719
/105 %0l8h2 gasts 1EHA $4 debil ole Y& ge A7A
So] 8% vish 2ol RN In(TVSo/TVSe)E Plotd 71§71 2HE
Q1A S EAFRE EEHE PHoE f/14AF 2 AVES RaEY
st Aos AT ¢ 982 e Atk Bk 2 AFelaE 2A A4

AEske] zu QAT 7€k T 2T
7 BaEEs AR "o e 73 7187 () E %s& ¥ o] ke o 85

aAck =3 Alge FRAINFT FIESH)F ke FE2E £ Hﬂc Hu4 o
71 AR & (ST kool =2 =FA F3jE = 7] 2H
7149 EHEAS v FISATH(E 28).

nﬂo
)
v
N
(>
12
ol
ol
ol
£
N

® 98 AANE 2R S5 FeN Y RAEEAF 44

TVS First order decay rate Fraction of
removal o E Ay  substrate(%6)
Sludge | Radiation | at the | UB(%) . . ;
end of Duration ki ( day_l) Duration ko ( day—l) S/So | So/So
(day) (day) |
tests |
(y-ray) - N !
WAS 41~43 42~45 0-11.4 |0.111~0.114|11.4-69.3 | 0.048~0.049 74 1 26
oL Control | T i S A S
WAS (EB) 45~47 49 0 - 218 | 0.149~0.153 1 21.9-47.8 | 0.021~0.022 | 63~74 | 26~32
77| Controt | T 7 o - l T
(¥ ray) i
T-S 37~39 39~41 0-11.3 0.108  113-822] 0.026~0034 | 73~74 | 26~27
] Control _ R | o ) R
(EB)
T-S 37 39 0 - 236 0.123 23.7-50.3 0.001 39 61
i Control R ~ i ) i
WAS 3kGy 46 47 49 0-11.4 0142 0144 11.4—69.3 0.041~0044 | 82~83 | 17~18
(¥-ray)| 10kGy 48~51 51~53 0-81 |0.162~0165| 81-69.3 | 0.041~0.046 | 74~& | 15~26
T-S 3kGy 46~48 49~50 0-11.3 |0.133~0.134 | 11.3-822| 0.037~0.038 30 20
(¥ ray)| 10kGy 47~49 49~51 0-83 |0151~0.153| 83-822 | 0.035~0.038 | 72~73 | 27~28

|
l

IKGy | 6465 | 6~68 | 0-218| 026 219478 0065 | 8 19
was | 3Gy | o8 | 6= |0-197| o217 |88 00 | B | %
©B) gy | 666 | 67~2 | 0-158| 020 159478 oo | W | 2

0kGy | 65~69 | 67~71 |0-158 | 032 (159478 0% | 0 | B

Gy | 55T | 560 |0-28| 0167 [219-478] oo | 42 o ®
T | 3Gy | B~ | G-61 | 0-28| 020 294 006 | H . 4
EB) | 6kGy | 56~58 | 59~61 | 0-197 | 025 |198-478| 0007 58 : 4

Gy | 5~ | B~ | 0-158| 0X6 159478 000 | 51 | 3
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O A FEA Fr|REAEE] A HBNEHA A AAAE 1~KkGyFA
A9E 92929 kg 0.150day ‘ol ¥la) F7HE 0206~0.207day ‘@S VHER
o, 10kGyZAIA & 16¢ollld] AA) ste&#A 7129 65%7 &R 9
A& Erch 2u) 7heF wE 0342day o $E2 BIEHE Aoz vehd A
ZA AH el o3 srseA Axed Ao d 7AE SEAFH 2N T
Ao o) Wme Aol ERHeE o 4BE FYSGHoZ Y Fu Anh
T3 ki RE ZAZANA 0.045~0.055day 'Sl HHE et fEER e
0.021day el uls] 2ujolat Zrbstel Azt e FUFAME FES) E3)r} A
HE Aoz et EHEHAY ASE AAARAF| SHErE 2idEE
7} vlEstd F7bske AddS Rk & x71HEH A3 2297HA 9 kg
1kGyZ AN = 0.167day %, 3kGyRAMA] 0.220day ", 6kGyZAMA 0.255day ' 2l
T g =e ZAMT 10kGyRZAEE £8A)9 49E 0306day ‘2 ERY
AR HTE B9 A3 g e &g Byod, A4y
2 ke Aeel ¥Z&R 9 ko] 0.123day (o) T keztol 0.001day QS ®] w3}
AR AR E A3 2N BAEEA WS SAARES T F gk 2=
2 dreuAY ARARAA BN 2829 FALH AFALES 1203
= 145 gedd AN,

(-')4

%

)..

A 35 A AL FA BHEEASE FrisRy A@24EA
o 3kGyel UL 2AE A9 AL kit 0.111~0.114day o ]3]
Z7}3F 0.142~0.144day ' g+-2 UERSIoH, 10kGyRAM & 1290l HA) 38}
8= 7129 o 80%7F <A BalEErct wE 0162~0.170day 9] &
=2 2IgE Aow Yy gutdz:ib dxeld s s5&aHA ALl
Aggel 91 V1AL §EANPe2A TR o8 we A0 adHe
2 olg4dg FEHHon Yey F

0.034~0.049day '¢] M¢l= veld 23kx3 ?%}—‘?—oﬂﬁ}i 3
= Aoz yeiwth €AY BLE AE4<S

AVEo] Zr1E4E Rl wrt vgstd Fobete 43S Bk &5 A9
KGyZAA = 2818 1297449 kighel 0.108day , 0.133~0.134day ', %3H3
8 92A7A 9 10kGyZAMAEE 0.151~0.153day ‘2 UElstch gl A=
ARAZAA ¢ st AA 2 sE2Edx9 A A4S v oft =

d BeEEs udn 24 ARAzAst Bl H5 seiNd Aeide

‘!—'

ol
B P
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QA (1996)5 S 1S HAY ASHSYAE Ao 130ToA 3023 A
Agste gd 1AENEEE AASQEY, 13 3 AF d€dAY k
(0.058~0.066day ") h®] 48%% 713 Ee&=dTE et er, HE&4dE3A
Ao k7te 1< A FAFE 0.059~0.066day & BAou, AA T
0.097~0.107day '& 64%2) F71E& 2o &£2iA Y AAL 7} LaASE=FEA 2
A 7lodgte wal vk doiE 2907

Lo

rr

F 29. 714 #H71E R Ao EEE A

Substrate/ ~ First-order decay rate(day”)

Substrate Reference
Inoculum ky ks
Sugarbeet pulp 0.8-1.3 0.258 0.071
Potato Pulp 0.5-1.5 0.408 0.043 Kang(1993)
Brewery grains 0.8-1.3 0.175 0.063
Swine wastewater 0.5-1.0 0.20-0.24 0.038-0.042 & ¥ F(2002)
Food waste - 0.13-0.19 - %3 5 (1995)
Paper waste - 0.072-0.075 - Owens and
Chynoweth
Garden waste - 0.035-0.084 - (1992)
Raw Primary 0.058-0.066 -
sludge
Primary sludge = 10-30% 9760109 -
(Thermal treated)”  Inoculation 39§ 21(1996)
Raw WAS (v/v) 0.059-0.066 -
WAS 0.097-0.107 -

(Thermal treated)”

a) Thermal treament condition : 130C, 30min
b) Electron beam irradiation : 0.5~10kGy
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A3 E 300 Uhebdukeh o] BEiA 24} Sexe] TS VSE %7189 ¥
Az qle ta Hass 4 = o ;
ANgaste As A4S JAd Aoz wodd @ TCODS SCOD 25
oage NAE ol gHo] = mwsl @A EelERen
TKN# ¢uujols o4 Z7hste Aoz uehgth @38 a4z $94
o A$E peldzA YA BT T et

e
)
o
PN
o)
ofN
e
2
r

off

% 30. Aubd 24 A @714 At AFe) V1248 24

. . TCOD SCOD TKN NHz;-N
nygm| TS0 TVS(6) pH (mg/ 4) (mg/¢) | (ng/¢) | (m@/L)

start| end |start|end |start| end | start | end [start|end [start| end jstart| end

05026123 ]13107|734|756|16,560|11,760 | 410 | 242 | 495 | 523 | 330 | 498

Sludge| ;5|94 | 23 | 12 |0.7(7.36|755|16530| 5460 | 436 | 210 | 510 | 537 | 328 | 512

05| 25|24 |13]07|735[7.66|16540|16,250 | 524 | 341 | 499 | 526 | 329 | 499

3kGy
WAS 10125124 |12 106(732751116520(12610( 615 | 263 | 506 | 548 | 321 | 523

05|26 |24 |11|05|738/758/16,530 (10,790 639 | 239 | 501 | 545 | 339 520

10kGy
10125|23112106739] 7.6 |16540| 8,750 | 748 | 202 | 520 | 567 | 334 | 540

Blank | 0 | 34 |28 |16 [1.0]7.34(75918,430|17,840| 580 | 245 | 501 | 510 | 335 | 495

Raw 05]27|25|12(0.7(724|753|17,450 14,920 | 518 | 219 | 398 | 417 | 270 | 402

Shudge

10|26 23|12 |08]7.23[7.39/17,460|14,820 | 560 | 214 | 416 | 440 | 265 | 425

0512712012 106|725(7.43|17,420|13,500| 827 | 195 | 410 | 430 | 274 | 418
3kGy (—
T-S 10126122112 106|7.24|7.42117,470{13,480| 915 | 297 | 428 | 465 | 283 | 450

05]27109|12[06](7.25758]17,410| 4,020 [1024| 202 | 407 | 428 | 268 | 420

10kGy
10126113112 106|7.24|7.41|17,440| 8,120 |1148) 276 | 413 | 437 | 278 | 415

Blank | 0 | 38 |27 15|09 7.28|7.39 18,540 | 13,500 | 570 | 285 | 458 | 469 | 305 | 447
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g AR zAGe] BE PR AT 54

() A 2A4AEE MR 97 54 Bt

ALY ZAME B3 ot 2 dukAlae AdEAE A F ostue
A sheFTAAL FE dEsE
of Q7| WEel AN Roh Be ¥ A&s Ashe Aol Festh weh
HA o] WA ZAMAHE AN ARG £3A HFRS aFste AAEE HE
3ta, w3 TE A% & AdITAY wwste] WA AR A8 BRAdE

old] B A DA seFEA LA MEHE s8A
2 Grap Samplingdlo] AR FARAHo] ©rE XA A - o giFET 2 At
2 2AgozA AdasS Wrtstna v dAET e AAss 7
SAFANTHAY HAHTYE ol gstgon, dvATY As T2
#o MAFzA Frstgo. 1 A7 T 31, 320 vebdnaiel o] 1kGyel @
& AFAME AditAld, dFT 25 997/01*‘«1 AAEE et AR AL
7t AW AT, dubAlFe) Abdo| gde AoR vyt

¢

E 3L CBAM =AF AFo] dukME AAF Hs 2 Atd e

ZA 2 CFU/ml A AL (%)

g4 <2 A Control 1,300,000,000 0.000

1kGy 1,040,000 99.920

3kGy 460,000 99.965

6kGy 220,000 99.983

10kGy 77000 99.994

%<8 A Control 6,200,000,000 0.000

1kGy 158,000 99.997

3kGy 137,000 99.998

6kGy 36,000 99.999

10kGy 5,100 100.000
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¥ 32 BAHARA AR g MAse] W3 2 AAEE

ZAZzA CFU/ml A A& (%)
g A< 2] A Control 375,000 0.000
1kGy 1,050 99.720
3kGy 330 99.912
6kGy 290 99.951
10kGy 185 99.923
T =% A Control 840,000 0.000
1kGy 1,170 99.861
3kGy 120 99.986
6kGy 120 99.986
10kGy 30 99.996

(1)) BALHA ZALY €& Ecoli®) Jeisiel 2elshsty S

FPI

AFgHE AU vAEo 93 Extracellular polymer substance
220 B3 AP Aoz APAYA 03%2 =5 Fe Ecolif AL
2 3kGyMZoZ WALHZAME AAEe] Ecoli cellel ezt #2397
S-Protein® S-Carbohydrate® s =%3stE &8t

r
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Magn WD
200008 TLD 81

Maqﬁ Dot WB
Q0KY 30 B0U0x  TELD 6.1 E Lol

a3 51 HAAE 2AREA &2 Ecoli®] SEMARR
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3 aqr\ o
30 5000x . TLD 50 Skay

7 A% a9 51, 529 SEMAMNS Fate] & & Axe] HARAE 2AMSHA
ko Ecoli cell} 3kGy® HIALAE = = B
th &, AN S FAVSHA] & E.colidl otx'u elle 9B E=8d i T+
Bol} 3kGyE ZAg Ecolic LWl ®

celle] Zol= #olzl A& & + At

2o

&3 S-Protein® %% control Bl%A) 5.2mg/L, 3kGy ¥ &FA 70.2mg/LE
134] o]AF Z7}¥ e S-Carbohydrate control B3] 11.7mg/Ll A 3kGy
kA 184.1mg/LE 154 o] F7hE ek wEkA ol Aol % S
el §7187h83s BAARAS a0 wa2e e vAAE] AE &4

Vh
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¢} 3t Extracellular polymer substance®] &Zo] F82 7|ZdS g+ 2

s}z Aprd.
(@ AR 2 58S TP NAE URe 9% AW P 2ApEd B

2 AFgME A vdE d9dS AT AARAMAEE =Estas
stdck. 2 A3 1kGyd @& WA gl A ®

& gleutg o] YutAe] A$ FASHUAY FHEUA EF 99.9%0148 9
AdeS Yello] WAds AA%H FudA 2AAE & e dFEe v
AEEC] 479 F &L HAFAY £ W ETE FRVIAE 1kGy <

o AFIAE 997%014 EL AELEe vEhion
5d FASE 3000/mE DA BEE FEoHd AN AFFL BF
54712 FABE ol 2714 #2A77] 9% 44 FAAFS 1kGyol 52
vhebt

A% F JomE Aris% R AYULE, QE 25F
Qo) BAH HALE 0§ F A AT AQHH, EF A S
EAGL YE IF 471F L A% AN ASHEZ R F A5 FRA

A% PATE 5o FUEED ALEL £ gl ARg BAE 4 glonz
2]
AR Pk R e DEDEZ L £ T )

7h ARAA FA 2 gERzA Ho f50 e stFedA gAela
o Ax/27 28 A7t
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1) 7% 2 188 &%

s A 2AFE 18T o FEFFS 1%E Sole AL A=
/27N FEE HE SACdA - & AAA olds de F |
A4 (Electron Beam, EB) &AF¢} &R Z A ¢l Star Fishe #7712 <& Yehy
=R 2 238 g% wsE grisank. 29 532 47HA TR/ S A
e FREF 2 nPEFFS 0w Aotk AR ZAE A & g
BHZAE FHrbslA & s5EHxE €53 Control el AZY ¥
TS(Total Solid, & RIFE)E= 19%, ARA 2AE A &3 @FREZAR
Star FishE #H7}ste] @43 SF £eA Aol A% TSE 21%, BFEZEA
2 Star Fish #7} ¢lo] AL zAg EB £ A|7Ale]=9 A$ TSt
23%, AR ZAF st SR ZAZ Star Fishg d718 & €53 EB-SF &
gAAo)A A$ TSE 20%=2 veiwth 9o ARE F3) TSt AAD A}
5o mat oF 4%, B4R Z A (Star Fish) TP o) gt = F 8% Ao
Z R 2R A FHARI} Al HA TSTHF Wslo] 3o =
gL HxE AL &5 Ut VSE TS¢ nld iz 2 s g4+
e AAA 24 D 25R2A MW VS A5AFEE Riew 53 25
BzAZ Star Fishel H7MA 11%90A 16%74A 2A F7betdoh. & strs
gA e g5 T £EFHLE Control £elAAlol=Z, SF 8 AAo|=, EB €24
Aola, EB-SF <X Ala7t Z42t 81%, 73%, 7%, 71%E YEbxt=d
EB-SF <2]xAol=9 ZH$- Control thHl oF 10% AX Fedo] FolEo A
Z/27t A g2 A Ao A vls) sE 2e&Ad Aew Alrdn.

32
+
2
2,
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50 100

45 4 90
40 180
2
_ 35 70 E
2 30 160 T
;{ 25 150 §
@ 20 4 T
15 4130 ®
10 20 s

5 10

0 : . 0

Control SF EB EB-SF
) TS VS —a— Water Contents

2% 53, 47HA F7/ €8 AAolZY FE E 1HE TF

(2) 27}A(Ash) A4 &

s Ao AR 2A 2 gz J7F F771 243 (Ash) B
= 9%e Hrlerl e B Agede A 3AE 24 ¢
27k Al (Ash)e] A8 FE A 27 540 UEhd whep Zo] &
ZrA) WA &2 Control &2 A A0l 74 8%, SF <A A= 5 10%,
EB & A Aolae %% 9%, EB-SF & A2 A4 11%2 Hexth <
Ao AAHE ZAG e whet 27ZAI(Ash) AAFL F 1%9 F7HE 2
W, SR EAS Star FishE W71 wabds o 3%9 F7H4E 2o A
AR 24 Bohe 2R zAe] FYo57E 224 (Ash) AR 24 9%
1A Aoz vesth olg 2 Ade AR A AAA T f7lE
o stz Qs JdlAH 2 Fixed Solids(FS) F&9 $71& Mgz g
ZAY FS Aol d7te7] WEez, Ao anA) AdFe] Srtsts A
& veit a2y 2 27479 B MEE 7lE/NERE A el o]
53 go] ded ARodol oPd Aol didez AFH: I wehA

o
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12

11

10

(%)

.‘

0

<

©

Rl N
o]

Control SF EB EB-SF

O¥ 54 7HA F5 e AAolZe 244 A
(3) LgF

strseiAl ] dx/adkel oA AR A} B g }
o2 FEF AgE SARAT. TEFL EAA)ZE AN F AFH
23 7](Elemental Analyzer(CHNS-0), EA)Z #+43tdth a8
#Z Dulong formulad] H¢iste] AAstgY. dd =2
£ dAAxg AH) 2 FRVIEEHAA N} FES

SEIEHE RS

L

a9 5590 47kA] F5 gFAelaY A TEHSs UEie 19 dgdES
Control &£&{A|Ael=A7t 3506 kcal/kg °©l1ow, EB-SF <elAAle|a+ 3341
kcal/kg, EB €& #|Alo]Z = 3283 kcal/kg, SF <&l A Aol 3281 kealkg
o2 et ®3 129 560 UERWEtel o] s dAE g5 Alol29
%712 29Ut Fe EB-SF A A A7 972 kealkg o2 7HE &3%oH,
SF &8 A Aol E 885 kcal/kg, Control &R Aolax 708 kcalkg 2|3
EB &dA Aol 27t 677 keal/kgl. 2 WERT. w371 AATEdS EBSF
A Aot 7P EL 477 kcalkgS HPom, SF E£EiAAlelart 334
kcal/kg, Control €8x A o]=A7} 178 kcal/kg, EB £2 A7 0]3.7]- 150 kcal/kg e
2 JYeuth ol T3 @FEXAZ Star FishE 7 st 235 2@l
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Z7hehe Aoz Uswt. £% SHAdelad ANRdge 242 2dse
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e,
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19
-3
g
2
()
5
z
o
R:1
Kl
>

L

(07

5‘4_4
A
Hz
2
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=
2

2
o
b
2

Ao H97F 1200 keal/kg ol ol EojoF Bxdg FY glo]
Ao BHE x7te] e AZRE A &L g5l B oF 70%
& E—J&Oi At AHLTEFo] I W] P o
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3500
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2500

Fod 2k (kcallkg)

m0 5000
Q
1500
oF
™ 1000
500

Control Sk EB EB-SF

a9 55, 47HA 5§/ €8 AAlelzY 19 TEF(ARIYHETE)
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1200

T

1000

800

(kcal/kg)

600 1

k

0
il
Sy 400 |

Fod

200 +

Control SF

4) 43 HEA=ZM 873 B7)

s A e Auge] FXF olF e A Y a&FH AUE Sl
ol 77 APz gk B AT E b sesdA At
shite] Aoz A shpse]A el Z*XMi Ab 2 SFERZAE HEIAS
g Aol MR EEA AMEIeAHE Hrbsto stesd Al AlE
Zol mal A, strEEe A EEA o]fo] ke BF BA
AL 4 9L AoT ARFE=H old BEA 7]F9 324

o
o BEA b4 @ AAH 2AG GEREA BAGR) IS Ay

tio -(0 0{}1
o

o 9
M e o F

ol &

Ofr o

oL 19
ot
o
B\

30
o
£

F 3391 Yekd uie} o] FEd 447 Control €8 AAD JAE FF
% PJH43 7)E9dS iz, HAH 2 Control €A Aola EFRE
A E Star Fish® ¥4 A% As, Cu, Cr, Fe, Zn 52 AA 7t 1 Cd, Ph,
Mn 5& vnEA st ez YERdTh Control €8l A Aol HAAE =
AFE AASRE ASdE dAFoR FUF FAE UEHY. 8% HrrEs
BEA Ag NEAG A A FHAA 7]EA oz FHH 47 FH
YA Al BF EEARAN o8& 7t5E Aoz HrtHo HAAA A
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2R 2 A (Star Fish) 2712 A& A 4FL gl o= dadd
E 33 M4 FF «dAAN2Y 85 &€ 49 2 (&%:mg/kg)

Condition As Cd Cu Cr Fe Pb Mn Zn Hg

Control  0.052 0.004 0.078 0020 50621 0126 19696 1019 ND

SF 0273 0005 0217 0065 83405 0131 20443 1744 0.001

EB 0194 0004 0291 0055 99579 0150 20200 2253 ND

EB-SF 0519 0005 0783 0099 173872 0175 27142 3999 0.001

Guide Line <50 <5 <600 <300 - <150 - - <2

i}, BAAEANE SsselAdelas) 44 R BnaA Aol ue =
W)g gLl Bt

SezaAe A4 24 57 L FEnEA A 57 e ge)
2 Wrkesr] Asted 7 AApge) WE WHE
B7het gt

(1) FEIF

I~

Eulglol A FREAE Huste] a&dd i L2
4 FelA $%% 33, Hejgrl9 g, 2AHE I, NF 53} L3
AAE W3 ek sus 270 B LA T

grage] Wt A dojube, Ld8F FFo AT

- 243 -



29 57 Bulking Agent® Sorghumg AHE& 474 EF/F EelAAlel29 H
v gt e L= WstE et BE Hujgde 2719 2
gof o3k wrdw FREN] Bop HulstaA Fol dAHeR
t} ae] Uehd ukel o] 471 FF EAAla Hulde 5 =)
AErd BE Hujgo] 27 FEo] & 202 Ao 108 FE A F
Heje Ro) wu)aA 7#astel 60Y) Hujsyh A8E F 45% WA TE
ke eyt A 2AME EB £8AA0lAY ErREAE HUME SF <€
g A Aole] Bulwre] 423 WalE Control €A Aelae] HHlG v 2
zpol7b Qe Aoz Jehdh

219 582 Bulking Agent® HayE AM&3 5714 £F <& AAlolze] Hulst
AAQNA e £x Wz JehiQde 29 UEd bkgk 2ol RE Hujde &
Ao AA FEZAQ 55~60%H WAHJoH wrgo] o 7] o dFd
Zol AASLREAE 934 Bulking Agent® Sorghume Ar&k EH|3 =3
srs FFA £7] 109 S FdFE9 Wt IA Loyt
:10—__

= mE Huwe g4gol A4 pidE AFE B
[e]

T
[\]
©
o

fru
<
o s
v
i)

% 59= Bulking Agent® Saw Dust® AME& 47bA] £/ & A|Aela9
gu)staAd e 2% Was el a@ol YeERd vieh go] BE Hi]
o] Zygake] Wil Hujg 7] 109 Fob RdnAHo= st ¥}
Auk gy LA7)zke] ZolFe] wa 1 MEEo Fo=e AFE Yehdt
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75
70
65
60
55
50
45
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35
30

Water contents(%)

a9 57

(Control: B4R ZA @ A=A ZALE ujAA| SF: g¢R2A| @I

EB: Ax4d A} EB-SF:

Water contents(%)

23 58 HayZ Bulking Agent® AH&3 u] 5714 7/ &R Aol=2

(Control: E5R.2A L AxA ZAME WA, SF: g z4 A7),

0 10

—0— Control
i - SF

ii‘ O-EB

-@—EB-SF

R SE S

L { ! 2 1 L

20 30 40 50 60
Operation days

sy st Aol A o] G A

70

Sorghum< Bulking Agent® A& w 4714 $/F EeA A2

SERESRIR- S E L P

--0- Control
-m-- SF

20 30 40

Operation days

50

syl statd oA o) FEdFE WE

EB: AAA %A EB-SF: AAAzA 2 g4 R zA H7}
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0 —1+ Controt
65 | -mSF
g 60 -O—EB
%’ -@— EB-SF
o 55
&
o 50
[
@ 45
=
40
35 r
30 ' : . . ' !
0 10 20 30 40 50 60 70

Operation days

29 59. Saw DustZ Bulking Agent® AHEE W] 4714 T/ S A7Aol=2
uj g FEFF W
(Control: 25R2A 2 AR ZALE v|2A|, SF: @5H 24 H7t
EB: AR 2AL, EB-SF: AR ZAL 2 @40 24 H71)

a3 60, 1Y 61, 2R 62 28I 1Y 63 HE T2 Bulking AgentE A&
e zt A Fu PN FEGHF ¥MsE UYERAY. 198 60
o] el BFe} 7o) Sorghum< Bulking Agent® A3k Control £ 24 Al 0]
A9 Huge FRIFS 27) 62%A MR Huls 104 Hro o
56%7tA ZAFAT 2F 2FH gadtd Hus 60Ud7A o 45%4 &
S Rty Hayg AHE3 Hulde A9 #EFFS 27] 60%04 Azt
Hu)st 60U7tA AX S it o 43%9 &S vEbRlaL, Saw DustE
AL Bulge 7] 62%1A AlZstd EuH g 60Y FellE 9]: 42%9 &5

S UEtAt. 2} Bulking Agentd@ 2 T Aol HojA| F}AIRE Saw Dust

o

Z o]43 Hulwe] R3] s w2 A vobith o]+ € Bulking Agentol
H]EH 07]}‘001 E‘] %—7] Lq}’f't‘"-g-i A}.g%u‘.

=19 619 e w9} Zo] Sorghum Bulking Agent® AH-8-3F SF &2
Aoz el Eude £ 27|d o 60%A ATt HHlst 3095
B ok 50%7kA] srotxlen] Hu|s 60U7HA] HAF wrobr oF 46%9] EJ"T%—% "}
e}ttt HayE ol&& HH|ge A$oe 7] 59%NA A3 Hwld 3
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Tof| 47%2 RolxF Hu|3} 60U7tA] AMAD] dolH Al oF 44%9] FFEE H
Atk Saw Dust® ol&% Hulge] A$E 7] oF 61%A st Hn|s}
309F oF 44%S BT Hulst 609F oF 40%7HA wobslth. Saw DustE °l&
g Eu)ro] Bl Bulking AgentE ©] &% EHuldd] Hla F&ol ¥ we dAA
t}. o]& Control A Ae]2 Hn|delxe] A3}s} FAbstATH

Sorghum¥ Hay 28|31 Saw DustZ Bulking Agent2 AM8-3 EB <#*]7|0]
3 gHujge] R AgE 29 620 vehdth 2l Ve wheh o] 27]
Hujge $FEFFS vE Hu|de o 61%2 AT EHH[E 104 o]F=
Z} Bulking AgentZ ©] 4% Hu|d wit} ¥ el olg BH. HH|3} 204
%9 Sorghumg ©|&3% EHu|ge FEFFS oF 51%E R or Haye Saw
Dust® o] 43 Eujge of 48%2 3%A XY xto]E yerWrh HH|s 604 5o
= Sorghum ©} &% Huldo] oF 46%, HayE ©]&& Hudto] of 44%, Saw
DustE o] &3 Eujtho] o 42%% et

ro

Ay

Sorghum¥ Hay 28 3 Saw DustZ Bulking Agent® A8 EB-SF €3 4]
Aolz FHulwre] FEFHF A3E 29 630 et 2l YEd Hpep 2o
Hulvte] %7] 8382 Sorghume o] &3 Hujghe] A9 o 59%, HayE ©
£ o] A9 o 58%, Saw DustE o] &% FHH|E A4 oF 59%E &1
st Fuls 09F FEFFS Sorghums o] &F Hujwe A oF 50%,
HayE o]&% Hulvre] 3% oF 44%, Saw Dustd °|&¢ Hu|Ee B¢ oF
44%%Z Sorghum< ©]€3 EH| 93} Hayet Saw DustE o] 83 Hujdo] o 6%
9] #ol2 RPh. FH3 604 FolE Sorghums ©]-&3 EHH|dke] °F 46%, Hay
2 o]l g3 Fulgo] o 42%, Saw DustE ©]&3 HH|Ho| of 40%= e,
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Operation day

a9 60. A2 tE Bulking AgentE A}&3%F

AT o R S © s B ) BN
o O O O o o

Water Contents(%)

—_
o

Eu| st ol M o] SR s}

- .\F.\
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~o— Hay
i —A— Saw Dust
10 20 30 40 50 60 70

49- Control €8] A A ol=a

Operation day

o]

T

Hulg Aol e =EEF
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Water Contents(%)
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0 e o= o I Lo - r 1. _ P
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Operation day

a9y 62. A& thE Bulking Agent® A}83 A9 EB <X Aola
guga oo FEEHF W}

70 - - S -
60
R 50 r & B -8 -g g
% N . . g
£ 40 R
5
3 30
% 50 | -®— Sorghum
= - Hay
10 ¢ -A— Saw Dust
0 .. 1 P Ot S SUU R RS
0 10 20 30 40 50 60 70
Operation day

1% 63, A2 tE Bulking AgentZ AHEE 739 EB-SF €z A A2
Hu| gt Aol Ao R Wt
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(2) &

Huis AAolq b A Huste] AYHEE I 5 dE AHE 2
zeo) sjolt}, Huls) e BAurg 171 MEe] eEst Wase 4%e B
o HuE AAREAe) 95E dud 5 vk demon Huse HHe
& S-60T AEelm L HelslAE 0CE EAHE 2SE ALk )l
55~60C HE7t neq Mg 85 AHemeld, B W9 b

e
ey
o o

B
A 7] dEel o] 2= MAE Aok 23Ut FAstefoF A &7}

60T oldolxe F&o|(Fungd)e &% 93 3L

_EL

29 2¥ol Fadth med Hus WA YPE LRoA REH ook
4 2L =g 92 & ov PAF A EFE A2 5 Atk LEo 24
2 FR, FURE, FFRAA SHsel FTAE ASAQh

19 64F Bulking Agent® Sorghume AFE3F 471A] &7/ &R A o]a 9
Hu|g g Ao 2 WstE e HHdd £E¥stE EB 2 A A o
3 9 EB-SF €#AAol=Ze HH|ste] Af 27] 54 oo FHi 60T o4
o) o AHate] oF 29 B 2EE FAFRLH, olF AMAI TAadF
109 o|FHHE dA4% @S Bk W, Control €8x Aela ¥ SF €27
Aol Hulde] Atole 27 2= 4%l EB €A Aol R EB-SF A7
ol Hulge] A5 vl A Foew, 53] Control SAA Y Huld
o] A% Hu A% &£=F 53T EFdg oz yehdrh o] AdE F3E 4
EB £8A|Alo|Z9} EB-SF <e|A|Alo]la Hulde] gu|sintgo] ofF s o
o Fg ¢ 4 313 Control £8{A|Ale]l=2 4] EHu|drt 2~3Y AX Hu|gE &
FH F doE AAZT

19 65 Bulking Agent® Hay& A3 5712 3/ £ A ol=2 e EHH|F
BA e X H3E Y. ZE Hujge 27] 3¢9 oo nAE] &
e B3 Zgo R sty &7 60T U2 dsstdnt. 1 ¥ of 59A%E 55T
o] &l A %2151‘3}7} Hulsirt Ao wapa A om dolhdon 20d A&

A FHE o HCTHER dASA FAHAS EB A 7A0]2 EHH|H9
T WEgZ27]e) 60T oldez Asstdon of dFUIF 55T o] L2ofA

A=At ol oln WA FALE T3 Wddo] AFEE AEHdA HulsE

:(Oo}lﬁa_.‘
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st LA AT HE2 HAAY PR APHd a3Hd Ao AlRd
t}. Control €8 A Aol Eude] A$E B 2074 s L& FFS BAF
AX T H3 Lx7F 58CE thE FHudo] vl&] of 5CAE vA vehton Hy|
37)17+% v gHujdrd gzt gkt @R ZAZ Star FishE ¥2 SF €7
xAola EHu|@n} EB-SF £ AAlola Hugh2 7] w¥k&o] EB &A1 40
3 FHulanrg 1~2T 52 252 29 ukgo] &g APHASS 4 + 3
t}. P-EB A Aola Huge Agols 2719 o] A AZFE o 5
gBo| 60C oS A1 LEE BYT 1 o|FEE § Huad vk & A
TS By

213 66 Bulking Agent® Saw DustE AHE3 4714 £H/ £eiAAel=ZY
Hug g x5 W32 Jehide 719 & 452 Sorghumejd
HayE Bulking AgentZ AMg-3 Hu|drth w24 yeych ol Saw Dust7}
Wood Chip# 37 gule] 3& MAAA 27 &S adaez FEI7 9
29 Aoz wurdnh 2 E714e YR FEAY] dEed weE =4
tEe] £x9] a7 E3 WA dojurs AFE BAth Hulgd o =& 2
=9 AN AEE B3 /718 AA £ AT AEEAFAE E& 7 3
Saw Dust®] Z$¢ m2oA A&HE Alzte]l YA WAF ApEdl=
Aoz dHeEch Control €8 XAl Hu|eke] A9 €} Bulking AgentE
43 Huldo e Aol fAEA o Hujde] Hg @t 2EE fAHE
A#%E Jehyh

. =,

e e
]

S
==

- 251 -



) ——0-—8-80—0—G-—pn_¢g
ol
5
- —— Control
—m— SF
-O—EB
-@— EB-SF
0 10 20 30 40 50 60 70

Operation days

13 64. Sorghum Bulking Agent® A3 w 4714 £/ £8jAAolA
Eujsa Ao e 25 W3t
(Control: EFRZA 2 AR ZALE U|4A|, SF: S5 HEA A7t

EB: WAt ZA}L EB-SF: AAAZA 2 25034 d7})

a—a—-0——0 9
—0— Control
-&— SF
—O0—EB
—o— EB-SF
—&— P-EB

L

0 10 20 30 40 50 60 70
Operation days

29 65. HayE Bulking Agent® A& w 571%] £/ &8 A Aol=
Hu|glgAd e &5 ¥}
(Control: B4R ZA W AN ZALE v|A A, SF: E§5-R.2A H7}

EB: AAAZAL EB-SF: AAA A & @534 A7
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70
60
50
=5 40 9 P
e &0 =9 B - - @
Q
£ 30
g -0~ Control
20 | -m- SF
10 -O-EB
-@— EB-SF
0 L] i L 1 Ll
0 10 20 30 40 50 60 70

Operation days

79 66. Saw Dust® Bulking Agent® AS-& W] 4714 $/ € AAN=
Euj gl ol 25 W3t
(Control: 5R2A] 2 AR 2ALE vlAdA|, SF: @5R2A F7

EB: A} %AL EB-SF: AAA A 2 &5R2A4 H7H

a9 67, 28 68, 29 69 28l 2Y 702 M2 ttE Bulking AgentE A&
Fdeu Z X Aol= Hulgte X ¥aE Ytk 11 679 e =t
9} z+o] HayE Bulking Agent® Ab&3 Control €81 A Aol HEgd2 =
54 %9t 55C oS &A8%9 2™ El Bulking AgentE AH&-3 EHujde] 35
E 39A4% 55CE A% & 9ot A= =2A7k2 Bulking Agent
W2 2 A VelstEd Saw DustE o043 Huldo] 24412k kel 59T7HA] 4
%3t Sorghum, HayE o] &3 Hulge 2994 39 Alolel Zpzh 55T,
58C7HA =2akdtt.

71

19 680 YEMA Ble} o] SorghumE Bulking Agent® A}-4-3 SF &7
Aola gulee Hulg A& 3do)] 59T Hx2=o| =2 33l Bulking
AgentZ Hay$} Saw DustZ ©] 43 Hulw& 29 Fof Z4zF 62T 63T Hx
ex2 Bt AAH o Hayd ol &3 Hujdol T2oA A&H=HE Azto]
Bl Bulking Agent® A&3F gujghel] vlajr 3~4¢ ZA velsed ©l= Hay
2 A7) Bt g Hulgd uls) 7140 ol 2x&EHe] HYY e
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Atgd. 2E Huld& |87 AFES oF 2090 Ad $RE X7 40T
el A A A=A

a9 699 el vhe} zo] SorghumZ Bulking Agent® A3 EB €8 X
Aol Hujd& 24 ¥l 62C/HA st en oF o 349 RE 50Told<
o218 & "z} ol 40C WYl rAzIE ATt Bulking Agent® HayE o)
43 H897 Saw Dustd o8& EHH|T 24Xt kel 242} 64T, 63T 9 3
TLEE 712 st £3 HayE o]l 48 Hulge A9 o dFd &<t 7+

S 50C olAtol A HEHA T Saw DustE o] &3 Hulge] 3% o 3d AE
A% T A "ol AL Bk RE Fughe Avtzgoz nkg x7|q F
A 2ol ddew Huld of 2044FEHE o 40T Y2 dAIA
AdE 4 F AUtk

2% 709 Vel uvhel o] SorghumE Bulking AgentZ Al-8-3 EB &8 X
Aol Hulhe 3t 63C7A A5dd o Hays ©]43 Hujgdd Saw
DustZ ol &3 Hulgel A$ole 2447k ¢toll ZkzF 65T, 66C7HA 533
t}. Sorghum& ¢} &3 FHuld Bt} Hay$t Saw DustE o] &3t Eujdo] Huls}
%7] dhgo] wzA AP RS & F YU BE Hu|EY HAZHY dFe=
Saw DustZ o] &% Hujde] 2%71 @] HojA 3 Sorghum¥} Hays °]8% H
gt AjEor z2dael §X 7ol ZAASLE € 4 Uvh. Buking
Agent 2 HZ¥ Z-$ Saw DustZ o]£3 Hulgde] Hees ALFAI}F &L
Sgoz Q8 LA AR B4 9483 R 4U1E B87F oA oy
I HayE o] &3 Hulghe 12 fX7)7ko] AYAw Fr14go] v Eujst Al
d71x70 2 £ ok A= 1 FAVG 2 F7140] 453 Sorghumo]
7}& A 35k Bulking Agent® H71E & Qo
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a3 67. A2 2 Bulking AgentE A& 4% Control €8x Alo] =2
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23 68. A& thE Bulking Agent® AFE3 A9 SF &8 A Aol
En|g g go e 2% Wt
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£ 40 -2 8g——Pp ¢
o
S30 &
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20
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10 r —&— Saw Dust
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1% 69. A2 t+E Buking AgentE AH8E A $ EB $8A]Aol=A
Euslg Ao e 25 ¥}

70
60
50
L 40 L B B S == =
S 39
5
— 0 —&— Sorghum
—&— Hay
10 —A— Saw Dust
O 1 | | | 1
0 10 20 30 40 50 60 70

Operation day

18 70. A2 t}E Buking AgentE Al8E 4§ EB-SF €8x Aola
Hujg Aol e & W3}
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(3) pH

srselAe) dudel pH Wl FAAA A4S uedth Tt
Huis Fol Aojibs B Wee FaA wgol AWl ute pHE W3
b Ao} B3 Huls z7lo] B Wgoz AU pHY Bat e F
lomz HujshA o HE Felsok ek

a9 712 Bulking Agent® Sorghum< A}8-3 4717 &7 <
g3t LA W pH ¥WsE YeERAT. ZE Hu|Ee F¢ x7] pHe
65~7.1 oloy Hu 3k m2aAE HAAE 29 <l$Fdd= pHYE 8
FZ3A Z27k8te 4¢SS Rolthrl Az wolx SF £ A Aol ¥ EB-SF
#gx A2 FHute pH 66~7.022, Control £8X#Ale]Z ¥ EB <& A A
pH 6.0~622 AA3A A3 AT7E dAsHA A S Ak
AAe At ARAE BARIA ¥ A9EY pHE e

] 24 ol AR AR A F718 FHA AV A HEA 7l
2 2le] A3 2 F7 el atstel] g Friste] /1 Adet AlmEvh A
SF &2 A7lel= 9 EB-SF & A Aol HHde A¢ pH 8 ooz €
RZAE A7 &L Control €8 XFAlol=2 2 EB &2AAlela Huldd 1
& oF 20¥zFe] oA 7|7 B ALHEY ok gFREAW f71dA FE
A7t o] Yol 72 Al 93 Buffer 589 FAdo 7l A=
dr} ageg Axd A 2 954 RZEAZ Star Fishel d7b7
pH Z2d 85988 & 5 v A= wdd.

_|>i
2
filo r\r
BN

ﬂ_.
i
e
rﬂ“.
olo
N
1o

19 72% Bulking Agent® HayE AM&3 571X £/ & AAoj=2e] FH|
3 AN wE pH W3E Yeluidoh AAAI A2
z7)olE pH Aol dojyton FTHiRa ZkpE HAP wopxu dA7|7o]
A3 @ FREE A9 syt sl Zh Huldeit v FEe Rl 2
532 kA wk Control €2l A Al013, EB £3A#Alel3, P-EB €& AAol=2
+ Star Fish7} E¢}7F gHl©]l SF €8 A Aol=Z9 EB-SF &
it} pHol Buffer 53] Eojx Eug $xtow 7bdAM pH
AL B ol B& 48 F TR EYARAR o] &F A
de Zgxrst 91 AErt mol AFstA gL Al: #EEHIUG wd
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Star Fish® & Hu|e 49 pH 74E A 443 H: A%e yehy e
Hulgo] us] EXNFEAZ o] go] HFY Aoz AlgdL)

19 738 Bulking Agent® Saw Dust® A3 471X £/ &8 X FAlo|=2 9
Eu)st -z @& pH ¥WstE YehiAS Control €@IXAlola HH T
Z719] &%t F3) vk o 2 oF 5U7AE pH 8|4 FAHY 1 o] 52 FA 3
Hojz 159 Aol pH 55 ALe7HA @otA= dig et ol Hugrt A
Pl mat A3 dsste] pH 6 =AM A3 He ARE 2 EB €9
A Aol Hu|EE Control £ A Aol Hu|g Hl=g AFS EIJAT HA
pH7l 6 AEE FAHo v|AE dAIEE Frl 8l 22 AdHdeH
SF €38 AAe]=, EB-SF €A Aola FHH|S Star Fishe] J3Fo2 Q13 pH
o] #A47t Aol thE Buking Agent$t H|=¥ pH 794 <A He AAE
E}iTh

oo o o 0 o

—— Control
-m—SF
4 r -O-EB
-@— EB-SF
3 1 | ! ] ] L
0 10 20 30 40 50 60 70

Operation days

19 71. Sorghume Bulking Agent® A8 W 4717 £F €8 XAlo|=2
8|37 Ao A9 pH W3t
(Control: B5RZA 2 AR 2ALE WA SF g5RE2A H7L

EB: AXMZAL EB-SF: A A 2 25224 7
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&+ - Control
5 r B SF
O-EB
4 + ® EB-SF
-A P-EB
3 1 L L L. L
0 10 20 30 40 50 60 70

Operation days
1Y 72. HayE Bulking Agent® AH&3 wf 4714 £/ £ XA =
v 33 Aol A2 pH W3}
(Control: 25RZA] @ ARH ZAZ njaA] SF: g5rEA] H7L

EB: AzAZAL, EB-SF: AAMZA 2 @5 R2A A7h

9 RS SRU—
N SR |
5r & Control
= SF
4 O EB
® [B-SF
3 1 ]
0] 10 20 30 40 50 60 70

Operation days

213 73. Saw DustE Bulking Agent® A& W 4712 £/ S8 A A2
v 3l o) A2 pH W3}
(Control: 4R ZA @ A ZFALE n]Ad A, SF: &R z2A H7t,

EB: AR 2A} EB-SF: AAdzA 9 g rzA H7h)
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28 74, 29 75, 218 76 28l 39 772 AE T2 Bulking AgentE AHE
sgem 7+ 8 Ael= Huste] pH W3E Yeuidch. 29 749 vEd
#bel o] Sorghum, Hay 233 Saw Dust® Bulking Agent® AM&3
Control €8 A Al Hu|wel pH W3t 719 o 7oA Alztste] HF pH
7} 6AER dAQA FAHE S Btk 22y FHuls £7]9] pH e
o]% Saw DustZ ©]-&3% =u|de] A$ Husl 59 o] FFE wtopx7] A& s}
ok 57744 wotgtirt Al skl o pH 6014 dAAE AHE HAG
HayE o]&3 Euge ZA$E Hulgd x7jde AAS welAnrt 169 A
BEE wolxz 309 o)T2E pH 694 QASA FAHE AHRE RAoH
Sorghum ©] &% Hujwe] A9 = pH 5874 Eoid F vA pH 622 I4A
slele E5S 29T

olg} Z& pHO W3tE 7] #714te A E Bt FEYole FEo
s pH %ol A Z&3 Aoy, F&Heo] FAHA pH Asdte= HE3o]
APt grolrt BajEn o] f7)14kel dFo]l A &3] wE<l
Aoz Aadt 1 ¥ Hujs wgo) A&Hd wt F71E9 B3I A3
SAHo] A pH7F 6 EA AAstE ez Agdy

238 759 uEbd Hbe} Zo] Sorghum, Hay 18li Saw DustE Bulking
AgentZ Al43 SF £ A 7Aola Hu|dy pH ¥W3le MAAHe= v 4
g BYth BE Hulghe Zv|d FA4 pHolA wgo] AZd o]|F pH7L 8 ©]
oz Azitgon o 253AE FAH T Wt F pHrt Al HolA] 7] A Fste] o
7904 otABEE FAS Rl 238 769 UYERA EB A Al Huljg
o] A% Control A Al Hujcts} njd A% BIPAT pH7L 6 ost=
Wolx x| ¢35 pH 6.3 FENAM <A ATt. 2@ 779 e EB-SF =2
Aol=2 Hulghe SF LA Aola Hujdd Hx=d Aoz x7] vH&F pH
7b oF 8 o)A A5 F 2F AEFE pHr wobx pH 7oM dASHA A

= AT
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0 b 1 AT e
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19 74. Bulking Agent® Control €8 A7}z Hu|g a4 2] pH ¥}

9 [ :
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7 a4 & %
6 I
5
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2 & Hay
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0 - [ | Lo
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1% 75. Bulking Agent' SF £ AAol= Hu|3tapA oA pH W3}
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21¥ 77. Bulking Agent' EB-SF <& |7Ao| 3 Hu|33} Qe e) pH #Hs}
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(4) C/N Ratio

q
9)t}. Chanyasak(1981) %< EA#H7|E9 7Z$ Hugt ¢5 F C/N RatioZ}
5~64 =74 Zaddn sgoeu™ Hule dagdd ngs C/N Ratio?}
¥3}7] w#o] Hirai(1983)5 2 C/N Ratio’h =] s4d=] Adi#el Ax7t €
Ao san®.

19 78€ Bulking Agent® Sorghum$ AMHEE 4704 F7/ <eiAAlol2 HH
3t A ¢ C/N Ratio ¥3E YJelidch SF €3 R|Alol=, EB <& A7 4,
EB-SF <8 A Alola ¥HYL Control €A Ale]a 2] FHujdd] "3 C/N Ratio
Zagol ZA VYeErY gyt o afdez APHALS & F Uk ARA
oz A#KEW C/N Ratio’} 35004 2652 §7] &47 B88tsd SF £8A A 0]
A, EB €3 AAel=, EB-SF <£dxAola Hujgy H{¢+= 68 A=r 484
Hhd Control €8 A A0)ze] EHujghe 119 A= Yehgrh ol A A 4
SR A A7 Hulde 285 E ARES dFA7IEE Zldea &S B
Zt}. Control €8 A Aola, SF €A A=A, EB £ A7, EB-SF €8 A
Aolzel EHulwre] %7] 10¢(EME 27128 10943 F74A9 7I7hst Us
109(5H3 3 5098E 60274219 7]7he] AlZte]l mE C/N Ratio®] H3H&
(é_gtﬂ)% AvRd 7b7h 025d Y 033d7, 028d Y, 0.28d o1l o 50d0] At

# St 2z 001d'~002d A ThS %e WHEE vehich Hulg =
el EB seiAAol2 ugte] W] g Basigon Furde 2
o7k gl Ao tEa

I3 79% Bulking Agent® HayS ARESH 571A] 7 £8]AAl0l2 H| s34
42 C/N Ratio ¥3}E& Jehideh 2719 C/N Ratios Setup #8olA EH]
o omlr} okzby Ajolr} gileut Hulst A 27 25~40 WY e A
ated Ful3ts JAstdd. adel Jebd uel 2ol C/N Ratio HAZH Q1 W3}



dojyr W Control S A7l sulge] Agal: B 23 v C/N
Ratio 72 &0] w7 vertth Control €8x #A 1=, SF €&l A=, EB <8
47012, EB-SF &2lA 702, P-EB S8 70l2 Hulg Z7] 104583
27158 109743 $AA9 17hF UF 104(Ev8 A8 5023E 6097
o 71zbel A7l e CN Ratiod) Wata(2N)g avinw 24z 0194,

027d1 027d7, 028dY, 025d'elm 50do) AT Fo Fe z7 001d ~
002d 92 urgx7)e] ug) ofF vuld WaE Btk Control S AA A
gulcho] ulsl SF &8 x| Aol=, EB ¢eAAel2, EB-SF &£3AAl=, P-EB €
A Aol =z Hujgte] AL ukbg 27] 1099 Watgo] wg & WsE R Eat
s dolse & 4 e SorghumS ©]€3 Hulge] Afde €Y
EB-SF <@ A Aol Eulghe] %7] wrgo] 74 3 Aoz yeggoey I
Aol @A goprh Hulst 50U F e WL AAH o wv|F WUste B
o] RE &Ao] 9a® Aoz Bgoew HF C/N Ratiors ZE HH[Tl 20
ol&t2 vEIRTH

1% 80 Bulking Agent® Saw DustZ AME3F 4714 F5/ SelAAlela HH|
g3 AGA 9 C/N Ratio ¥stE Vet Bulking Agent® Saw DustE A}
23 Huste A9 947 A C/N Ratios oy C A&l HFE £3)7t
old ¢ Fadx AERo -~ ojmz FHZH Hulsrh dojux] Eu. Hy
g =7 Hugae 8xAelay B2 A C/N Ratiod] Z&7F JNA
gk 102 o]ZFolE C/N Ratiod 747t =8A &= Ak Control E2AA =
Enjgre] A9 C/N Ratior 35ollA Al#stel HEAHoz 287b4] Zaste] ¢
e zta E& Bgth a8y EB €A 7AlolA, EB-SF A Aola Hujd
£ C/N Ratiot Z+7+ 35, 32 oM Al#std #F 25, 22 7+A #2435t Control
A Aola Hulgo] HE tih e 72 eS B Control £8A 704,
SF @A A=, EB 8 A A=, EB-SF £A|7Alo]a Eulde 7] 104(H
v st 27158 10943 49 71zH¥ dF 108 &0 8 3 502 5F-E 60
A7 71zHe] A7kl wWE /N Ratiod #3hes Asrw 7z 019d
02247 022d", 0.24d79 e mGx 500l AR Fo g 77 001d '~
003d'M Y= et whex7]e] 4% C/N Ratio: El Bulking Agent$t vwhit
kA 2 Control £ A A0l Huldto] wlg] SF ¥ A #Acla, EB £ A#A 0|4,
EB-SF <A Ac]2 Eujghe] k7 £& M3E&L BPom 50459 W=
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a3 78. Sorghum< Bulking Agent® A&3 o] 4714 F 7/ FAAol2
)3} g oA o] C/N Ratio ¥ 3}
(Control: 51224 2 AN FAE v|AA, SF: @¢R2A A7}

EB: #xdzA} EB-SF: AAZA R g zA 27

35
T - Control
B SF
O -EB
® - EB-SF
o A~ P-EB
o L
o L e
z 8%‘ A g S
S B — g ~ e
15
10
5
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Operation days

2.8 79. HayE Bulking Agent® AHE8 v 57}x] 5/ £ AAlo]=2
g3 e C/N Ratio M3}
(Control: &FRZA 2 A FALE v|AdA|, SF 5234 71

EB: AAMZAL EB-SF: AAd x4 & gz A 37
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20 r
— Control
—m- SF
15T -O-EB
~@— EB-SF
10 5 b il 1 | 1
0 10 20 30 40 50 60 70

Operation days

28 80. Saw DustZ Bulking Agent® A}-£3 u] 471 FF £ A Aol=a
v 3l o 2] C/N Ratio ¥ 3}
(Control: &R ZA 2 A FALE vjdA) SF: g1 24 37}

EB: AxAZA}, EB-SF: AR ZAF & @51 324 M7

19 81, 219 82, 1% 83 2382 1Y 84% A2 TE Buking AgentE AME
st Z+ &#x)Aela FHu|se] C/N Ratio ¥stE YEUAT. 27 819
Ueld uel Zbo] Bulking Agent® Sorghum, Hay, Saw DustZ ©] &3 Control
A AR guiwte) ALSE %719l C/N Ratio’t 247 35, 28, 382 A 23}
Hk-g-A)7ko] ZAzgtel] uwhE} EHu|glrt FAEHE 60¥ BEAE 19, 16, 289 #S
B9tk E3 z+ ¥v)we Bulking Agent ¥ %7] 10¥(3Fv|s =7|%H 10¥4
I} FAXY 717H3 UF 104 (F 08 F3 50858 60d7HA1 9] 713h) ] Al 7t
We C/N Ratiodl ¥a&(L9N)e 4vina wgz7) ke Sorghum, Hay,

Saw Dust® Bulking Agent® ©] &3 Hulgre] A% zhzh 0.25dY, 0.19d7, 0.19d"
oA ¥u|3t 50U AFe Fo ke zhzt 0.02d7Y, 0.02d7, 001d'E WS e
W3S B

a8 820 JEFR we} Zo) Bulking Agent® Sorghum, Hay, Saw Dust®
AL43 SF €A Alo]2 Eude ZAedE %719 C/N Ratio’} Z+7} 34, 27,
3602 A Zste] wkgA|zbo] Ao mat syl FHHE 60Y AEdE
18, 17, 249} < R9vh %3 7+ Bulking Agent ¥ %7] 104 (H4)8 271 %
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B 10943 374X 7173 UE 109(E M8 13 50458 60474419 713h 9
Azt & C/N Ratio?] ¥3&S AHRYHE ¥HEx7] & Buking Agent®
Sorghum, Hay, Saw DustZ AH43 sujge] A% z2 033d7, 0.28d", 0.22d
N =ulst 500 AHF e zz 001d7, 002d7, 001d 'R wUIF W E
BA

Y 839 YElA ule} Zo] Bulking Agent® Sorghum, Hay, Saw Dust&
A3 EB €8l AAlol2 Hujde] A$E B %7]9 C/N Ratio’t 247 34, 27,
352 AZtste]l Wb AIZko] Aol wet EHHIE 609 AxoE 44 19, 16,
249 S Rt £3 z} Bulking Agent ¥ %7] 10d(E w3 =71F¢ 104
A AL 71z7H)3 UE 1049(E 8 13 50U E 6047kA2 7179 Al
7kl wWE C/N Ratio? W3&2 AHrd ¥-gx7] e Bulking Agent®
Sorghum, Hay, Saw Dust® Al£8 Eulgel A$ Zzb 02847, 0.27d7, 0.22d
oA EHust 50de] A Fo e Azt 00247, 002d7, 0.01d 2 B =47
H) 53k WMsk& S vERiT

2% 840) Erd vt} o] Bulking Agent® Sorghum, Hay, Saw DustE
A}4-3 EB-SF 8| Alo)l=2e] Eu|we] 27]9] C/N Ratio= 74zt 34, 26, 322 Al
zpste] wh-gA|ze] At wel En|3t 60d AEE 18, 16, 229 #E HA
t}. £3] 2z} Bulking Agent ¥ %7] 108 (813} =7|5H 10433 T713 9
71703 U3 102(EH13 18 50d5E 6047A9 71zh e Aztel wE C/N
Ratio®] W3l&S Ayrd w&%x7] g2 Bulking Agent® Sorghum, Hay,
Saw Dust® AH&e Hulwre] 7% ztzh 0.28d7, 028d7, 0.24d "ol A Ewls} 50
Jo| AFAT Fo e Zzk 002d, 001d 7, 001d 2 W Fe WHES BA
o AAAQ A3 e 29 SorghumS AHEE EHu|de] A9rb WEEe] M 2
3 2o HayE A4 Hujwrel 4¢ 228131 Saw DustE AHE-& BT
A7t b e WEES Rk WEES B HH R Hukstd A A
Bulking Agent &9l Sorghum< ©]&3F Hujge] wrgo] 74 &gt Zow

2 % glvk

- 267 -



40

35
30 A A A A A A,
02 7
g 20 k ‘é‘:.-t':‘:.—:'
Z 15
© L —m— Sorghum
10
—o— Hay
5 1 —A— Saw Dust
0 i | } | ] L]
0 10 20 30 40 50 60 70

Operation day

38 81. A2 tE Bulking AgentE A& 7% Control &3 A A0l A
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29 83 A2 U2 Bulking Agent® A&3 79 EB €8 Ael=
o34 C/N Ratio ¥ 3}
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G) vAE 5%

Hul gt w3 N F718 Eeio #Hs WAEY THY FE AF3
e AdFE AR vAES] EF = dHs}
v itk wEkd 2 Ao Hujg gk nAE &= 8A
7] 913k INT TestE &3 Huldry P& &3S
2z plABE9 Activity® INTUNT Formazan)F% #4282 &3 SAHs4

o,

£
e
-4
i
=
oo
tlo
£
»
o
=
it

719 85 Bulking Agent® Sorghum& A3 471x] £/ 1A Aoz Y
g g Agd e nAE FF5E W3S YA A FF eEAAel2
HHlg 42 uAE et & AolE YEA v o, HHls g =
71 Control €& x|Aola2] Hu|do] H]s SF &£ XA ]2, EB £ A A 0]
4, EB-SF €8 Al Hujgo] 4udez o w2 vdE 858 =4
AAR oz ol Med Ay F 2EWst 234 FAR 4FES e
wom o2 B3 AAM A © g5rREA Azt HulsA vAE vEg

19 862 Bulking Agent® HayE AE3 5714 7/ <A Alola9] Fns
BAGA ] mAE FFx WaE Ygdido. add vEebd upst Zo] 37
R FAoA oA Huld 2F b5 AdE 2Tk EB-SF €237 ]
a Hulge A 5886 HnXQ) 227 mg - Oyg VS-d o|AQx ZolF= 154
7HA Az golA A HE AEE R9FUY. Control €A A0lA Huld
& Hxx7} 187 mg - O/g VS-dZ v Hulghe] v]3] thh ¥& FXE BAY
Zocl w3 s e 204 AEWH gRE 237t o|FAFE HAE
ActivityE B3} & 4 At P-EB &£@AAol2 Hughe] A9e 27| §E§0l
2 Hugho] vs =4 AlFste] Hux9 4 21.0 mg - Oy/g VS-d=
v &d 7dAd =gt shx v HuH 3 94 RE e HHld d
28 A4S B, P-EB <A A D Hulge 7] w3o| =¥ olfEe <
PA o] AARML FAMste] @A 7 EB £¥AAoja Hujgudg &5 3 &d57
ojzo]l A FAIZ P-EB €#AAela Huldto] AYAQ AL =
o] IREE pAEe] AMHEAY] HiEor AtsdEY.
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19 872 Bulking Agent® Saw Dust® A 47HA F/ £iAA )29
gu g Ao qe) PAE B2 wets Jehdch 26 el uke 2ol
74 Hujgult 283 Aol 9 AT Control A AR Hujde B
g2 gulge us okt ¥e AR Activity®: Bth 27 vAE €8kEs
oF 72 mg - Oyg VS-d2 ZE Huldo] H%d g& HAAT Control €&A|A
oz Hulge AS Hm ol oF 191 mg - OYg VS-d2 ©& Hulge &
22.3 mg - Ox/g VS-d W3] FlAE Activity7h 2A WeERSH.
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19 85, Sorghum< Bulking Agent® AH&& w| 4717 T/ <A ol=A
Hu g A e uBE Activity $3}
(Control: BER.ZA 2 AN ZAME v|AA), SF: gFREA 374,

EB: 274424}, EB-SF: AAHZA} 3 g5rzA 47D
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9 86. HayS Bulking Agent® A28 o 5712 7/ £ A Alo|=2
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(Control: €5HEA 2 AR RAVE v AAl, SF: ER2A A7

EB: AAA AL EB-SF: A4AEAL 4 25024 A7)
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19 87. Saw DustZ Bulking Agent® A& u] 4714 £/ EH X Aol=a
Bujstf Ao e v AE Activity ¥ 3}
(Control: EREA] 2 AR RALE v]AA|, SF @5R23A H7E

EB: AxHZxA} EB-SF: AAAAZAN 2 3R 2A H7H
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29 88 19 89, 29 90 2% 19 91 M2 o2 Bulking AgentE AH&
s zZ+ A Al Hnste rjAEREE HE YeERAY. 2" 889
UERA HEeE 2ol Control €A Aol Hulde] dAAY vidE s £
7ol A8 Fssttirl o 39 ol AnXE JE3ta Hu| st AP wh
g "z goldA 2F FdE o 724ER Yol AF#E EJAH. F
Bulking Agent ¥ Activity® Sorghum, Hay, Saw DustZ AM&& Hule] 7
©. z}z} 21.2mg - O/g VS-d, 19.1mg - Oy/g VS-d, 19.4mg - Ox/g VS-d & Ko
Sorghum& ©] 438 Eu|do] 7bg & plAE F5=g Rch 13 89 et
W uls} Ze] SF & A AA Hulde ALk FHust %7 34 Axd
Bulking Agent® Sorghum, Hay, Saw DustE A}-&3% E4H|sle] A% 27 21.6m
g - Oyg VS-d, 212mg - O/g VS-d, 22.3mg - O¥/g VS-dZ HIAXE Bz z
Bulking Agent 8 AL FELE & Xole Ro|A Fggth

1% 900 UeRd Bl o] EB A Aol EHujgte] ¢ Hus}t 38 <]
HAuxo) =23t93, 7+ Bulking Agent ¥ Sorghum, Hay, Saw Dust& AM8-%F
gulgre] A9 zZ7Z 248mg - Qg VS-d, 220mg - Oyg VS-d, 21.2mg - Ov/g
VS-d& Sorghum& AHE3 Hujgoe] 7b4 & g Btk 29 9lo] yekdd =gt
Z+o] EB-SF <3 A Aoz Hulee] A$oE Z+ Bulking Agent 82 Fu|s} 3¢
Az Hxmxo| =&sld o Bulking Agent® Sorghum, Hay, Saw Dust& AH&
3 Eu|gle] AL Ztzb 234mg - Og VS-d, 227mg - Oy/g VS-d, 22.7mg - Oy/g
VS-d& rgrh 94 Sorghum$& AHEE Huide] JHE Egovt B Bulking
AgentZ AME-3 Hudhe vl & Aol AUt sHARE AAHQ FiFel WA
2 o nAE &EFEE Sorghum$ o]&% Hulde] /B w4 FA4HNLH 2

&2 % Hay® Saw Dust® ©]&3 Huldo] &3 FX& 7|53
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(8) F&A A4t (Volatile Fatty Acid, VFA)
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olslad 159 o]Fo = 471X £FH &XAola FHulwe VFAZF 50 mg/L as
o 74 At en Hu3 6049F VFA $=F ¢ 20 mg/L as C; ©l5te]

O

e

O

& FEE Ul o9 VFA £ A H 1?4 A w2 e &
& Aoz #adHH, AZH Y EF AZAdE HEd S4E U Fe
o2 Als¥d,

1% 1072 Bulking Agent® HayE AF&-3F 5714 &/ é;—aix] Aol 9] EH|}
FAo 9] VFA ¥E W3l JeEd ASZ VFA BEE 7189 ®si7t &4
271G ANA =gty UFGAR 258 2435, RE FujddA gulg)
209 % VFAQ] 2ol o 20 mg/L as G ©l3te) & Ber HH|3 60d52
VFA 5% ¢ 10 mg/L as C; 08¢ & F=x& H It Control A 7
ol Hu|gtel A$- %719 VFA F=7t EF Hr[de vz & FAE Bile
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A2 & Qe A Fu ok WA Hujg F9o F& Hulo Hl® ol A
23 Ao Atz

1k

29 1179 23 118€ Bulking Agent® HayE AH&-3 5714 57 €A
olzo] Hu|stpA A wolg& YepUTh 1Y 1174 vk vleh o] Hy
=) uwolad Ay EB &R Alo|2, EB-SF €A 7lo|=Z, P-EB €& A Aol=2
Hugo) A 900]Ad o2 v IA &L GIL #& 2 kY, Control €2A70] 23}
SF 3R Aola gHulde Zzk 707 809 GL #& dvetded a3d =&
Hulgo| A g 27]odE VFA 9o A8 GL gko] w3A Hulgrt 3
PswA VFA B2 A3 VFA SAHAZAZ GlLgtol 458 Aoz dddd,
Control 8 A Aol2 FHulgg AT Yeix dzAdAe FHuldL GL gkl
80 o)Az AEBE49 ko] Controlo] HE AL oz BT

a9 1189 YER ulsp o] A ol el A wiFEA obdd A
s} gAEHA e EY RE HHRe) GL #ol 80 oldE B AE =49 3
o NS Aoz gwudth ¥} Control EXAlelA3} SF €3 A A0l=29
A% EB &#AAel=, EB-SF &€& A 7AlojA, P-EB €A A2 o) 1

d AUAes e GL %E 2ol geRzA AT Rohe A4 24

Husel o aAFPS & 5 Aok

23 1199 2 120¢ Bulking Agent® Saw Dust® Al&3 4714 F7/ <
Hx Aol 2o FHH|sFHANAM e woleg YEPAATE 28 11991 yEtd Hhet
2ol ujEx wopAFe H$ SF £¥AAelZ, EB €A A4, EB-SF =
g Aol Hulge] GIL kol 80 olAoldi Control EeAAe]Z Hu| e
GL#E 74 A=E eyl Zucconi (1981)59 dATolA A& 542 GL
80 ol Aol A A9 ¢tk @ul Control €8 AA A Hulde A9 FHHF
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Bulking Agent® Hay$®} Saw Dust® AM&3F SF &3 A Aol Hu|de 3%
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o ZaEy o AE 24

PR Hu FAHAFHA ostd g vgY AL RIIE] 25%0]
A+ M)A 50mg/kg ©)s, 7F=F Smg/kg ©l8t, & 2mg/kg ©ldt, & 150mg/kg
o]s}, ZE 300mg/kgelsdt, & 500mg/kg, Y& 50mg/kg °©ld, oA 900
mg/kg ©l8tZ FAS L glom, Ve FH LR f71E/24 50013, NaCl 1%°]
2 FASE Quk BAE HE 7|F9e gEow FIFLogE K Fe, AlY
ubglE o 2 ko] 2|85 H(CEC)5 S S435 4 H7F 3ttt Inoke(1979) &2
23 25L& FHust APgo] wa Fol2AF5 ol A FUMEHL A
¥, = Harada(1980)5 < Folex 8581 Hulo ¥ A=rt #ddo] ot
I Ra vk Aok

1) ¥18]3} Bulking Agent2A4 2] Sorghume| ©]-&

T 349} # 3BE 4712 2FH EFAol=ze HuldA 604 Fof LaH
Hlo] A& 24 Axs Jehd 2324 E Huls Ao Azd HAFT FHH
AAET Y BAE UE FAFAIY vIA BE FEqA T|FEolde ¥

vebli Atk Control & #|7012, SF E8A]7l014, EB <1470,
gAA D Huje S5 TF 3 AR TR O/NH|, A& 25
A& ekt Hgol A% 4704 =39 Hulgho] glef 0001 mg/ke
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ol&te] S o kA H
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4 e s rgoew SF A AA) EB £8A AR Hule 47 503,
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b 58 AL & 5 Aok NaCle) @32 7 Huldl A 01%°]stz &4 = o
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¥ 34. Sorghum$ Bulking Agent® A& 4717
vl o F5&

T £AAla TEH

Items Hg | Cd {Pb | As | Cr | Cu | Ni | Zn K Fe Al
Control | N.D.10.001| 0.11 1022 | 0.15 | 028 | 0.03 | 056 | 6.18 | 22.62 | 37.27
SF N.D. [0.001]| 0.04 | 0.24 | 0.14 | 022 | 0.02 | 047 | 663 | 14.33 | 27.34
Compost
EB N.D.|0.001| 005|020 | 0.13 } 0.30 | 0.02 | 0.59 |14.84| 25.67 | 37.23
EB-SF [0.001/0.001] 0.04 | 0.28 { 0.14 | 0.16 | 0.02 | 0.42 | 597 | 10.84 | 1894
Guide Line for | o |\ 5 | (150| <50 <300| ¢<500| <50 | <900| - | - | -
Fertilizer
(29 mg/kg A=x FF 719)

2=
=

I 35. Sorghum< Bulking Agent® Al£-3 47}A] 7/
vl o] 7le} &5 gk

A A Aol TEH

O.M/N Water CEC
Items O.M(%) i NaCl(%6)

Ratio Content(%6) (cmol/kg)

Control 296 194 448 0.08 40.4

SF 31.0 18.1 46.2 0.09 50.3

Compost
EB 306 186 457 0.05 46.0
EB-SF 30.8 18.2 46.0 0.06 51.7
Guide Line for
- > 25 <50 B0% 1.0% -
Fertilizer
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(2) E¥)3} Bulking AgentZ4] ¢ Hay9 o]-&

¥ 36, ¥ 372 AZ ANA Huly FFEH /UE, 24, TEE FF
2% Aot} B Hu3 Ao AzxE HF Hy AAER} Sl F
TFAS vasrd ZE FEdA 7|EAd vl g vn3 ¢
I gtk 3] Control £#x A0, SF £ A Ao|=, EB £ A A 0|
EB-SF <@ AAlA, P-EB &8 xA iz Huld 7zt whgx9o FIF45 FF
e vlF o}F e e BRIt FEIFLS F 0%HEE B
F1E FFE 30% ol dE B RAFHER ARV T S AL
By} o)l EHE Control XA, SF €8x Aela, EB &3 A A o)
3, EB-SF &8 X Ao|3, P-EB &g AAlela Hulsp 2h2; 47.0, 52.3, 49.7, 54.3,
630 cmol/kgd FXE BT 53 P-EB £AAc=2 Hule 4+
Control & A #Alel= Fuld Hla] FHezE & Aol& B AU T &0
=L Aow ey,

Z
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% 36. HayZ Bulking Agent® AME-S 57FA) 7 S8A7l0)2 2aHv 9 555
g

Items Hg | Cd | Pb | As | Cr | Cu | Ni | Zn K | Fe | Al

Control | ND {0.002| 0.05 | 0.54 | 0.06 | 0.23 | 0.02 | 0.46 | 9.56 | 5.36 | 1591

SF ND (0.001]0.02 | 032 | 0.04 | 0.13 | 0.01 | 0.26 | 587 | 5.08 | 7.96

Compost EB ND 0.001| 0.03 | 0.35 | 0.05 | 0.15 | 0.01 | 0.30 | 545 | 6.22 |10.65

EB-SF | ND [0.001| 0.02 | 0.30 | 0.04 | 0.12 | 0.01 | 0.25 | 560 | 4.73 | 7.55

P-EB ND {0.001{ 0.02 | 0.29 | 0.04 | 0.13 | 0.01 | 0.27 | 518 | 4.95 | 8.4

Guide Line for
Fertilizer

2 <150| <50 | <300| <500| <50 <900| - - -

2N
%2}

U

(29 mgkg A= 5F 71
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¥ 37. HayZ Bulking Agent® AME3 57b4 &7 SeAAlela 2asy|e 7E &

2 g
. CE
ftems OM%) ?11;11/3)\1 COZ:rE:(r%) NaCI8) (cmolJCkg)

Control 34.2 185 43.7 0.18 47.0
SF 32.8 16.7 44.1 0.13 52.3
Compost EB 334 16.3 443 0.13 497
EB-SF 317 158 42.0 0.13 54.3
P-EB 32.0 176 41.3 0.16 63.0

Guide Line for Fertilizer > 25 <50 <50% {1.0% -

(3) ¥4 3} Bulking Agent2A1 ¢} Saw Dust?] o] &

)

¥ 387 ¥ 39= HAE A" g8 g8 fUE, dh TS
g =9 =33 ZAgo|t; Bulking Agent® Saw DustZ ©]&3 Hu|gMx
2 o)lg3d Fuste} uavixE HujF3A R 4 ZdHg 3

HAE vg FATEL HudRd BE FEAA Ve gt 2 FAR
(o]

Control €8x Aol=, SF &¢8A A2, EB €A 7Alo]d, EB-SF &# A7l
32 FHeg 7 vgzo 234 %S Bulking Agent® Sorghum¥ HayE ©]
43 Buagd v £ F345 §HL JUEHE dRTEY FFEdNRE BF
v 28k #AE E3th

ol en e L Control Ao, SF A A2, EB £HAA0l=,
EB-SF & & A Az HH7b zhzt 32,0, 357, 32.3, 39.0 cmol/kg®] FAE R
Zt FujdE 11 Zolrt AR FA YEiETh

I
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¥ 38. Saw DustE Bulking

Hlo FEE 4 F

AgentZ AR & 471A FF S AAla LaH

Items Hg | Cd | Pb | As | Cr | Cu | Ni | Zn | K Fe Al
Control | ND 10.002| 0.04 | 050 | 0.06 | 0.30 | 0.02 | 0.44 | 2.81 | 8.14 | 16.42
SF ND [0.0017 0031076 | 0.07 | 0.12 | 0.02 ] 033 | 2.31 | 7.09 | 10.31
Compost
EB ND 10.002] 0.05| 044 | 005 |0.31 | 0.03 050 | 3.05 | 896 | 18.71
EB-SF| ND [0.001{ 0.03 | 0.730.07 | 0.12 | 0.02 | 036 | 2.35 | 7.35 | 11.50
Guide Line for | o | 5 | (50| ¢50| <300| <500| <50| <000 - | - | -
Fertilizer
]

(49 mg/kg AZ % 7]15)

3T
AL

Eule 7e 5 FF

39. Saw Dust2 Bulking Agent® A}£3 471% 7/ £eAAela T&

O.M/N Water CEC
Items O.M(%) . NaCl(%)
Ratio Content(%6) (cmol/kg)
Control 36.9 276 42.2 0.10 320
SF 32.8 24.2 404 0.08 35.7
Compost
EB 34.8 23.7 41.6 0.09 32.3
EB-SF 31.0 21.7 40.2 0.08 39.0
Guide Line for Fertilizer > 25 B0 {50% {1.0% -
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(4) s2&Ad 3kGye AR AAXES 77 A SCODY 734
2  Control tH Zz+ 7wl 4¥E  S-Proteing  ZZk 3ul9} 6H|E,
S-Carbohydrate®= zt7z} 6uje} 12812 F43] F7Ft9 3 WA A #Fo] F71E
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enhancement of dewaterbilities of sewage sludge, development of dewatering
conditioner, reduction of trace toxic organic chemicals, and the toxicities of
the byproducts were studied.Based on the basic experimental results, we developed
the pilot-scale system with the continuous e-beam and dewatering unit and the
advanced treatment system with the use of carbon source recovered from sewage
sludge.

Subject Keywords Bio-solid, -Chitosan, Compost, Dewaterability, Organic
L (About 10 words) Toxicant, Radiation, Sewage, Sludge
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