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Efficiency improvement of Recirculating Aquaculture System by

Using Fluidized Bed Reactor
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To estimate the effects of fish disease resistant in recirculating system.
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SUMMARY

Efficiency improvement of Recirculating Aquaculture System

by Using Fluidized Bed Reactor

The wastes and uneaten feeds from farmed fish contained high concentrations of
nutrients, such kinds of materials were released to the environment without manage and
they increase the pollution of environment. Therefore, management methods are required
to solve these problem. In present, a lot of methods existed in managing the wastes from
recirculating aquaculture system, the biological filter chamber included submerged biofilter,
rotational biological contactor (RBC) and fluidized bed biofilter, etc. Submerged biofilter
was extensively used now in domestic fish farms, it can be operated without extra energy
charge and was adapted to different conditions. However, with the increase of submerged
biofilter chamber sizes, the efficiency of this kind of biofilter decreased. And also
according to the different users, there was a big difference in its efficiency. Meanwhile, in
order to estimate the bacteria and uneaten feeds, it must be cleaned in definite time (1-3
months), and the efficiency of biofilter decreased greatly after one month of cleaning and
therefore need a lot of human power to manage water and improve water quality. Another
problem is that submerged biofilter need 6 times of volume compared with Fluidized Bed
biofilter. RBC was also extensively used in practical as well as submerged biofilter.
Recirculating water attached to the upper of rotary drum and to remove the waste based
on the power when the energy of dropped water change to the energy of rotary. Similar
problems will be happened as it was in submerged biofilter because the bacteria attached
on the rotary drum will drop off after a period of time. In order to solve these problems
in biofilter and to decrease the time necessary to manage water, a good solution —
fluidized Bed biofilter, that can be possibly settled and have good efficiency in managing

ammonia, should be developed necessarily.
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A7 % % Az

A4 UsS. o Environment

EPA Roberts Klontz Nightingale Canada Meade
Alkalinity as CaCOs 20 0.02  20-200 20 10-400
Aluminum 0.2 0.1 0.01
Ammonia 0.02 0.4-3.0 0.0012 0.1 0.02 0.02
Arsenic 0.05
Barium 5.0
Cadminm 1.2-12 0.05 0.05 0.02
Calcium 52 4-160
Carbon dioxide 2.0 0-10
Chrominm 0.1 0.5 0.04
Coliform(cell/mL) 14
Color units 75
Copper 1.0 0.01  0.006 0.002 0.005 0.006-0.03
Dissolved Oxygen 50 40 5>
Hardness as CaCOs3 300 10-400
Iron 1.0 1.0 0.5 0.3 0.01
Lead 0.03 0.1 0.02
Magnesium 0.1 15.0
Mercury 0.05 0.1 0.2
Nitrite 0.1 0.55 0.1
PCB 0.002
pH 6.6-9 6.5-85 6.5-9.0 65-80 6.5-9.0 6.5-8.0
Potassium 5.0
Salinity 5%
Selenium 0.01
Sodium 75
Sulfide 0.002  0.002  0.002 0.002
Total dissolved solids 250 400 400.0
Total suspended solids 8 80 25 80.0
Turbidity 60
Zinc 0.04 0.03 0.005
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= F Q st

FEUoly Ax Imgol A4y Az Aslelivl o Tmgel AR E} AvHER ST
pHe} dZeles #4sta, CO, 525 5718k Gujeret Boller(1984)+= 50mg as CaCOgy/L
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NH; + HO = 1\IH4+ + OH (3-2-1)
ANHa] g (3-2-2)
[NH ]

pKa = 0.09018 + 272992 /T, °K (3-2-3)

21(3-2-1)& pHe %9 =24 (25C, pKa = 9.25) pHS} 259 Z7F+= WSS o7
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InfedfZone Ougler Zone

v +
Tiilew Particle i Outflow
T l —_
% 1 =
Settling Zone
Sindge Zone |
7 £ R

<a¥ 3-2-1> HAAFzdA nFEL AHAL

KAV
KAV

<FE 3-2-3> A A4 A AAEE AAZX 74

ANAYDA | BAAFEE | Vse = , Volume HRT
dm | Vsm/s | vexaz | " W O I PO S Ot
10 0.00001 0.00001 319 |319.10009| 1.0 0.5 |159.55005| 637.69003
40 0.00017 0.00021 20 19.94376 1.0 05 9.97188 | 39.85563
100 0.00109 0.00131 3 3.19100 1.0 0.5 1.59550 6.37690
200 0.00436 0.00523 0.8 0.79775 1.0 05 0.39888 1.59423
400 0.01742 0.02091 0.2 0.19944 1.0 05 0.09972 0.39856
1000 0.10890 0.13068 0.03 0.03191 1.0 0.5 0.01596 0.06377
4000 1.74240 2.09088 0.002 | 0.00199 1.0 05 0.00100 0.00399
10000 10.89000 13.06800 | 0.0003 | 0.00032 1.0 0.5 0.00016 0.00064
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Back Washing(Air or Water)
1)

Solids
HRemoval

Inflow

Outflow

<18 3-2-2> =#HIAEH £ BAE,
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= oatstEt Ao R AbsiA7 AL, A4 StES YEYol e Hildow upfo] o
7173 Bre g olo] Al i AH(metabolism)= A7 Sl AdEHCA fF71E9 4bst 2 EIE §

A RS oL o] YA dFE o] gdte] MER HEE FAFstL T HAZEFS

Fotod MAEE HElete 4SS ARG ol e 77t wre FEe Sy gol xdd
=
CxHyOz + ( x + y/4 - z/2 )0, — xCO; + y/2 H,O - AH (3-2-6)

(CxHyOz)n + nNH3 + n( x + y/4 - 2/2 - 5 )0, — (CsH7O02)n

+n(x -5)CO +n2(y -4 )H0 £ AH (3-2-7)
(CsHO2)n + 5n0O2 — 5nCO, + nNH3 + 2nH-O - AH (3-2-8)
o] 714, + AHT HEgof o] &5 & oA o]t

Burkhead 5 (1968)°1 9lat®l =714 wrelglote] AXhAL= o F- 2578 Hol7l &+
5ol 98 ZHASHEE FAll dojdta B frlee 2714 vAdEe] A
Zhgol oal] AMze AER Aol "drh vkES Foto]l EAE AUA e 1/32 AEE FAEY

32
o

W deR st oA Pom AME G 2/3% MER AERE H3Ee=d ol &Hrh FAAE Al
X g VSS & AE5 = oA & 2.3 Keal/g VSS o ALz H3s &= YA & 47 Keal/g
VSS 24 AA odlyA &= 7.0 Keal/g VSS7F ® tH(Mckinney, 1984).

W] A E mAE T2 WAEE 9 METe] Folut AogA HFHOoE 0% g

VSSE AEZe F995 E#MaL %l Lipoprotein-polysaccharid H§&2 a8 27153 &

o7 oA drt. HAZFL 20ClA 2.0%/hro]t}.

T

(L)) #Akst
AsE ££99% v A E(heterotrophic organism)o]E =HJ Y 1 AL (autotrophic organism)
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o] AquAE Bazsty o Ay o] g&d YA 7| A (Energy Substrate) -2 H|AE T2

S Hol A4 eFFHL- et B ALE Agste] oUAE A= @AkE ubg g o}
(Chemoautotrophic)= S HA Y v Eo|t) tF=e] nAELS Ao NH, FH ALE
o] g3t} ZHAF Yk ol w30 tSy g

(NH4+ or NO3-) + CO2 + autotrophic

energy
> Cell, Protein (Organic N) (3-2-9)

Arsts 3714 Aedd A

=

A e flE Fel 2 Ade 4ol FHEHAS

dojtr}, A we ol A AET(fixed film)¥ FF A Al~#(suspended
growth systems)olA] @& Bl &S A o= TEH5G Y b glotol vla) Hzls] gt wet
A, AlAESHA SHoA HAd AAstE o] F7] flsiAe AdE $HeclY Faor HAks)

nAgEe] Aol frleds Adtete F59Y HHdre AFE Eu A FAsE Aol

A Azl A o] Aabsts e vESol o dpRYolE ASHoR AsAT]= 348 94

59 < b g o} (Chemoautotrophic bacteria)oll 2] gk Z o] t}.

NH;" + 150, > NO.; + H.O + 2H" (240 - 350 KJ) (3-2-10)

NO: + 0.502 > NOs + (65 - 90 KJ) (3-2-11)
o] gk WkgolA WEEHE duUA= COp HCO;, COs & 2 Frigtagozie Hasdh

Tl Gk Ak mAdEel 9d o]gHh

Nitrosomonas$} Nitrobacter= HA 7|02 QP Fo AAa7) §loje AMESHA] gFe=t).
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Nitrobacter®] 4 ¢] CsH/NO:=Z YE I 5 9l

gew 2.

Nitrosomonas N
+ 3CsHNO:, + 23H + 4H.O (3-2-12)

15CO, + 13NH4' > 10NO2

Nitrobacter ) N
10NO3 + C5H7N02 + H

>
(3-2-13)

5CO; + NH4 + 10NO; + 2H:0

MEAZFE 015g VSS/g NHi -No| i Nitrobacter®] AEAFE 0.02g
S =

Nitrosomonas 2]
Mzl stsr EALS TS

VSS/g NH, -No.Z 7}4 34,

55¢ NH4 + 760, + 109HCOs3

Nitrosomonas )
> C5H7N02 + H54ANO; + 57HO + 104H2C03 (3—2—14)
400NO, + NH4+ + 4H-CO3 + HCO3 + 1950,
Nitrobacter )
> C5H7N02 + 3HO + 4OON03 (3—2—15)

o gevt 2

T

Aastol olsf datst wre|eofel] o gt g Abske] A whg

NH, + 1.830; + 1.98HCO;
> 0.021CsH7NO; + 1.04H20 + 0.98NO3 + 1.88H3COs3 (3-2-16)
Foe AelA A el MAE 2o AAE AsE dUey Aad wlg ge 4
AreTEe AAR g NH-NG o 42g9) a7t asiel, 243 24
w7b 7R

g sk AR B A7)

B, ogl A BARE NEan U 4
ANAzA SRS A ] 722 s e Ao A

st el o] 45 22k
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Itk (1993)E AU o] 8dte] Frujote] Aibstel B AT AdE B v
pow k1993)3 (19872 A= o5 WIS o1& AxA el #she] ©](1992)¢t
A(1995)E e F53 THE o8] FHF =HFA
2| EE oAl 2 ALRE B ofabye] s 1
A AAFL 2 thE NH-No| 0xp2oz s} n
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(th) 243}

g5t kg FARA AEjO A Frldy A el EAE uf =4 48A (Hydrogen acceptor)=
& 2§ ok 1| A E-(Heterotrophic microorganisms)el] 2JsfA] dojyp+= b

golth, gaste] wgAe thedt Lo e oyl
NOs3 + substrate —> Ny + COs + H.O + OH + cells (3-2-17)

b4 dukzx ol ed3t whg|glol 23 Bacillus  denitrificans, Micrococcus — denitrificans,
Pseudomonas stutzeni, Achromobacter 5©°] ¢lom E Ao #Hosl= At FoAE E3
Pseudomonas denitrificans®] @23} &40 &2 Aoz yo JuUisgkkT &, 1982). &4

slol] it Astebd whE-2Ale o 2 (McCarty &, 1969).

NO; + 1.08CHsOH + H'

0.065CsH7NO2 + 047Nz + 0.76CO2 + 2.44H-0 (3-2-18)
gAHEg-o] glojA el SFEAEA O] Omg/LolAFE 1.0mg/L7HA S7Fstd @238 % o] Ao
uel AP TAE BAva g A Aok FAFAZO A Img/ NO; -Neo &2 sl ts)A
3.57mg Alkalinity(as CaCO3)7}F ATy &A1 o™ Img NO; -N7F 243 Hk-g-&
AA7] 8= g 3mg/L BOD7F AblE o]tk <3 3-2-3>0l&= &gt Zast {7|e

219l ¥ &4 & (Specific denitrification rate)S YENY A tHW. Wesley Eckenfelde. Jr, 1989).

A GdsHe duUAdS g5ste e metA AA Wuhrmann 2 2

Bringmann %2¢] 7 FHZ FREAGUAAFEE, JHirkE, 1978).

Wuhrmann W22 @28 dx9 7] &daxds HrbskA il

T ol FoldE BODS AT Fdd o8] MEAE olgste] gdS fFEde Wl
T

Bringmann W21 & o]¢t= HE R §7] BAYS Hubste g4 S
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B o7 gz $HASY WwE Yol 5 E <19 3-3-2>¢ YEATE HAA &7
=
[¢)

B oF 05 mg/L2 A seehs Fexddel me 74 &4

HES 7] 98 Air-Liftd A4 &%

X

HRT 202914 a9 dEYol v%7F 05mg/LY Wl 5

2= 0.15mg/L, 0.12mg/L, 0.25mg/L, 0.18mg/LZ WES S ™, HRT 15749 F&59 &

Hyol T2+ 27 0.22mg/L, 0.17mg/L, 0.25mg/L, 0.08mg/L= WElsta HRT 1

FE59 dRYol 3x= 7217t 0.14mg/L, 0.13mg/L, 0.14mg/L, 0.09mg/LE et HRTE

FHl R SIS AFEtE fEFe] dEYel skede 2 Wbt gle
f

=
Al ® YEs oy R4 floating media®l &5 $EUol s HAsdas 45 Ak

DA EAVIEG FHE 4 ez dRYol AAZEY WMEE <1y 3-3-3>° YE
ek, HRT 2084 R1& 77.6%, R2: 77.9%, R3: 57.6%, R4x 789%= Ewton
HRT 158049 ool AAZES 2+7 645%, 74.9%, 69.4%, 87.3% % ebytar, HRT 10
Fo A ¢ R1L 69.7%, R2E 71.2%, R3E 74.7%, R4E= 81.2% % el HRTE 20814 10
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inf. conc. 0.5mg/L R1 R2 R3 R4
HRT 20min 0.15mg/L 0.12mg/L 0.25mg/L 0.18mg/L
HRT 15min 0.22mg/L 0.17mg/L 0.25mg/L 0.08mg/L
HRT 10min 0.14mg/L 0.13mg/L 0.14mg/L 0.09mg/L

inf. conc. 0.5mg/L R1 R2 R3 R4
HRT 20min 77.6% 77.9% 57.6% 78.9%
HRT 15min 64.5% 74.9% 69.4% 87.3%
HRT 10min 69.7% 71.2% 74.7% 81.2%

ZF WkgZ W NO3 -N¥&=o H3ls <9 3-3-4>o] yeAet. HRT 2044 R1S
10.6mg/L, R2¥ 109mg/L, R3¥ 9.1mg/L, R4E 104mg/L= e om, HRT 1559 A <
NOs -NeE: 7Z+7b 124mg/L, 12.4mg/L, 12.2mg/L, 12.1mg/LZ e, HRT 1059 A

NO; -N¥ =+ R12 11.7mg/L, R2¥ 11.7mg/L, R3+= 11.6mg/L, R4+ 11.3mg/L= e
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N Concentration (mg/L)

NH,

-N Concentration (mg/L)

4

NH ™

-N Concentration (mg/L)

4

NH ™

0.6

0.4 4

0.2 A

0.0
0.8

0.6 A

0.4 A

0.2 ~

R1 inf.
R1 eff.
R2 inf.
R2 eff.
R3 inf.
R3 eff.
R4 inf.
R4 eff.
T T T T
1 5 9 13
—e—— R1linf.
O R1 eff.
————— R2 inf.
— = —-- R2eff.
_— - — R3inf.
—_ O — R3 eff.
— —— — R4 inf.
——— R4 eff.

0.0

0.8

0.6 1

0.4 ~

0.2 1

R1 inf.
R1 eff.
R2 inf.
R2 eff.
R3inf.
R3 eff.
R4 inf.
R4 eff.

0.0

1 2 3 4 5 9 24 30
Operating day (day)
<9 3-3-2> Wz dRyol & Wl
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NH,4*-N removal efficiency(%)

NH, -N removal efficiency(%)

+ -
NH,"-N removal efficiency(%0)
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<9 3-3-3> 7 e PRl Aas Wtk
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NO;-N (mgiL) NO3™-N (mg/L)

NO,-N (mg/L)

30
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15 A
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20min (HRT)

—@&—— RIlinf.

O R1 eff.
——-v—— R2inf.
——v-—-- R2eff.
— & — R3inf.
— —0—— R3eff.
——4—— R4inf.
—O——  Réeff.

12.6

12.4 1

12.2

12.0 4

118

N
0.. ™
~

R1inf.
R1 eff.
R2 inf.
R2 eff.
R3inf.
R3 eff.
R4 inf.
R4 eff.

12.5 4

12.0 4

11.5 4

11.0 A

105

10min (HRT)

R1inf.
R1 eff.
R2 inf.
R2 eff.
R3inf.
R3 eff.
R4 inf.
R4 eff.

10.0

10 15 20

Operating day(day)

<¥ 3-3-4> 7 ¥hgx¥ NO; -N §% ¥
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< 3-4-2> APz mE dRYol k= W}

. Fresh Water Sea Water
Influent Ammonia
Concentration KL s1 KL S
0.5 mg/L
0.14 0.16 0.45 0.46
(0.6mg/L)
1.0 mg/L 0.21 0.21 0.62 0.64
2.0 mg/L 0.83 1.10 1.56 1.67

AA SA/FES FAE 4 gz @ duiol AARES] WS <Y 3-4-3>9 e
N9, duuel AARE dolAE BiEAdA tEd 2ust dszdel el A v
uth drEeldt $AAFs 3ol nheh dmUol AAL L] 60%0] %S A5
B, 69 GEUel ¥EE L0mg/LE F/AAE GEUC AALEE 80%FFES FAGE
Aow vhebuth d5e] 4% AwAoR guicl AAREe] WA ekt £E 44w

%8 F71472 4% KL ditebt S1odejele] s thi e guuel AAEES
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Total Ammonia Concentration(mg/L)

2.0

—&— Influent
O Eff. KL Fresh Water

—v— Eff. SS

2.0 4

—&— Influent
o Eff KL Sea Water

—v— Eff. SS

0.0

10 20 30 40 50 60 70

Operating Day(day)

<18 3-4-2> ¢ RUol »% W3}
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1.0mg/L 2.0 mg/L

0.5 mg/L

Fresh Water

Sea Water

KL
- 8§

100
80
60

0
0

T T
o o
< [¢3]

2

(9p)Aoua1o1T [eAOWDY BIUOWILIY

80

Operating Day(day)

<19 3-4-3> R Yol AATE W}
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® Fresh water
O Sea water

20 40

Operation Day(day)

<71¥ 3-4-4> pH W3}
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Feehd fetxzde] wE 7t A 2dE dRYol A7 5A4E nEey] fal, kA AA <
qu} AARES Bol7] Azetd, dAH 2 F&& S7HA ez e a4 AFAZ
STHAAT 71 EHxAL HRT 2085 7I2o= 48, HRT 10, 5, 12874 2

2NZ AFRE <29 3-4-5>9] Ve AT
HRT 20&A F952 dEYol #%7F 05mg/LY W F&59Y dEYel srv @
Aol 2 Ey A4 wgoel Z+ZF 0.06mg/L, 0.03mg/L, 0.20mg/L, 0.23mg/L= "}E}‘fkgtﬂ,
HRT 10%°1A4 9 &5 dEYol s=& sl 99 27 0.07mg/L, 0.09mg/L, 0.2
0.22mg/Le UEIST). HRTE 20804 10802 Fule ZAAAL 49as §559 otn
Yol se= & W3t fle A= yewt HRTE 702 S7H#HS 4

el ¥EE dAFst wE 7

\
¥

o
0.15mg/L, 0.16mg/L, 0.26mg/L, 0.25mg/LE }E}%:o
HRT 20%2 10+ B as)s fFrETY dEYol F=7F o IS S & Ut
HRTE 12892 9SS A9 §&59 d2yol ¥%i 024mg/L, 0.21mg/L, 0.24mg/L,
0.23mg/Lo& 7t7F vEpsdth o] A4S @59 FE559 dRYol vrE FUbe v, 59
FE2T79 dEYl vEE A Wt gl AoE YERth HRT 202904 FYF9 4=
Hol T5 & 10mg/LE 33S W 55 dEYel 55 @59 dFddA T2 T 44
Mol 2 Z+7F Ay e 0.22mg/L, 0.27mg/L, 0.64mg/L, 0.67mg/LZ e on HRT 10%
oA FE59 dRYol == 77 A H 0.60mg/L, 0.31mg/L, 0.66mg/L, 0.69mg/L= Y
bkl HRT 2029 4%< wusinyd HRTE FHZ S7HAS 49 559 d5yo}

=7F @] abdultiole] 0.31mg/Le] A5 AlQdti Frtete o yEhth HRTE
5@4 12702 F7MA7IH FE&59 $=7F 217 0.83mg/L, 0.85mg/L, 0.84mg/L, 0.84mg/L
¢} 0.92mg/L, 0.92mg/L, 0.92mg/L, 0.95mg/L= =LA Z7}st= Aoz YEh} gy ol A<
AAEA &S & 4 Utk HRT Wate] 2 Ryl AAZES Ay §9 d=yo}
% 05mg/LelA HRT 20&¢ w Q53 A widoebd=z g4 9 s 27 oF 80%,
90%, °F 40%, °F40%<] AA&S ®eltk HRT 10249 AAELS B HRT 2084 9}
17F 155 & 4 Arh HRT 5%014 w9 Hegago] sl Meagr A 3

]_
A%e & 93 HRTE 12902 392 2% 95s sl Aedaee of 4% 4=

Ji

o

sElde o 4 gow, ol W Aelm uEhid 9t AL & & Ak 59
FuUel ¥EE 10 mg/LZ F/H7 Fo HRT 084 2057 444 wdel 479
A mgol Biel 4% o BUAE el A9 o BUAE] Aass RAT FEi
T2 FASHEE el AR 9 gEUcE AAs: dow st



iy of 5ol wheh ¥ Apol 7k ¢l

<3t 3-4-3> HRT®| w2

9 F &
Inf. conc. 0.5mg/L
KL S1 KL S1
HRT 20min 0.06 0.03 0.20 0.23
HRT 5min 0.15 0.16 0.26 0.25
HRT 1.2min 0.24 0.21 0.24 0.23
Inf. conc. 1mg/L
HRT 20min 0.22 0.27 0.64 0.67
HRT 10min 0.60 0.31 0.66 0.69
HRT 5min 0.83 0.85 0.84 0.84
HRT 1.2min 0.92 0.92 0.92 0.95
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Ammonia Concentration(mg/L)

0.6

os5+F77 - —"7"7- —>———""""-""-""""""""""" " " """—"———————
—@&— Fresh water-KL

0.4 - --O - Fresh water-SS
—w— Sea water-KL
— - Sew water-SS

0.3

0.2

0.1

0.0

1.25

1.00

0.75

0.50

0.25

0.00

Influent Ammonia Concentration = 0.5 mg/L

o 5 10 15 20

Hydraulic Retention Time(min)

<219 3-4-5> HRTel W& =Yoo}l s W}
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Ammonia Removal Efficiency(%o)

100

0

60

40 +

—&— Fresh wster-KL
20 --O - Fresh wster-SS
—w— Sea wster-KL
— - Sea water-SS

0
80
60
40 +
20 1 —@— Fresh water-KL
--O-- Fresh water-SS
—w— Sea water-KL
) —v - Sea water-SS
0 T T T T
0 5 10 15 20 25

Hydraulic Retention Time(min)

<19 3-4-6> HRTo| W& tryol AAREE W3l
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(3) Yo} Fatz7o] mE FEYel He 54

PR ol Batzdel W 7 4 =AW Rl A4 S4L nAe] 4, §9 Ry
of 5 2 % b 558 3

E5 05 1.0, 20 mg/LE 7oz 335
WMo zo] A ANE <19 3-4-7>9 JERYL A
A gEyol Rat Ao 1200 g/mY/dayZtA 2 e F ¢
Bale] W AASS AHEd ¢ tEUol Ha7F 50 g/m’/dayd G 4
S1 wtjole] AAE] & 46 g/m’/day2E UEN} =& AALS BPa, dFe] A w9 o
Buol Ba7t 50 g/m’/dayd W AALe] oF 29 g/m’/dayo® vrERY wEel] e a9
45 AAL] BA e E=3 £ gEyol Balrl oF 160 g/m’/dayd S HEE 98
g/m’/day2 UEFIL, S5 64 g/m’/day® LFEFWETH

A drYol AALS 1B AL @5 45 HY dRUol F&7} 470 g/m’/day D
KL# tob= 168 g/mY/day S1 #tlob= 207 g/m”/day, sl 4% ¢ ¢Euvjol 3317} 480
g/m”/day¥ w KL#tlol= 154 g/m*/day, S1HltlelE  204g/m”/day = heEb%E

9 bR Yol Rato] wE g U HaERAdA ZF wWdold AARES] WAZS <19
3-4-8>0l Yetiigleh. @A KL S1 vt o] AAELS B4 45 vtol F/ol #7
glo] 35g/m’/daye] ¥-atzzlolA AATEES 10%~80%° HE vEbuth F¢5-5k7)
70g/m”/day & AAZES] A §lo] 70%~90% A= AALES B APdEHE AT
B, TdFeH T oA R SUtst e A S A e Ao ® yEwT sl A5
ol Hls dAAom AAZEC] FS& AORE YERT of& Hol o] mAEo] %35t

o g wa wg oA skl AaHE AL % F 9

4

1

FYHE F guUclyd A4 Najo wE 54 Fo WL grele] FEE <19
3-4-9>0] UEhSith. USEPAU9T6)ol M %ol g w85 F9 wlo|&4 druele] FuE
0.02mg/LE A k. B ATelAe] ARG o] JFH MG B, BF 2ANAE F
9 % QrEUol ¥al7h 100 g/m¥/day skl AG &5 Fo wlo|&A dmuele] HE7}

USEPA°I A Al¢tet 5= o]stz veltal 9lon 3
g/m‘/day o]atd 7% USEPA°|A A ot3k

Foll mlsf sl AAREC] BVl WEoR AztH W o}
%’il;— 2o e
2 ATARE & AFA%e} vludtr] Ya <29 3-4-10>°] A7AE ol wE A
A% (g/m’/day)S = A8F9 T} plastic bedE ©]-€3F Hargrove (1996)2] A2z 7tz o my
ol AAEL 60 g/m’/day$t 80 g/m’/day® YEFWEIL, Winberly(1990)9] A7 ZA = 100
g/m*/day® EFTE Fixed mediaZ ©] 43 Park(1996)9] 45 ww dEUol x| AKo

L |
O
-
4
ol
-
. N
-
—_ =
o
(]
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60g/m”/day 2 UERLon dElelol S HEF 5T
AALo] 240g/m’/day 2 tHERRTE B Aol A E e A
ol AAEo] F 200 g/mY/day & eI, S A9
o] 7% 150g/m’/day % e} Kim(97)9] A7A3%E A9
N&S Holx= Aow Uyt

AU E FEof A Abs A2 F8Ee ko] B 29S| s v o] 1 54
oz} & & Uk dolF &£FF Aol FE olfHe WHome A4 (Carmignani &
Nemmelt, 1977), 2o *H(Roger & Klemetson, 1985), Bildrums, Biodisks(Antonie et al,

1974), %= 3 191 Bead filter 5°] 9l

I
o

£ H&3 Kim(97)¢ d+&5 »d
- KKAFSE S1AFe] Ht]olr) bR
KLAFS] 72 200g/m’/day, S1At
g vt AA el vl Ee Al

o

Roger (19852 RBC, Biodurm, At<FolZd, 2ol ibe] 471 A9 39S ol &3t 2t &
He] A 585 vuddste] RBC ¥ Biodurmoll A 90%< R UYold Ao AAZES
A=d 22 0.05 m3/m2/day et 0.02m3/m2/daye] 2|4 F-31&0] QW Agofi) I
oA 50%°] drYold Hi AALES A7) 913 0.0lm3/m2/daye] FE3t4 Fa&S FA

= Aol a7 ETy BT},

A 4 2(1987)& A A AE FHo| X media® Cloth, Corrugater skylight plate, Embossed
palte. Gravel®] 47}#] th& oA S A}&3F AFo| A Fd49 IRl A %7} 0635~
1.02mg/Lol Al AR o Ao wet 27 0.547~0.945mg/L, 0.582~0.965mg/L, 0.608~0.967mg/L

o #EF dRVe}l FEE By

Nijhof(1987)& # =] 4] %*ﬂsg o] 83l 450m3/m2/day2] 42 &A
of AAZES Aon, AFojato] = 210m3/m2/day ] G882 Ralgol A 40%9] o

o AIAEES AU

Paller?} Lewis(1988)&= 2& HEZXE o & 55 o4 3 x 2] oA 5~441/1/sec?]
T84 FE&3 1~61lming] AFAIES A&t AFFx9 Yol & 08~1.6mg/L

= fAs AT

2
1o

AE3(1990)= R Uol H%EE Smg/LE AT AdF F24E Corrugated skylight roofing
plateZ media® ©]&ato] 0.028~0.111m*/m”/dayel ]38t ¥&t&3} 25T 2&ollA 19~
835%< dRUYol AAETES AU 2G/M(1994)F RBCE o] &3 sl55 Yol AA
w29 Hrlo) A 57~395m’/m”/daye] Feldd 2347 HRT7F 262~3.1hrel Z7AA 97%
o] 4R Yol AlARES B vl A}
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Y ol-F A4 AHelolA 44~1,.816 gNHs -N
/m*/day @] F-sPH oAl 98~66.9%2 AR U ol AALS Heon A §5= FHS o83
A& e Al 128~1,575gNH, ~N/m*/day®] H-a-¥ 9ol Al 62.3~92.6%2] A A &S

1A%1995) o FEF IWL ol g

L2473 (1996)2 saran mediaEs ©]-&3 FFF IAA AET FHS o] &slo ¥ FATFE

[e}
o s & AFoA 1147 ~ 3058¢NH, -N/m’/dayel ¢Fmyol ¥ w9jelx z+zk 92.9%,
90.6%° AALS Bk =3 3F AFANA 110~215gNH, -N/m”’/day ¢ ¢F=1o} F3}

A 97.2~91.0%° AAES KAt
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Removal Rate(g/m*/day)
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Ammonia Removal Efficiency(%)
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0.06

005 1 © ® Fresh water-KL
o O  Fresh water-SS
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o)) [ ]
E
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g
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This Study Fresh water-KL

This Study Fresh water-SS

This Study Sea water-KL

This Study Sea water-SS
Hargrove 1996(plastic bead)

Hargrove 1996(plastic bead)

Park 1996(Fixed media)

|
_ Winberly 1990(plastic bead)

Kim 1997(Fludized ded)

T T T T T T T T T

50 100 150 200 250 300 350 400 450 500

o

Ammonia Removal Rate(g/m®/day)

<% 3-4-10> B} A ZIete] dryol AlAE Wl
(Hargrove.96, Winberly. 90, Park. 96, Kim 97)

_79_



oL

o

R
N

SIS 5 =
L G A FAE fFE5es vhgRoA FX woold ol AAEA

M) #F 2 el U@ H5F

F o9 gl UiE 53 wexe] FRYel AL FiEAA e PR =
A4 gl AAZEE T0~80%2 vhebuieh
£ vtobel dwvel AA5YE AES A% KL} Sle) vjrfoba

(3) gdEYo} H3 TE =
o Yo} o]-:ﬂ G4z 4 KL "WtolE 168 g/m’/day, Sl
tol= 207 g/m’/day, 2714 KL wt]ol= = y
, A = 154 g/m’/day, S1 "l t]e}l:= 205 3
o g/m’/day
(4) v7FA] HRT W& 7oA wtelrt 9 dRYolsid AANHY 45 10
il o = [e]

37 AFARAANE B A bssran

o %)

A

a1
>,
e
>,
=
3
g
i)
r]I.
oo
N
1o
Mo
L

A = a Aee= <9 3-4-11> 3 Zoh
e 2o
o &% 600LolH, W] & 4L Htlels 70%E Tk Wd A fFxe
i = = L : -
o oL N e ZO]HEE}\]ﬂﬂ HETFE AMFZAdA A5 pumping ST =3 99
3 eedE FYot] RFEXAZY FYFEE S0mg/LE FASHESE sttt 7T
- - = H U

3 HRT+= 4A13Fo] At
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s media

feed pump
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71 A

R R

KeN
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AAZELS HRT 4hrol = W 40% wWelel AAZE

ALol EhT7E oA =
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Al 5 4 Pilot Plant

=

s R Abel 9194 o]

FolTh FA A zwoN e HAR Ae o}F Fa axolth ¥ ofFel )
3

gt vl HAAE S ol wAHE droks o fo 432 A

1

2 EAl A skofof Fhrh ofF Aol g FAdAES ALstr] AR FAE A
29 FAe e 1¥E AARA, 84 BE AARA o2 A" 854 =4 A
5L

How At} oz 9

g5 ZAEY] 98t 5% WS 2 E Pilot Plantol #8313t

S A"l AAIAS & AE =317 938 Pilot Plant 729 AdS Fa519
t}. Pilot Plant®] AFSZ% 832 55L(51.5%36%27cm), 25L(41x24.5%x25cm)Q]l %5 187] A&
dtel F 1440L= T8k
& TS
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2. A&

NG,
o
i)

7F A=

(1) =SAHJAI 25 4

AFSZ2R £8 HEE 9o, <a¥ 3-5-1>9 & BAEE YeUdch ASx %S
55L(51.5%36x27cm), 25L(41x245x25cm)Ql 25 187) Ab&3lo] F 1440LZ A st =3t
Sxol| F7] FFFAE AAsle] &L FEE FAGAT AF AASES S TAEHE
FEA2 10 m w79 7HEYA HHE ol &3t AAS AT E, dEYol= HERO] O

Uolg FAF 53 WSEE ol &3] AAGAOM, wBF HFAAE AW 0E L
&

Fish Rearing Tank

i + il +

Ozone 28254
Contactor Three phase fluidized bioreactor

Air
=

Cartridge filter Al
£ Air |

b 4

Ozone

» Ozone foam separation

<71¥ 3-5-1> Pilot Plant =4 &
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<3 3-5-1> Pilot Plant =38t 3A 28 21 ¢

Length Width Height  Volume HRT Total volume
Item 3 ) Number 3
(m) (m) (m) (m”) (min) (m”)
0.515 0.36 0.30 0.056 39.0 18 1.008
Rearing tank

0410 0.25 0.29 0.029 20.0 18 0.522
Cartridge filter $0.2 0.50 0.016 1.3 2 0.032
Fludized bed ) 1a 0.43 116 0.214 165 2 0.428

reactor
Ozone contactor  2.200 0.30 0.30 0.198 76 1 0.198
Retention tank 1.930 1.22 1.00 2.355 90.0 1 2.355

160Lx2%, 440L) 2 HE 43 Y. S8 dgoele et f52 9
Sk Bafflee] A& 71(1998)0] Akt AAJNAE A& 3, 8184 AFAZHHRT)S 165
T WSz TS Hols HEO]OE IES RS o] 85 a, A

o7 MAAsAY. F
1=

=
a

o
£
Lo
Jo
offl
NG,
i)
r b
S
=

<F# 3-5-2> "W)oo} BA X,

Contents Values
Specific gravity 1.06 ~ 1.13
Settling velocity(cm/sec) 65 ~ 6.6
Equilibrium diameters(mm) 7.1
Apparent specific gravity 043 ~ 052
Specific surface area(m”/m?®) 1700<
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Air supply
Influent [ Screen

L 1
=
>
a:':‘
o %
- a'.
=
"]
=

Rotameter[

— a9 ':'.I:I.'

Pump

Alr E.:. Cﬂzgﬂ o Air Bubble

o e :
Compressor * Media

<1 3-5-2> fFET ex AL

8

A 717 5 Aae 24 94, &5 4Alo] FEetsdth 1713 209 A= F oA F
o] 4%E FHEANL, 77 204 o] FHE] 60U A= F o] 3%E FTwolth A%
3-5-3>¢l vEtidleh A o] F2 § X (Oliver Flounder)& o

do R stdar, Hit oJATE 26g% S ol &ttt AR 2o S wiAle] 913
]

s oAl 43ES AR AT AANY =

2
N
o

of AE AR 2YE <E

ASE it ARE FFW H, A ES ALEE] HH“%; AAGG I, FARYS A%
2 37 1

b
/\_/:1—31 ,q]ij' %:HL

;&
kg

Ab 2E e SR HF st

S fdE APSE UE, 55 SR §F, SEHEX E TY AHAdA ARE
sl A EE5 (%), COD(mg/L), NHs ~N(mg/L), NO» -N(mg/L), NO3 -N(mg/L), pH, <&
ZHe) = (mg/L as CaCOs3), B (NTU), 281l SS(mg/L) 59 35 tjste] FHAEAS 3
stAth dEYols AEA ol d=He mel EA4% & AR pHe =55 FA st 21
= o]&3sto] Hlo]2A dEYolsr ks AlAtste] TR Yol (Total Ammonia Nitrogen ; TAN)
£ 38 v (Summerfelt, 1993).



ANl g o i —0.00018+ 2720.92/T, . K

i —
[NH, ]

obFAY Aot A dave Fded ¥

o FAdERoR e, A S

25 AU <& 354> AR 24 A

<% 3-5-3> AR x4

AA Y A wet Diazoa Method9t =}
52 Standard Methods(APHA, 1995)o] whe} Al

=
-3 AdiHe yEh AT

R

The ingredients of Feed”

Percentage of feed composition(%5)*

Protein
Lipids
Ash
Moisture
P

69.78
8.23
9.08
8.31
1.07

a . Feed stuffs not mentioned here are the

same feed stuffs as the domestic
aquaculture feed companies are using

(3-5-1)

currently.
b : Kum Sung Feed Co

A
kel

3-5-4> FHEA I

=~

Mo

Items

Experimental methods

Instrument

Ammonia nitrogen

Nitrite nitrogen
Nitrate nitrogen
Turhidity

pH

Alkalinity
Salinity

SS

Ammonia-Selective
Electrode method

Orion Model 720A

Diazoa method SAMRT 190 - DUV

UV absorption method SAMRT 190 - DUV
Turbidity meter HACH 2100-P Turbidimeter
pH meter Cole-Parmer 06669-20

Titration method
Salinity refractometer
Vacuum filtration

ATAGO
(dass fiber flters
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A5 w=deld A2dAA £EF W

= EAS a#Esry] 98l g A (Oliver
Flounder)E Ao 2 Pilot 7729 23S 335
J

o e85 FEe FAE AngelA A%
3

AA A7 FF AMSERY FEA¥EE #ostr] 98l COD(mg/L), TAN(mg/L),
NO; -N(mg/L), NOs -N(mg/L), pH, & (mg/L as CaCQOs), SS(mg/L) 183 ¥ %=(NTU)
59 FAAE el BEAE AuE <19 3-5-3>, <1¥ 3-5-4>, <19 3-5-5>0 }E}
AT
AHSZEW COD vt AA 4717 59 3~14 mg/Le] WHE Yy, Ay 9 mg/LE
Etutth A e COD sXd Hlste] tha =4 ves oy, f71E4d AAe ofF 4475l
T S v AA gerta Haxa k. AT AidAeE tgA =2 COD TR
Wort ol A & 9ol fle= oE AlsETh
T dEUYole ofF AFd & JFs HAe T8 FHAdA FY shuolth
USEPA(1976)°ll A = o] ol tidt wo]&4 ¢ 0.02 mg/Le]3t= A <+at
i Qv EYolrt o el H A= 42 ofF, pH, &, dusE T we dod A
o YubHom pH7 WM $F9 TAN ¥%9 1%7F Ho|L3l Iz EFsnz
USEPA #74# 002 mg/L& T5A717] $13 Ab52d TANS == 2
o= Aol o3 FEFow e v & pH A By
Sl

of 285 71A A A (Trussel, 1972. Bower and Bidwell, 1978). % A

me M
ac)
H

=

e, 43d 45 7Ag A2 yeut

= dRYolrt Aid AAE AMstE e BAHAA A EE S A EA T
HaojFel oA obdAAY Hie AvkdAx 54 S WA AHRusso et al, 1974 ;
Smith and Williams, 1974 ; Meade, 1989 ab) 3ol 1A ob &4 A 49 96hr LCse 600
- 1100 mg/L= H %3 JtH(Crawford and Allen, 1977 ; Epifaino and Srna, 1975). A A 23] 7]
T AS FRU ofdid A4 Fr RSE 001 - 008 mg NO, -N/L& e (139
°] 048mg/L Al9]), B+t 0.05 mg/LUety 453 45 FAT Aoz Yeylth
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°F 20 mg/L=

0 ==
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1

A 7]

O 2 ey

al

K

LHERSE T

ol 100~200 mg as CaCOsy/L<

ETHS

100 mg as CaCOy/LolE=Z HFTFTE

otk 59 dTYwE o

]
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=)
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o

w

)

o
oF
il

Ho

i 70 mg as CaCOy/L=

3

R R

T 760% FAEAL, L

3

1
T

AbszdU pH

be fA sk

S

A& &7 60 NTU]

A

2 YElg Y. %=+ Nightingale(1976)] <& #

60 NTUX.t}

and g A7t 7

gl

T 364 NTUR Yo gkl d%

3

Ry

’

%L

~6 NTU

=

)

o
A%

1

ol -§ ¢

=
=

2

10gm =719]

0]7‘:—

o}

o
A

L= i1

2 Hi 5

d|

= FX7F 25 mg/Lo]

5|

xol

el

£ Enviroment Canada(1979)°l 4]

Herbert and Merkens (1961) +ZEZA4 207 mg/L2]

o
T

o 4

Il

7 %

d
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H] /3 & (SGR) 4 ¥}

=

3

*

Il

A

l

=/ HERR e,
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NO; -N(@TOL)

20

oD (o)
&
>

| 4

10 A N
A . A
5 A A A A A A
AA . A A A A
o
%15*
s
1.0 A
Z’ PN
F o5 -

0.0

O AN ANDNINDD D p S A s

0.8

0.6

0.4 +

NO, -N(@mg/l)
|

0.2 4

0.0 W

N
&)
!

20 -0

10 O

15 O O

(¢] 10

<19 3-5-3> AkFx W 4 WsH(COD, TAN, NO; -N, and NO3 -N).

20 30 40 50 60

Operating day (day)
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0 <
g 10 -
el 5 1 <>j2> 2
= > <
E 2 OSaS o O OO oo R
o} ; ‘ ‘ : :
0 10 20 30 40 50 60

Operating day (day)

<y 3-5-4> A5 W9 4 W3H(pH, Alkalinity, SS and Turbidity).
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<3 3-5-5> W x]9 vAHAE(SGR) EA

Phase Composition Weight (g) SGR(%)

Initial 2.67

I 2.96
After 3 weeks 496
Initial 4.96

il 2.60
After 3 weeks 859
Initial 2.67

Total 277
After 6 weeks 859
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TAN (mg/L)

0.01

—@- Rearing tank

. O - Reactor A
—¥— Reactor B
-/ Reactor C

:

Operating day(day)

<% 3-5-5> Absét &4 TAN Wsh
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N Suggested Level by USEPA -

-
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© — ]
-8 0.001 — 3. @ —
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ke NS Sy ® T o .
C L 2 O O : ]
S5 - O & B
| —@— Rearing Tank © |

- O Biofilter Effluent
0.0001 I I I I I I I
0 10 20 30 40 50 60 70
Operating Day(Day)
<3y 3-5-6> Al FEF Hlo] A R Yol Fx W
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TAN removal rate (g/m3/day)
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Unionized Ammona(mg/L)
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NO,™-N (mg/L)

NO3 -N (mg/L)
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Rearing tank
Biofilter A
Biofilter B
Biofilter C
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Operating day (day)
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AR OHTAN) 0.22mg/L, °F

&

Z+7} COD 9mg/L,
A 0.05mg/L, A2k A 20mg/L, ¥ % 3.64NTU, SS 95mg/L, pH 7.6, &¢Z2 %= 70mg/L

as CaCOs5 2o =2 ey
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20 g/m’/day

ke
L
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E iy
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al
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AN
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Back Washing(Air or Water)

A1

.................................. =~ Sg}ids
Removal

Screen ggggE

Inflow (40um)

Outflow

<Y 3-6-1> 2828 SARAE,

LS -1

Mo

E 361> 95 2ol w2 AFE A olw 5

Hol o] 2 &F( 4 /sec)

=il

e e A B C

10 15 45 140

SS 10 mg/L 20 50 150 480
30 65 175 700

30 45 135 420

SS 25 mg/L 40 60 150 560
60 80 150 800

20 15 45 140

SS 40 mg/L 20 25 60 180
25 30 75 220
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Infdlow

InledZone

!

Settling Zone

Onder Zone

Y

N

Sladpe Zone

L

Outflow
—

<" 3-6-2> FAdFzdA ng = .
< 3-6-2> YA AV A ST AHx 14

AARA FAIAZEE Vsc = 2 - L Volume HRT

d, (m Vs(m/s) Vsx1.2 (m') (min)
10 0.00001 0.00001 319  319.10009 1.0 0.5 159.55005 637.69003
40 0.00017 0.00021 20 1994376 1.0 05 9.97188  39.85563
100 0.00109 0.00131 3 3.19100 1.0 05 1.59550  6.37690
200 0.00436 0.00523 0.8 0.79775 1.0 05 0.39888  1.59423
400 0.01742 0.02091 0.2 0.19944 1.0 05 0.09972  0.39856
1000 0.10890 0.13068 0.03  0.03191 1.0 0.5 0.01596  0.06377
4000 1.74240 2.09088  0.002  0.00199 1.0 05 0.00100  0.00399
10000 10.89000 13.06800  0.0003  0.00032 1.0 05 0.00016  0.00064
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T2 A R
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[»
¥
e

AFAZ 1 1/6 Hp
2HY :1/4 Hp
A 2] & % 0 40m'/hr

Aol 2 & pp

9] & (700W x 900H x 1,000L)

Fol, 471
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3
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N

TSR

OZONIA CFS-1
Hod A+ 50g Oyhr

o, Zp7h A

—
=
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Jo

5

ol

X535 30%

© 22EAType 10 x 10 x 10 (mm)

o] 2 A 2

A

=9 5 Hp
71EF 71 A1) i
3kH 5 Hp

Fol, 471
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<3 3-6-5> Az

7 % A x71=x3 L2 I
12F T2 10°(27]1v] 4 @ 2352 - 2680), 7] A : 300g AEHd(AF271)
22 T2 16 - 25°%(&7]1v]4 : 3000), =711 AF - 300g o4 (257])
3¢ 7 9~13TC, (27]7] 5 1 2000M]), o) #F : 320g Ag, BA
cyA3R géﬁsi
N
QEWM)| MAYM))
(1, 22k AF5A 7).
3r—y \L ozgezx [ W=

v

cd.A3d =

E =823d REE
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QEYMY MUY

<19 3-6-3> w AT 2E BALEGEA AR A9,
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Zo| A A ol 7o FAFS 18% W= uErsa, 2x A@ Aol w3ho A 2Flo|

=z TR AT 22% 92 e

¥ AR FS o] g3t AR AFE(FCR)S A4tstel <a¥ 3-6-5>9
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Fol HERA LT

S

iy

ghof A Ao A 18~19 mg/LE WAL, 4 Al=Eel A 21 mg/L

myofe] A9 Ad oA 017, 0.18%

Tl A 022, 0.22

N

A o

A}

2z £

T-ol A 0.0043, 0.0034= HEFRETE

- 114 -



22

o O o M~ ©
[V}

- - T T

21 1

(7/6W)Uo1}1BI}USOUOD

=72

CH =41

il
<0

0
<0

2 (SS) HlaL,

ai
oF
-

<19 3-6-6>

025

(1/6w)u

011BIIUBOUOD

=2

CH =741

wl

<

<9 3-6-7> ¢E Yo} HliL

- 115 -



w3k 2] FA o] el A AW ANFFS ZAIFO RN ALS B E&A AojE FT o
1817] 18] 33 Al2Ea §52 ofa Al xEo A Fo] A

SN =
A S| o2 TSAHIAE o] &3te], 24413k 28Coll A wjete] Al

%

o]
de5e ASe AohE <28 3-6-8>0) e At
AWA oz frAo Wl waelT e LT ATFE 50%AE HA HEHT 9,
147 3ol 19 33 FaAstgith AdFE ARFIF

~§‘
gse LEFRel o8 ATt gasts Aoz veht f549 3
)\

o & T HolF
#acte Aoz yeiyted ols @B o Aotk Fold AT el A

- ¢F 80,000CFU, A& -ellA °F 40,000CFUE 4YEyil, eEFYo] FF<l wolF 30+ 4
5o AYTE BRE HA FRE o B5000CFUZ gafiond vare F9 #4% sy
s

60,000CFUS Z¥et= A= YERE

AMZZolof WE Mo Hat
120000 -
Mg
100000 | mAIE T
60000 -

M= (CFU/mL)

0

40000
| 1] I N

<2® 3-6-8> A o] At 3
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<1 3-6-9>~<18 3-6-12>9 1}
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ﬂ
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A

of met gmijoby Ak, of

M
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e AT

1~0.6 mg/L= e}

m1]oby

)

F7FA 2 0.1~0.6 mg/LE YEFSEOoW Ht

sholahA) gl fRa Alzgnnt o

S NP E R

<
e

¥ 917}

A 2:9)

eI =

welew EPA A

0.2mg/L

49

=

2 B3 ¥ 3 At (Perone and Meade, 1977).

0.0147mg/L, 0.0172mg

o] %= 0.0098mg/Le FEZS vebuth

bz 4

)

7} 25mg/Le]

1

:ﬂ

B& 528 Environment Canada(1979)°l A

A

—_
file)

B3 9.42mg/L, 10.67mg/L

7_|L

i, 7}

o] 4% 837mg/LZ YEFLTEH

B

SEE

3.5~9mg/L 9]

==
=

4.16mg/L= EFSETE
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0 20 40 60 80
Operating time(day)
<A™ 3-6-9> AFSFE W9 dRUYol =% W3,
A5
A3 2
ACf =71
A A
A A R A
0 10 20 30 40 50 60 70

Operating time(day)

<T® 3-6-10> A3 el NO; -N¢| 5= W3
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0 10 2 N o H 0 70
Operating time(day)
<19 3-6-11> AFSxE W9 SS W3}
¢ Mg
i NE72
AT x71
- .
I . R
A
x4 A o A
0 10 20 30 40 50 60 70

Operating time(day)

<® 3-6-12> AFs 2 o] COD W),

- 119 -



2 olF 4%
Sahola Az
3-6-12>0] JENIQT. 2923 v Awe) 49 WE 345%0) FALS w Wi &

A Azdlel A4S 32299 FALe RAT

O 2~ ]

A AlzEl

<& 3-6-6> ol F A5 A}

A T1 AE T2 151 H 3
S
ol A F "l 4= ol A F LI ol A F "l 4=

28] % 7] 320g 2000™] 320g 2000™] 320g 2000™]
219 A 3} 430g 19321] 440g 19757] 430g 19687

=) 2 33.2% 35.8% 32.2%

Fol 435kg 450kg 480kg

A& A 88 (FCR) 2.05 1.97 2.33
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<E 371> o) FAel Za

rot
ol
()
r (o
>
e
i
R
off
H

Aq A . . Environment
US. EPA Roberts Klontz Nightingale Meade
Canada
Alkalinity as CaCOs3 20 0.02 20-200 20 10-400
Aluminum 0.2 0.1 0.01
Ammonia 0.02 0.4-3.0 0.0012 0.1 0.02 0.02
Arsenic 0.05
Barium 5.0
Cadminm 1.2-12 0.05 0.05 0.02
Calcium 52 4-160
Carbon dioxide 2.0 0-10
Chrominm 0.1 0.5 0.04
Coliform(cell/mL) 14
Color units 75
0.006-0.

Copper 1.0 0.01 0.006 0.002 0.005 03
Dissolved Oxygen 5.0 4.0 5>
Hardness as CaCOs 300 10-400
Iron 1.0 1.0 0.5 0.3 0.01
Lead 0.03 0.1 0.02
Magnesium 0.1 15.0
Mercury 0.05 0.1 0.2
Nitrite 0.1 0.55 0.1
PCB 0.002
pH 6.6-9 6.5-85  6.5-9.0 6.5-8.0 6.5-9.0 6.5-8.0
Potassium 5.0
Salinity 5%
Selenium 0.01
Sodium 75
Sulfide 0.002 0.002 0.002 0.002
Total dissolved solids 250 400 400.0
Total suspended solids 8 80 25 80.0
Turbidity 60
Zinc 0.04 0.03 0.005
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<d>of e m8o A A" HA FAE A AR TEHe Us 2ol
g+ Ak
<AA> e TETE AFS A oFARA] A" 2%

Al =¥l o] F-3) 4000L

e 40L/day

Tdd ¢Z48 = 1000mg/L as CaCOs

AR ETHE bkg/day

2938k pH W9 6-8

T 25T

Az A sk 5%6(Nieed)

Ata Y A&7b o Aol E3hE s 50% (Fy)

nAaFH AlEET L AAZ doAAE= AA 20% (Fs)

AA3 pHHAE FA357] dalldes dzde= Ln)go] dZdye 383 #olof Hct u}t
A TG A A oF He AARS ued 2k
NR = FNieea(1-Fi=Fs) = (5000)(0.05)(1-0.5-0.2) = 75g N/day

ARYold Aae] AibsiA] B8 dAY s AltetH ohe 3 2
[Alk.Je = NR(g N/day) x 1 mole Nitrogen / 14g Nitrogen x 1.98. [Alk.] / 1 mole Nitrogen
[Alk.Jreq = 75(g N/day) x 1 mole Nitrogen / 14g Nitrogen x 1.98. [Alk.] / 1 mole Nitrogen
= 10.6eq/day

T4 dobd ¢ E 24E& &F CaCOss A &soH, o3 2t
CaCOs required = 10.6eq[Alk.] / day x 50g CaCOs / leq = 530g CaCQOs / day

=, 873 530ge] 4 CaCOz7F Zasttt ol AS 3YE(FE 90%) CaCOz= &bty &t
F 059%ge] HeastH, ALk vE3 2k

90% pure CaCOs require = (0.53kg CaCOs / day) x (1/0.9) = 0.59kg 90%CaCOs/day
A FES dHAoR FFygol HATAWola, a¥A X A dBF =85
o FHUA F UxE FYsd dArh
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e AT

<E 3-8-1> AR F

§Jol W NH, N 4425

) ) Accumulation NH, -N conc. NH, -N

Operation day Feeding rate ] ) ] ]
feed quantity in rearing tank Production
(day) (g/day)
(g) (mg/ ) (mg)

1 4.45 0.00 0.16 14.432

2 3.34 13.34 2.22 195.653

3 3.34 23.35 3.94 346.72

4 3.34 33.60 591 546.35

5 3.34 43.37 6.60 680.88

6 3.34 53.38 6.64 900.52

<E 3-8-2> @l wEoHA|aE oA AL

Ho

F3 ¢4 =

Parameters Units Results
Species - Oliver Flounder

Temperature T 20+1
Total fish biomass g 2.056
Total numbers - 810
Total feeding rate g/day 61.68
Rearing tank volume L 1440
Flow rate L/min 26

- 132 -



1000

o o (o] o
Q Q o (=]
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(N-YHN Buw)uol}onpoid usboiju eluowwy

20 30 40 50 60
Feed dosage(accumulation quantity, g)

10
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< 3-8-1> Abm F]lol whE hEYobd Ao Ak

(AN = Ammonia Nitrogen, FD = Feed Dosage)

3 T AT 3%E Aw

A% olie & RAE A
2 Fath 87 3 F Ange

. . 0 _ gfeed
Feed(3%/day): 2056¢ fish < 0.03  — 255" /0
= 61.68 g feed |day

Y F9 RIS

&2l gk 16.13 mg NH4 -N / g feedol &

q A WS 7T 5 Aok

+ ) g feed _mgNH |
NH; —N Jluct: 61.68 day 16.13 g feed

= 0.995g NH | — N/day

= dRYolg AAio o] 0995g NHy -N/day HE==2 YERRTH

XE]

2} AFS%9 A (Oliver Flounder)ol 4] WAx= okm ol

gz A7 W olF A%l L AWE T RAow AZud

]

<
T =1

(o

A "k <E 3-8-3>°lA

Aol i A HAd o3 &3

T
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Hd A3 &F(2L/sec)

=7

2338 w53 7] (im) A B C

10 15 45 140

SS 10 mg/L 20 50 150 480
30 65 175 700

30 45 135 420

SS 25 mg/L 40 60 150 560
60 80 150 800

20 15 45 140

SS 40 mg/L 20 25 60 180
25 30 75 220

- 9F F9o & TRO(Total Residual Oxidants)2] A&
TRO(mg/L) = 0.194 x O3 dosage(mg/L)

- 90% Al+tA] vrelglol A A(E.Seriolica 7]15)E 913 TRO %
AAE(%) = 1144 - (CT)
90 = 1144 - (CT)
CT = 787 (mg/L - sec)
HEAIZE = 60sec
. C = 0.13mg/LL as TRO
TRO = 0.13 mg/L
- TRO 0.13mg/L A& 1% o2& FH=F 244

A1)l TROZ Wdsta & A7)
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0.13(mg/L) = 0.194 x O3 dosage(mg/L)
O3 dosage(mg/L) = 0.675(mg/ ¢ L)

;
il

ox
)
|
r>«
o
ok
X

T A

- O3 dosage(mg/L) = 0.675(mg/L) = x g/min(&E=2 A=) / v m'/min(H & %)

eE sz 8T A
- E HEFEE

120

Al

HRT Imin< 7|22 A2 &3 uel 245 A Hh

100

90%

g

Removal Efficiency{%)
Z

<Y 3-8-2> o&F

It

b VYAVERVENER &4 vV

— Pkt 1 Regr
@ Enterccoccus seviolicida
) Pasteurella piscicida
w \Vibria anguillarum
%7 Heterofrophic baclena

20 40 EO 0] 100 120 140
TRO(mg/L) X Contacl Time{min)

Z710] 2 oy A wAEo Ay g I (H. Sugita., 1992).
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o

(4-1-1)

Q ) CTANin_Q - CTANout—i_PTAN_IQTAN

dCran _
dt

A%

o] 7] A,

(mass/volume)

N 2® o] TANSE

Cran
dt

(time)

N
N

~

(volume/time)

(mass/volume)

(mass/volume)

CTAN out

(volume)

(mass/time)

TANABAE &

Pran

(mass/time)

TANA A&

Rran

(4-1-2)

=a - TAN

NH, N

o1 7] A,
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162

Fe

3

il

Ho

i = T}

2%NUF

H AiT %NEF

4) A3}
=

5) i

¥ 31, (100-NUF)% as TANZ YRt

LA HE=

-
R

a4 7

A2

H=

7) AbREE ARt AlZE ollol

3} g,

KeN
=1

o Jow o

(4-1-3)

*f

_ FAxP

PTAN
o] 7] A,

(mass)

(

)

(= NF+«NCF=NUF)

PN
T

TR

(time)

N

et
Ho

(4-1-4)

Rran=Q¢*Cran*E

o171 A,

(volume/time)

(decimal fraction)
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il Al o
(4-1-5)

[

Eel A ohE Al <

(mass/volume)
(mass/volume)
(mass/volume)
(mass/time)
(mass/time)

:Q -C N03in_Q . CNOBout+PNOS

1},
o 714,
Cxosin
Pros

A
pg

0

Ho
W
gyl
A

—_
o

il

22

0o] ¥aL B

, Al =" ol 4] Rnos

(4-1-6)
(4-1-7)

il Atk o X

0
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ATt

PN
T

Bzl A v o] ek

3 A} A}

3

(4-1-9)

Q- Con—Q: CoumtTPo—Ro

dC,
vV at

where,

(mass/volume)

(mass/volume)

(mass/volume)

(mass/time)

(mass/time)

(4-1-10)

Rresp + RBOD + RNOD

Ro
o 7] A,

(mass/time)

A 2HlE

)1\1_

=z
&+

o

A5 B 9

chsp

H] & (mass/time)

o ¢

T

Rgpop

L&A AY] S (mass/time)

Al =l &

(4-1-11)

* (Coout = Coin) + Ro

Q

Po
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(4-1-12)

° (Cﬁn - Cfout) - Ri

0=Qf

o] 7] A,

(mass/volume)

(mass/volume)

Cfout

(mass/volume)

(mass/time)
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5 T8 FlocE4d9 a4

Aerobic layer

NH," (Ca)
DO (Co)

Concentration

NO,™ (Cn)

0 o R

<Y 4-1-1> g9 o]8d T3 floc

- 143 -

Anaerobic layer

L

L A& Tt

2. Ay §E4AE AT FHAA AEHHE FilE o 57
3. AT oA DOZF 00] ¥ FdYolis 2drkgo] dojdt
4. 7o A= FEetel AEHledA s 07 A =

5. Wh&2 0Ahg- o2 et}

1=]]
=.



o) AAgetel BAFAA S 3

D; dC;
7 é% (r® dr )= R

r eaolAe A

(4-1-13)
- (4-1-14)

del AA-1-13) @ (4-1-198 ol 8ato] Casel@~ (@A 5ol dat aloh 2 7129l fluxA &
% & vk
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<# 4-1-1> Floc R =2%H =%% Flux

o0 1
Case I Case O Case I Case IV
0< GEOCZO' <1
6DoCo” oR 6DoCo’
koR’ 6DoCo”  6DoCy 6DoCo” _ 6DoCs koR’
koR* kaR? koR* kaR®
koR koR
(1 3 o
DO 0 (1= g0 2
. . koR . koR . koR
NIL 0 (ka=0) (1 g (1- g (- g
3 3 3
3 3
xor L @\S)kNR {(1-@a)ka - . {(1-¢go)ka - " _(1_¢A3)§§7R
3 SN 3_ 4 3y, \Av 3_ & 3y, IV
3 (90" Nkl (g0’ Nkl (lex0)
$o : 2¢0°-3¢0°+1 = 6DoCo’/koR’
Da - 2¢2°-3¢a"+1 = 6DACA"/kaR?
Dn ot 200730+ = 6DNCN/KaRY + 6DoCo /koR? +  (Ka/Ki)a

a= 6DACA"/kaR*(Case 1I), 6DoCo’/koR (Case III)
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A2 A wdely FAF F5F AR wdy
1. &
oA B A FEF FW 8 B SN zue) weFg hE )
= <9 4-2-1>3 2.
Aeration or / \
Oxygenation Al =
Air Stone Diffuser \ /
v
A EI (=] =
Drum _ﬂn_ 'IT%B t.'_l‘%_’.c_
DEEHAA EIPNE T
<Y 4-2-1> 3 o} FAA 2 G T E.
P4 AzglolAe] BEAYEE <19 4-2-2>9 o] UYEE 4 o, QA
A e thest o] EAf
Rate of M fl Mass flow Rate of
accumulation a?Sth ow of the production
of mass = 0 € i — | component | + of the
componen out of component
by the reactio

of component
in the syste

into the syste

the system
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Accumulation = Input - Output + Generation - Consumption

dC;
|4 dt Qcm - Qcout + Pz' o Ri
1714, ¢, = Al i A& % (mass/volume), t = AlZF (time)
Q = % (volume/time), V= Ae %3] (volume)
C, = T35 1 49 F% (mass/volume)
Couy = THTT 1 AR 5% (mass/volume)
P, =149 #A4E% (mass/time)
R; =179 &°£% (mass/time)
afi _______________________________ T
\
ﬁ 1
|
| P R |
New Water | |
Flow to the | l T !
Syst | .
ystem | OFAl A|AE | Effluent
——— L R | —nA | I
Q*C : C ! o,
n : : | Q Cout
| :
! l
l\\ )
<AE 4-2-2> £33 o3 FAA AN 1 AR EHFA
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NH
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N

FEAA 2Tl A 0 PdE 25k TAN

b

(4-2-2)

QC n~ Qcout+ PTAN_ RTAN

dCray
dt

%

A

4r

—

(4-2-3)

Qf' CTAN'E

R TAN

A= (volume/time)

(decimal fraction)

=&

= R e g

Kk
o

ks

6w =
&3

E

3} 7o) "),

S
1=

o}

(4-2-4)

QCran + Pray
E

CTAN :

QCTANz'n —

sz

—

(4-2-5)

QCnmouwr T Pnoy — R

= QCNOSE -

C
NO3
[

(4-2-6)

QCDOOut + PDO - RDO

dC
|4 dt = Q CDOin -
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P
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k1

(Rpo) = Riep T Rpop + Ryop (4-2-7)

047]}\1, Rresp = 01 9/] i'g‘oﬂ 945_]_' DO iﬂ] é:‘-rl:— (maSS/time)
€}

%
Rgop 2AEglo] 93 DO AH]E % (mass/time)

Ryop = AAF3lo] 93 DO AH]£ % (mass/time)

Al A &7-%= DO FY&T%F

Ppo = Qcpoot T Rpo — Q cpom (4-2-8)

AETH §E2= ez 52 U <19 4-2-3>3 2}
T

< Wbzl e A4 H DO =dsAE FHstd

0 = Q% (CDOfin - CDOfout) - RBODf - RNOD (4-2-9)
A7 A, Cpotour = =TANAY DO &% (mass/volume)
Cootn = 97149 DO (mass/volume)

Rpopr = HEgEUdl Al fF7l&&8lol 93 DO &H] 4% (mass/time)
wpizh 4]
o= RBODf + RNOD
Qf C ] . C (47271())
DOfin DOfout
S golmmol o s Zalstol OB
\ DOAH[&HE O AH| S .
i Poopr Ryop i
Flow to i l T i
the Bed ! == al=x | Effluent
D —— [= =1 s A _;_’
Qf'*ci" Cf Qf'*cout

1
1
|
1
1
|
1
I
1 1
| L
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. nitrated] AAEE9 FE5F9 nitrate

@A 2

recycle flow rateZ 7

A 4 Aol A ¢

oA 5o
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FE 28l HAEES ST olzHEH Ao AiE

<E 4-3-1> A Axtel AHEE AR

AFoxl AsE SAR st FA At AR ARe= <E 4-3-1>3%

¥ 4-3-2>o 2.9k

Symbol Parameter Value Units
BM Biomass 750 (kg)
FW Fish Weight 300 (g)
FR Feed Rate 1.0 (%)
PC Protein Content 20 (%)
F Feedings per Day 2
t TAN excretion time 6 (hours)
Cboin DO in New Water 6.8 (mg/L)
CraNin TAN in New Water 0.0 (mg/L)
CNO3in NO; in New Water 0.0 (mg/L)
T Water Temperature 28 ()
pH System Water pH 8.0
Cpo System DO Concentration 6.0 (mg/L)
Cran System TAN Concentration 0.9 (mg/L)
Cnos System NO3 Concentration 4.7 (mg/L)
BODs Unfiltered BODs Excretion Rate 2.3 (mg/g/day)
Cpofin Filter Influent DO Concentration 6.0 (mg/L)
Cpofout Filter Effluent DO Concentration 2.0 (mg/L)
Erax System Efficiency for TAN 60 (%)
Esop System Efficiency for BOD 75 (%)
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Symbol Parameter Value Units
FA Weight of feed per feeding 3.8 (kg)
Pran TAN production rate 12 (g/hr)
Pxos NO; production rate 40 (g/hr)

Q Flow through rate 202 (ton/day)
Qf Recycle flow rate for the system 204 (ton/day)
Riesp DO consumption rate of Respiration 136 (g/hr)
Rnop DO consumption rate of nitrification 20 (g/hr)
Rpopt DO consumption rate of BODs 41 (g/hr)
Rpo Total DO consumption rate 197 (g/hr)
Ppo Oxygen production rate 190 (g/hr)
Qf’ Flow to the fluidized bed 367 (ton/day)

<IY 431> A%E o) o AF W] e 9 L SRFFS U gl o
Aol F7hgtel weh Al 43 o] Wold oM WAEE ehmyol ¥ BOD E7hs

g AAs ] A2 el £

Agole]l AR AAS Mokl ME #9 % 2BFF] WHE<TY 4-3-2>0) erhAch
Ahsole] FRel Avje] Wb sl gAste Almel @ Gebd & gom, agelA AR

9 Aol oA F Fhsh
SRR AbR AA g0l F7hgel meh AHgE vl WEHE ¢hruolst BODS] % m@
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g

8 & 8

(Aep/uol) &=

250

150

100

FUFE (Ton/day)

o

o
;Ot
\

)

G

<Y 4-3-8>2

bo bz o] grEuob

=7}3s

A

w5

|

F 0.6 mg/L= ERSTE

°F 1.2 mg/LolH, <8 %9o] 450 Ton/day?

©
=

N o © « e
- o S o o

(1/6w) B2 fohmR

400

300

100

ZF (Ton/day)

EBF

<19 4-3-8>
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2. 47144
g9 o] oA gAY AARAE e gt

7h i e o E

of oJgk AT HE(%) ¢ Flol o3 Eoll HrbH= Abae] ¢

(2) A&t A8 &% (g/m’/day) @ B3 wrE| o}l dRYoLE s/ s st &%
(3) &A1 TAA(M*/m’) © HA G Ry g wH A

(4) FAZ2 Zeol(m)

5) AbFzU e YRy ol F=(mg/L)

6) A& ®EE7]ol osf AAE= NHy % @ A& whg7]e] &

() A& w&7]e Hz55 kW) @ AE whg7|dA 4= Ax5He &

(8) AFE S WU (%) AbEe] TFH @A %

(1) 7]

r]I
2

(10) A ZWE] Ak FE(mg/l) | BEo] bEE $7Y Ak

(1) FAEFY 4% SE(em/sec) @ FAFAA Bol 92 F55e SE(FHFH F5F ol
e ABWINE B K4S A AHS)

(12) o A %5} 2H(ke/L) : AR o] HAR 5Hkg/L]

(13) AATA(kg) : @A A= AR g8 Faurle Fit FARRA $5 27, o=
RE AYRey BE)

(14) ARG oA F /& (1/g)

(15) AEEHFE(%) @ AAFAT THH= AHREY Hl&

1
X
:’T‘\
“9,
ﬂl
X
>,
Olr
20
e
jn)
S
=

v 712 A=

(1) 19 875(%) « oA} atFel Bet= v&
(2) A== A7 E=ol(m)

(3) A3l %% (g/day/m’)

(4) F#FHL/mim/m’) : JEFENE St F

(5) #7he 2bawF(kg/day) @ frEF 100 L/min & 35 5= A&

6) A5l A% F AsE(kg/vr) | 1 B AL A e oAl F R
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<3 4-4-1> AAAE

dEA=w
Z710 ot AT HE | A=A At £ = A 2 A A Zlo]
% g/m2/day m2/m3 m
100 0.02 4,100 2.0
By ¢EYol sk SEYol AAE W7 4 9 oA g
mg/L % kW %
2.00 20 3 32

G A FE

o O
mg/L (mg/L) cm/sec kg/L
55 5 3.50 0.10
oA FA AFRY oAl F7HE s AHGF
kg AbE kg/ol Al kg % AbE/YD/o Al kg
15 1.30 1.50
»E 7% A=
14 oA 43& AR E =0 Aitkst £ e
% m g/day/m2 L/min
1.15 4.4 164.0 2100.0

g ey

A7 oA Z7hw

2+~ kg/day/100(L/min) kg/yr
15 35,233
o AAE S
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@ A% 3

b FBL): AgE e Bo) %

() o A k) 1 AHGE O] o) A%

(th 19 A2 23 Fkg/day) © SFEol Bt ARP

(2h) E7] F%L/min) : o F o} AEWEIA Baw s i BF 4%

(v} BA=S Frkets A4 §2(L/min)

() NH3 248 9% §%L/min) : AERg7o0Ae] 232 Ea] A2 NH3 552
A7 BEgk olakw FA87] da FAEL Fha AA F

(b B e Fkg/day) | ol TR A 2hze

(o}) =2 2k wH(kg/day)

() 97+ ©) 4% 7} % (kg/mon)

(3} W7 o A ZE b ekkg/yr) - A7 AA A7le] o Re] oAb

(7h) NH3 A4 #(g/day) : aFFol AP ¥ = Yool F3F

>

_QE

o] sheetell ¢3] t+&2°] 3 7HAE & F AUt

919] 37bx ghe]l EUSY o] dH o HAH Slolvh Lt weF o F 37h4 ghEel 25%

o] Aol & Holw thA AAE st o] whghA st

- 162 -



<3 4-4-2> A sebrE

dHAAE AEAE
27 | Aol [Asx (Atsx By ofARF | ARTE (F7] R EA 93| DA f7F
m 7H L kg/AH52| kg/day | L/min m2 L/min
2 2.0 1.0 6,283 628 9 232 169.2 355,281
3 2.0 1.0 14,137 1,414 21 523 380.7 799,381
4 2.0 1.0 25,132 2,013 38 930 676.7 1,421,123
5 2.0 1.0 39,269 3,927 59 1,453 1,057.4 2,220,504
6 2.0 1.0 96,547 5,655 85 2,092 1,522.6 3,197,526

7 2.0 1.0 76,967 7,697 115 2,848 2,072.5 4,352,188

3 2.0 1.0 100,528 10,053 151 3,720 2,706.9 5,684,491

9 2.0 1.0 127,231 12,723 191 4,708 3,425.9 7,194,433

10 2.0 1.0 157,075 15,708 236 5,812 4,229.5 8,382,017

<E 4-4-3> AA It E(AS)

A=A E
FEEEAT ae wew | wsase | And |90 And | dude Aud
L/min kg/day kg/day kg/mon kg/yr g/day
48,170 1,534.8 826.8 217 2,610 27,746
108,382 3,453.3 1,860.2 489 5,872 62,428
192,679 6,139.2 3,307.0 870 10,439 110,983
301,060 9,592.6 5,167.2 1,359 16,312 173,411
433,527 13,813.3 7,440.8 1,957 23,489 249,712
590,078 18,801.5 10,127.7 2,664 31,971 339,885
770,715 24,557.0 13,228.0 3,480 41,758 443,932
975,436 31,080.0 16,741.7 4,404 52,850 961,851
1,204,242 38,370.3 20,668.8 5,437 65,247 693,643
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¥ 4-4-4> A A dgbvE

%3 2 Q7

A FALS| A AT (APEE W1H | ASE S AbsE -3 A2
day/yr hrs/day m™2 7H L/ /70
365 24.0 1,500 16 53,000 26,000
AE7H
R A Ay a A AH] | HEG7|H] S ] 1]
1
yrs yrs Ad/yr < A
7.0 39.0 130,000 20,000 2,000
A&, ALE 2 X o714
A& Alm A ALz
e A | aFFE | AR AR | oAl SIS } t = A
FH% T
A= A
A9ke | kekelts | A9kg | kg/ o ke/<! ke/<
g
0.234 1.00 0.507 1.00 455 180
AP & o] 7+A | Z3F FA
A /kg kg
0.05 0.0260 0.68
714 € A7 8
T2 HIEF 2| Euds dudr] 38 dAGA S T 7| a3k
C C % % m 2-K/W m”3/hr
28.0 10.0 10.0 10.0 5.3 2.00
7} 2~ H] & A A7 5
HLA/L kW/7\ 1 4/kWh
0.26 9.0 0.0780
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<H 445> W] §AE A

AEF |F oA FAF| AR | AR uE | B e | 37 eus
ke/%/7) ke/7 A/kg | AAkg | Bed/kg A9/kg
45.5 4,982 0.38 0.52 0.18 0.08
58.95 6,455 0.29 0.52 0.14 0.06
2.4 7,928 0.24 0.52 0.12 0.05
85.85 9,401 0.20 0.52 0.10 0.04
99.3 10,873 0.17 0.52 0.08 0.03
112.75 12,346 0.15 0.52 0.07 0.03
126.2 13,819 0.14 0.52 0.07 0.03
139.65 15,292 0.12 0.52 0.06 0.02
153.1 16,764 0.11 0.52 0.05 0.02
166.55 18,237 0.10 0.52 0.05 0.02
180 19,710 0.10 0.52 0.05 0.02

<X 4-4-6> v A=A (AFH)

Abx w4 A 2o 74 FAH | REE 7Rl | A7z | F e
A /kg < /kg < /kg Cost/kg 2 /kg HA/kg A /kg
0.24 0.50 0.04 0.10 0.08 0.22 2.34
0.24 0.39 0.04 0.08 0.06 0.17 1.99
0.24 0.32 0.04 0.06 0.05 0.14 1.77
0.24 0.27 0.04 0.05 0.04 0.12 1.62
0.24 0.23 0.04 0.05 0.04 0.10 1.51
0.24 0.20 0.04 0.04 0.03 0.09 1.42
0.24 0.18 0.04 0.04 0.03 0.08 1.36
0.24 0.16 0.04 0.03 0.03 0.07 1.30
0.24 0.15 0.04 0.03 0.02 0.07 1.26
0.24 0.14 0.04 0.03 0.02 0.06 1.22
0.24 0.13 0.04 0.03 0.02 0.06 1.19
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#E 5-3-1> 98 vk 2 2IAA9 sat F ofgH g (H91 © 7/ha)
%2 FH SdFzA 3 37t 5 2 Z A 4
3 (A) 97/62.7 54/15.9 31/37.1 12/9.7
A= (B) 1,622/2,372 977/330 475/1,192 170/850
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o
A 125C% 15.0C® 20.0C 27.0C*
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A @ sampling 42, B : MPAFR Fo]H, C : A% 42 150T, MP Al& Ho] 3
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<E 5-3-6> Ak 2 250 C & wf oA AE A o AlSFT AT

A & (CFU/m)

T
A B C
Exp No. 1 5.16x10° 7.72x10° 7.7x10"
Exp No. 2 2.36x10° 4.24x10° 1.06x10°
Control 1.11x10° 6.84x10° 4.0x10°

A AR ol A4, B AR Fel 4%, C A fol F 0% B

ko3
RN Tl T .

o
AL

o.

o

o gpa] Elo A o] ofry WAy e Bl A HAME

2001. 4. 24~2001. 10.12 7}A] 72 H A& Exp No. 152004 11.8%, Exp No. 2 =30l A
14%, x7 126%=2 ZAH o] F3hol 3t A2l x4 Abol o] Fol Al Apol= YA
eFokth. 53] 2AF 7|7 wote] € A FbdE WiAbe] F FAbo]o] digk AW FAbe] o

2 olf B9 A% d¥ys <E 537> YERIRITE 593 64l AR A RERSEE
Ao T BFolA olf HAAVE AEHA Fuvh 1Yy 78 ol BHE dixT¢
Aol Ay FHAREEH a2y 4 1l E tardast 1% ¥4 Tl Streptococcus

st B E- 2gown gese] AAE dost Ao 2AHAT ofF WUA FF
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<FE 5-3-7> A@ T FHAbe] B WlAfol o A

A2 o7 BAA

e
TR
Exp No. 1 Exp No. 2 Control
MAY No detection No detection No detection
JUN No detection No detection No detection
UL E. tarda E. tarda E. tarda
Streptococcus sp. Streptococcus sp. Streptococcus sp.
E. tarda E. tarda E. tarda
AUG
Streptococcus sp. Streptococcus sp. Streptococcus sp.
E. tarda E. tarda E. tarda
SEP

Streptococcus sp.

Streptococcus sp.

Streptococcus sp.
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