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Summary

Recently, the amount of fish caught has decreased gradually owing to
ocean pollution and overfishing. Because of these problems, fish farming
using enclosing calm waters with nets in bays or lakes has increased
greatly.

However, fish farming causes a pollution problem in open water due to
the residual diets and the excrement from fish. Therefore a closed
recirculating culture system incorporating water purifying technique has
recently been introduced to remove ammonium nitrogen excreted by fish
and to prevent diseases. A

In this work, the denitrification of ammonium nitrogen and the growth
rate of fish using a closed recirculating culture system incorporating the
processes of biofilm filtration and ozonation were systematically investigated

and the finally results were obtained.

1. After 90 days, Monthly mean body weight and length of fish gained
in Ozonation tank and Control tank were 35.83g and 15.36cm, 28.81g and
14.25cm, respectively. The survival rate of fish was 83% in both culture
tank. There was no significant differences among the mean body weight of
fishes(P > 0.05). Therefore ozonation for a closed recirculating culture system

had no bad effects on the growth of fish.

2. During the experiment period, pH was 7.8~88 and DO was above
5mg/t. SS was below 5~8mg/L after biofilm was formed in the biofilm
filtration reactor. In addition, it can be known that the culturing water was

improved greatly from the investigation of T-N, T-P and TIN by biofilm



and ozonation.

3. As the result of a variation of circulation ratio, Denitrification of
ammonium nitrogen was increased in proportion to the circulation ratio. But

Nitrification of microorganism was opposite to the circulation ratio.

4. With increasing injected ozone concentration in ozonation tank under
a 2lcycle(6.7¢/min), denitrification of ammonium nitrogen was increased

linearly in proportion to the increasing of injected ozone concentration.

5. This experiment demonstrated that ozonation for a closed recirculating
system was effective for disinfection of virus and algae. But residual
oxidants in the culturing water affected the growth and survival rate of
fish. Therefore if the culturing water is treated by ozonation, the either
equipment which alarms residual oxidant concentration or the exchange of

activated carbon is needed.
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49l +Aels o F 2 DYE FHL e ASYAl AF
SRz A AHR ek, 1980). 21U B F@eiBNLYLS YA FRAA
we RA o) FolA: g ¥ /&AM WMol AAHE kL vlyY Hekel
o}

tlo

oy @A sHAAFLAA AAM M FLF AL ofFo AW
o wiEzE A3 Ryl Fas 22 FAEEE AA
sl AbS 2o A3 ZWolth(Dupree, 1981, Ozawa et al, 1990). o] F ¢4 o]
AR FHo2 A At LEAYE AHEER e
2oty A Aol #3 71& S obF HAA A Rt Yot
olgl e 2FL HA AFdse 4l wE =AYyt Yo met
ASAETE AgAHEZN go) AMgs 3, A, g, gHAAdE 2 ol &
Mgyt Z78tn gk £33 HZde &9 FAANELE BIAlF)I 2 OH radicals
o] e gAY sl g ayd AYgH T HEde nEASY
(advanced oxidation process; AOP) 59 ¥ A7t A& glr(e], 1995).
ool e eE=Hd & LAste 2HF AsEo] A AFEHAY =
Aol daiMe A7 A Hol A ¥ LEMYAl LA A2 S
g Al&EE ol F7t A E de AE Jdn Bzt A F, 1995).
YD FE(1989)2 2ES F£F FAHH Ae SaARYE, ATHIHSE,
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T A7t flda Biasta dn a8y H2 e EAEA dig A7t dagel
b FAA & dolls dRYelY Fie 2SI
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I FoA Haag(1984)t B Eo]2(Br)ol EA3H HFo]&o] &0 23|
Abgtslo} OBr, HOBro] 51 o] ¥l Ao Absle] B3}
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A, ol FFHHoly BEES AFAZAN AR Ue £IEY F

ox
oX
o
o
a2
[kl
v

o
2
oX

D AR A PEoRA #3 o A7 A7 Ach

Wetd B AT @ARA 4F 2 AFHS F5e REAH F2 ol

2EH WHe sRAHA A HEote] ofF WAEH FEAR

M wAHE GRUlY diel wAs AS®E 1dn oEAHH we

2 EA- BAsH], Bsh Z(1995)00 A 717N

Hoj1 HeHaRA2dst AT 2Pl ¥ M oI sYe
Estax sl

Ne7hs 42 %

o

ar



FFe §EoEL ST/ 10mg/Le dHME Bz FAsd, pHY
exol Ao wetd F&£3 Aaz B I 71FE JtEEsd o8
hydroperoxyl(HO:) radicals& A343tx, °]Z o] Al o &EEAS w gy
Hydroxyl(OH) radicals& 44 A17]&dl, o] 44 € OH radicalst LEEA 2o}
T Astdo] etk Ed 9FL oW £33 wgdHo AAE YAHseH,
I EAHQ o7} BEojLoA xpo}rB EAH(hypobromous acid, HOBr)2| A4 o]
th(o] , 1996; °] &, 1995).

OH radials® 9 &8z} nlaf] vjAeln oz ug3t} OH radicals zHH 9]
o AGadAdol o S B AHI0° sec)o] BFE BEHAIFL,
AMELGFL B B A 2 £3AR oS w25 e

o&2 Hgoz FstA 2 ALdE Af radicals A&l F7HEx, ol
o §7127% HAE AF radicalse] PAwrgoz Adto] {7180 &3 A
Lige s

L& §7180] MSEE JF& FE AAE pH 2=, FH, #7IE F
S ZQla Sol} QEEHF A AL WA RPde TR
= . 2% pHE 713 8% AAFY dutoln, e&L pH 2o o &
NEgH H - BHPeE wee o {F718 AASE dF¥L v

Hoigne} Bader(1979), Langlais(1991) £ +%°lA &34 ®71edF} 2&3
o] wgoA D L&l A% AU Q & EIAHH YYH= -OH
radicalsol] ¢} & 7FHuts-o] 5 71x)7F ok B 0E ).

2 £7189 - pHoE wgHA {1 FRE WIANA HAFH2
2 ey 2AL FAWG M duAQ didEe &3 fr18° AR
ozonide® A7 ¥ ¢l = (aldehyde)s} GEf718A2 Ed=E Aoln
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g3l & ML E = HF YA EZ AP o FUIEH LFY
Yt 8S pHxA AA ¢, 2F 2rjEsizt & douz] e 24
g Aol A o]t} (Masschelein, 1982).

oL

2) - OH Radical 92 (R¥ utg)

Q&L E#iated - OH radicalsg #A o).
0, — -OH 4)

ol -OH radicalse #2 Mg A4sA78, & & ol EFse COy,

HCOs, Humic acid 5 9] radicals 4H] & 3 (scavenger)E ¥} Q3%

g [ -oHxwmz=s |
M km [M][ - OH]
-OH __|
=N N 2(ki[Si][ - OH]

4714 [M] : 8F9 Fx(mg/L)
[S] :idEd &
kv : 83 M3} - OH radicals9} 9] ¥t g4 % A5
ki [Si] : 2% €3™o) 9J% - OH radicals®] scavenger?] g4 %

w2t - OH radicalsol 9§ &29 43l scavengersiel Z Ayt oz §
3 km<ki[Si]el® (5)2 3 o] Hri.
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k32 @A pHgt ol ddlM 71 -3 whgatrle] @A AN EHEHY o]
A9 A et Zfree radicals) TR 3 A A Z A Agutge Lutyz 2L
ok webA WSS Afrebo Zfree radicals)e] EA £ - Foll st A
#eH0, 4714 2139 @A pHgt olstel M= OH radicalsg} 22 2 EE 3
TUHAEAN T2 AstAZE Hol F1E83 9EEie £ o Fo Y
g o vMd#oln of Mg uigo] Yojdrt Hoigne 5(1987) &7 pH
&2 OH radicale] # 25 pH 11°0]gtx B33}

2. RExX o) 2Tt 2Xt UL E

LEANYA o BAEHE 2APHAEL 1 VYA ZA F kAE YE £
Acd, 25dsd FoA A9 Ae F9 Z(humic substances) 5 HA {73
35 (NOM: natural organic material)ol] 7]Qéle vt BT g 3juts B
EYEol2 A el gAY Eolth Tt AL, R8PS0 TR
MEAYEL 0% EFsiAcsd, ¥ZF2E HFHo2 a8W Fig 13 2o
YEbd = Ad(hE, 1995).
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| Monobromoacetic Acidi] | Dibromoacetonitrite]

[ Dibromoacetic Acids J

{ Triromoacetic Acids ]

TOBr

Fig. 1. Formation route of by-products

3. Hgo| 20| EX stolM 2E0| ofF 2oty Hio] EHAE(L)E

(1) pH 98

BEol2 & o4 &8 FJslA HW %x7] pHE 253 €9 ol
3 pHol A4 9e FFo &4 BEo|2(Br)a O] otefist 22 kg
Ao} FH@ OBro] 7t o8l OH'E 2H&37] WZolth({LA KEH#
IV, 1980, Hagg et al., 1983).



O; + Br — OBr + O, 6)
OBr + H,0 — HOBr + OH )

ael z7]d pHO 2% dojd ¥ pHE AHstd ol dojyesd oRE
L ENS ) oS 22 dRYold HAavE @FEF HAWNE] dojuA
H'S 4437 o £olth(Ozawa et al, 1990; Haag et al, 1984; (111, 1987)

2NH; + 3HOBr — N, + 5H" + 3H,O + 3Br (8)
NH; + 40; — H" + NO; + 40, + H,O (9)
NH; + 205 — NOy + H' + H,0 + O (10)

9 W AolN (B)He BEoLo] Boid FRUHY Bao gAWEo|Y,
@A 2Edcle] Aagwngolt 13 (104 BEoLo] Bodstn o

lo

Eol 9% gEUory A4 HY VRS Uehhm Aok A AR

W, ol wgolet® H' 44 Fusts wgol

fijo
e

meba o) Mg el
oA H'e| A4o] pHA e €slo] Ak,

pH7L Aste ¥ thAl pH7L A4 Yol o Ffole U}
R ALt A BAE whA Ave YX a3, H'e) 44e Fusts 4 @)~
(100419} wgo] Yoz %3 (6), (DA ol Yojuh7]| wEo|th(Hagg et
al, 1984). olel® WA Sol N Y Hzo pHr A&sts RS (6), (A9 #
go] ol WERUE Yus WA YY" Utk A Uy o

(2) 2Fo0f 28 2L{old ool BN

FFo Bgo|ol EAA HU GEUtH AAE 2T o otde 2
& w39 Astrt WY A grh(Haag et al, 1984)
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HOBr + NHy" — NH;Br + H" + H,O (11)
NHqBr + 305 — 2H' + NOy + Br + 30; (12)

283 AAEEAL (13)43} 2o

NH; + 40; — NOy + 40, + H;O" (13)

ol9} o] FRYold Ao QEAbstol o3 At xpotE FAHHOBr)O]
bR UolA AAE Assld Monobromamine(NH:Br)& #A3l1 NH;Bre thA]
9 Zo] o 2zEe] A A7 Hu, BE)22 Fuj2 A 4¥E dtu o
Al 238tk Alth7 Monobromamine(NH:Br)# @ &4k&2 ol @ &2
AYurgnc w2 YT

#H, BEojo] Ut AHe AL 2Fo o3 drYopyd FA9
glukgo] Yojitedl o] e I AB&EEI ofF = AT gFH L e

o] dojtri(iliy, 1987).

NH; + O; —» NO;y + H' + H;0 (14)
NO; + O3 —» NO;s + O . (]5)

(19), 152 ¢ FgHoz Felstd (16)4 7 2ol Yebd & ot

NH; + 20; — NOy + H' + H,O + 20, (16)

(3) 2=of o8t 2ol Mo EHA

Aaxg e dAarEcA qrYold HAAVE XEHA Ae BE, dEH 2
o] Chloramineo] A4 ®c}h
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NH; — NH;Cl(Monochloramine) — NHCIx(Dichloramine)
— NCl3(Trichloramine) (17)

MAHE Ae daHrto] dryobgo] vla ¥ wolx, 59 e A
&9 ukgo] v E =t

o) drYolyd AArFE AT FF, FYRFoILFE 2 UF
(65mgBr/¢ °14) NHBr®] 44o] @A @tk o|Ro2% e NHBr# NHBrsol
olg gAurgel $HsA WPH

olglg BEoleo]l Beste oo T FEUctY Ao dAWRE o
&3 e wgo2 yYehyolxiti(Ozawa et al, 1990).

O; + Brr — OBr + O (18)
H' + OBr — HOBr (19)
2NH; + HOBr — NHBr: + HO (20)
NH,Br + NHBr, — N; + 3H" + 3Br (21)

o)} e uge EFyHoz FHYs A QA #H Zeol yed F Yok

2NH; + 3HOBr — N; + 3H" + 3H,O + 3Br (22)

a2l $AEAE AT (200243 214l o 4" FEAC o o
o3 & 2ol Yojd 4 gth(Ozawa et al, 1990, Haag et al, 1984).

2H;0 + NHBr; + NBr; — N, + 3H" + 2HOBr + 3Br (23)
NH; + 2HOBr — NHBr; + 2H;O (24)
2NH,Br + H;O — N; + 3H" + 3Br + HOBr (25)

_12_



webd HESES B A9 2rUoly AaE A HPe AA
A2 5= ol WREolTh olo] wWE HEFEI £ ALt BANS

22od o] A& BMESEs} obAw NHBr, NBrael 44o] Bol#A NHBr
3 NHBr, 712)3 NBry Zgol olg 2augo] 2aso] NHBritol #efsix|
s} W e oAEE Holh
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1. MY
2 agel AgH0R Ag5xE 5000 AZFRP $25 AHEalch 191

F5E
Table 1o Yelde RHY dz2Fe LEHIAE F 2LEHYTF9 vluss] 4
& AYTRA &AL oA o

2~
B
=

=

WA RH2AL AAY B¥oz 2y
Hxeks A% vA e EAAFE AEHAFAZX(BF), LETHF202Z), g4
o #Z(AF), 2712 % pH ¢35 Z(AR)S 7123 g2 3% on Table 40
Yetd ZAMd Run 1, MM e L&A T Hgxo &AF A3t &
g7 4¥AxE Photo. 29} Fig. 2o YelUct. 22z z dE 79 npx
g E TS 22 oA FHAFEE Eoi7 &8s Ho Uk

Table 1. Water treatment system used in this experiment

Process SF/BF oz AF AR
System :
Control SF
Ozonation BF i) O O

SF : Sand filtration

BF : Biofilm filtration

OZ : Ozonation reactor

AF : Activated carbon filtration

AR : Aeration and coral sand filtration

L&A 2 +#9 BF, AF, ARRISZ &= £3o] Z+7h 3040l OZ: 382 2 F3)
719 bubblez Q& 42 wrgxo v =F AA Ao gz R
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A7 Yt try Aol HulF ol &3 H(submergedd Eet2H) o T
Z °F18¢ #Wst9 o, oA HHo RAFAHE ugSTo s 2
W 2 o #}(infiltration) ¢} 4 & 2t sh(biofilm filtration)& =23t} Photo. 19
Ueld dale e&Ael 7o AgutdE(BF)d AMEHR EdAEHARE AL
447 Ag5E st B £ led AAEFY Axe vAEY FARH

¢ 4 UE% Fyelaus Azsyo
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0Z2)= gentadztzodAM A=A g £&- 5714 23& &
F%e BEoleg Fuz &l vlFe L& HIAYOIMN BaA
7E £E4 F71829 Adstst drYokd A HEFH A IRV
o gata Astel olg A B c@FFT H2A AEFG HIY HY
vjgge HFENE =eua At
g 2(AR)E dddle EPEZAAM HAddel nEaAFgEEol
S &wel whgel osf HRAstse AAHAM AYHE HFAH(Bromate,
BrO:) 59 S &4stgo] &a5Fol FHHY FAolFol YFFHE FHA
g 9o £ Aoz ofF AAY HAste] Sste] 18 eH(mesh 4x8)2
oF 6¢ $%3 ¥, Run [-2 71Hel R e Fol A& F Kire] dvade
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e dgaad oz

g5 =
riI
o\o
&
2
B/
)
il
s
ot
1o,

gto] 7hzstAl AL
A 7 8k ot

Aol o] &3 oJF = HFAY 695cm, HFoJ A Fo] 278g% HAE AH&3H
D gl £4FE 3o dFAE 60vY Ztz} FEEHon Hole K
Ate]l E-PALEE vl g7t HEd7tx] AR E T8 Table 2= & 43
of Abgsjoj Alge] H¥S JERWI Yt

HMELEL L& 7]A

Table 2. General composition of extruded pellet used in the experiment.

Component Moisture Crude protein  Crude fat Ash Carbohydrate

(%) 6.30 40.44 19.92 9.25 24.09

Before After

Photo. 1. Shape of plastic media used in the biofilm filtration.
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2. 29y

s

NEdse £2He 2d%s ¥Fol He oF 347%¢ QT Yx7
e

2o, 2&HeTE 29 4 AT vor WESFE AFEAe
o,

S
12X
pata

T dYe RE ¥E2 BTN GEUEELR, 19%5), dRATE N Y
R(A A Kt ®, 1985), Standard method(APHA, AWWA, WPCF, 1987)q)l u}3
on oo AgF ALY ¥5 L YL Table 33 gt

Table 3. Analytical Item and methods

Item Analytical methods

pH pH meter(HM-149)

DO DO meter(YSI model 57)

Temperature Temp. meter(DAC-302H)

Injected Ozone Potassium iodide method(1/100 - Na;S;03)

Resudal Ozone Potassium iodide method(1/100 - NaS;0s)

SS Weight method(SS filtering apparatus)

NH,"-N UV-Spectrophotometric method(DT-A01)

NO;-N UV-Spectrophotometric method(DT-A01)

NOs5-N UV-Spectrophotometric method(DT-A01)

T-N UV-Spectrophotometric method(DT-A01)

T-P UV-Spectrophotometric method(DT-A01)
3. dE=d

AdL Run [olM M7AA A7bA 2Hde2 ##agxn, 2 4¥ZHU L Table
4o Jet AT Z+ APFY 27|LEE 20+1TCQP1 pHE 821~830, H7F
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DOE 2&A277F 49 dx+7t 548 2&He 9 dxT9 27 AS873 e
8] 528k A ot

Run [ & Fzo Y218 Yol oAF7 &&3te 7ITte g dz79 2EXe
T EF 2EE FAA 4 @A AdfHee Pt oJFo YPne 4
H B}

Run I+ 2EANYTY offolA 548 A & A= 2& Img/Lg
F9d nAs D £3}E2 113 A(3.54/min), 163 A (5.2¢/min)o} 2T A 2 W 3}A A
T gdEYold Ao BAAA, a8ln 4 dETAX ASTHE S
de dHyua s

723 Run MAlME 4879 LEFFUYEEE gAYz F7HAA 2&F
Az oo @& drYelyd Aio gFBAY AFAHARN FFS nxlx
2o 2A(LEFYFE, IFLEFE) 5 Yotz o

Run [-1, O-1, M-1& 2&A2}+¢ vlasr] A4 dz7a2x dgx7]dA
FE APFANA &L FYsHA ¥k g RHEATS AAY 53

o2 RAHARZTE APy £FE&L 383 W(123¢/min)0 2 A3}

>

&2
rie
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V. 43 2 3%

1. 2Fxz2lol @2 gxlof 4%

gxlxoje] AbgA L EA Y e YFEFE Lot st 19973 24
7YRE F 90U A548S 3. dA8Ee F32 dgiAAe 44
F8/, 282 28AA F AT FEE FUI2 9 7 A AF R o
AL 243t GAAdsADG 1 AR E Fig 33 40 e

Fig. 3, 42 293 AN e g JFAZH HZoiHFol dx77t
6.96cm, 2.78g, Q&2 F7} 694cm, 2.79g2 M2 ]R3 Yct. APE Al 3o
A5 B2 F FA Z APFlA AR E zeols HolA Ffeud v
SEANYE & HYF AAo) A detddh 2y dAYF FE F AT
o |dxe HFAZH FFoHMFol 122lcm, 1485gelYn EAMIYTE
12.39cm, 1560g0.2 &4 & & APF7t LEXNAE A F& iz v
23 52 442 2dd 28ln SAYs MY Fo A dEe dxT
gae] HAAZE PFolMFol 1425cm, 2881gd WA E M= 15.36cm,
35.83go 2 A& YF7 ZAHEel wet tha dAe] mE Holdoy x4 H
e foA AAAY feae JAHA FRXHP>0.05).

a3 FHYF 3N F 2LEHYAE A XS HETH LEHYE T 2
EZA TN gxo HEFEL ZF 8% Y AEEE I

ol L AYPAHRZ Ry HdPzxvlde dzTd vd L&A TY {4
Aol @A Yehged oA &MY T 27] £8&o] HxTo B& 1/4
ArdM QEAHNYT F2UY EFEHo HEA AAHA Edta T ¥
& SS7t Et:, £F eEHTY HELARZ(BRAM FEE vjERC] ¥
A5 A 2ad FzUe {F71Ed0) FAH AP ASEHl FFHAUY
g Aoz Az
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gy FAdSF 208 FREE &AL YAGFe] ETd v& %
A detdn gled, o] R L& o £@8L BANLZ AFAAA F
e ®e2ao mEA AAHUR, Ate)l Aol wet HERARZAN=
nj g uto] HAo] so] #712AF FHEH 5o ASFFT 2922 AAR
&0 2ok FAHAYY] HEQN Aoz Aggn

E3 (19922 L&AV e c@FHAS LEAHAAANN FES
2ag £ ASAA AREFHES vaded 2EAHHL e A FEL
Vibrio® o] 7+ dslol 443 AZ 9 ol HYctn R1d wirh Uk

oMY FAFA2YL VL EFY At FERUA LEEF2 U

-

2

e fuatd Hed, o dPdMe eENAE A ¥ dxT "dA
ojee] ZEE AL ARHoz YAFAE FHASU LEHH T uHA
gz ARSZ Yaud BY FEFe A4S §go2 AR X

o2 B}oF 4 AUtk 2e) 3 Fig. 3, Fig. 4olM} o] dhzTo {24 3e]
SEE T vla & AoF Hol B SHAgFHA AT LEHYE ALF
sABA AHY F2F 5 QS FFEAFHT Ade RS LY F YA

£

ety oldztAle] Bmel oW eFEFHeA BAHE AstEe S o
3 ASsE oF7 AHE e B (P 5 1995)T Bud v AU
U 2 a7 of 9097 AMSAYIIEL &M T dxTe A AF
A a7t 2= RA(P>00522 Hol o FHAHA 2N HFer &
a7t gxe A AEgd vlAE dFdFe] AL HAY F AN

_23_



16

14
12
£
e 10
L
B s
2
=
2
c
(o3
%3
=

Fig. 3. Monthly mean total length of fish in two system.

40
35
30}

)

£ 25

®

2 20
=

3

2  1s}

=4
3 10
=

5.

o N & o

OControl
W Ozonation

3 4
Operating period(months)

OControl
B Ozonation

e

Operating period(months)
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1) pH, DO

Fig. 55 £ AISAE7152H2/24~4/30)) & AP F2HAAMe pHe}
DO Yuwsts vyetzm Uok 2P7)1rEtel dzT 2&XTe pHE
76~882 4 &l Ade A pH W 6~9oA vlFo] 7ted Ao
ez oed o pHEHH A Fg=A =AHAM(EEFME, 1979). 220
AR oz 9FEAe FolMe pH7F hETRTG 27 A Jeids Agx7]d
33 pH 8877 4%tz 1 F& AR A dYFEAAE
o pH 8358 $A3t: wd dxFlMe pH 761702 Z23 A

olg} ol B Ayy|tEete LEHYFAMY pHY} 8o HETRG
g4 =A Jeldzn lEd oRe 2&HTAMY Zrizd FIAHA U=
AE 27t CaCOs9t MgCOs2 TAEo] AojA pH7F 760132 Hoix & o
pHE 25 AAFE ¢34 488 ¢ Aoz wodri(Hirayama, 1974; Ozawa

rle

et al., 1990).

g AYx7ld eENATFAMY pH AT B i w4 deged
o9} £ pH A%o QAL gelxel (6), (DA 7l&guts}t Zo] sFFol
ZAste Brat 2£9 wgoeg 44® OBro| oA 7tFEA=HAA OHE ¥
237 HEo 2 Abeidti(ol, 199).

agn FRAFAsgoT BS AR IB/ATA T BT FAHA H
W gutA oz pHE A Aatsted, oleld @3 AR 2IWAM A
tol ABgol wet AA&FF dEYocle HF AstEQ FAFY FH ¢
e £el Ao 71Q3E RAolch(Saeki, 1963; Hirayama, 1974). 121 (8)~(10)
Ao o 4 g0 dmuota Ao At L wAAS wEHAAM H'e
A3 % pHE Hstrl7le 8002 At dri(ol, 1995).

ag8n DOSEE B AYVNBERN dzTet LEMYFAM 2S5 %
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Fig. 5. Daily variation of pH and DO in two system.
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2) SS

Fig. 62 2 A7 3/7~5/7)&<dol dz7e &N s dd
sswiztE Uehm gk Fig. 699} o] AgzridAdxe dxT, &3
T BF B SSAAZES Yeln 33, 53] F8go] e dg27
o] ez FoME SS7F YANHCZ tA FotA HI 50mg/L7tA HERAIL
b 28y £882 163 A(B524/min)o 8 A5AI7 Z7)dE tdi BEGAT A
JEES Ve oy Hak AFd i &S YEHALR, o 304 o] F 7
B Smg/L olE7tA Zaso. 28n 49 29¥YKHE £8#8S 213
(6.7¢/min) 2.2 AFAZREH on £FEE FSAII7IE FEH] JAHE
#QA71 AEol A P Ao YL PgRo] gH 27ol= £2F ¥E SS
e Yeha AT 2 Y MR &S ERAUT

ojg} o] B F@AFA AN AAF 27T ANME A SS7F 1 EQ
A AL YT gle Re AddHzo Mo Ao FHAM A
gutol Aol B oy, ol & 7F237] W 2 el
He F45A4 odste Ro|ch(EF M4, 1979, Hirayama, 1974).
gt AYPz7)dE 880l L& hEFd vlEo 35wy e FHES
3 Qe &N FAAMI dEFol Hls) HlEEel A detvdn AR
$gL =31 Aol FHol wet Aol vy o) YAdH ¥
471249 Heagol A5 g =t dE2TF NZ H£P SSEEE Holn
dE HoZ Mol eEAYTFIAMY &L YEFY 2L FELE FFA
gd eEAel Tl A thRTo vEte ALd GAY SSHE e
RAog sopdrh

Fig. 7ol A ¢} o] & @A e o] G453 S5 AAE F2 A2
oted H(BF) T AN A dolun], e AR Z7] 2 F3HAR)FAHAME T
Z2RgM4249 AAZ o]Fo F& ¢ F Uth 53 AERARTHANE o

Ao ERel MY vlggotel o WRcide AuGYH AR HEUAA 2

My O



gtz gol 71E Rog FtHAT (A% A, 1995).

53, HMNEQ1979)2 FAT-zUe FHEHE 2 ALY #H=x
F 52 AEANY Fxue BEE f¥sty, Z#7l b REY A o
HHE FA @tz Eusa Ao o} 2ol FHAHAY AL I FEIL o}
F e Fflx HAYES FHete Be U7 dEC AYHo| T 4@
ojfel FRAMNFN £@ARAN2PAMY FHEHEA Hrle ofF FoF
H7talol € + doH, HIT MPALRC % AL FE3e FA MY
c¥}rFo SSAAE cBAAANLY 2 &S HUMEE MR ToE ZAAR
o] & s+l -
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Fig. 6. Daily variation of SS in two system.

BF : biofilm filtration

0Z : ozone reactor

AF : activated carbon filtration
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Fig. 7. Removal efficiency of SS in each unit process at Run II-3.
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3) T-P

Fig. 8& txTs eZzxaFolde) TP ZAMsE Yetidch 1A
o %t ug gol F AAWN 2F A¥x] moe YRR F 4 7Y
$5Y 348 TP 557 FolAee ¢ # dov, 4 4¥7NEL T-PY
sewae gz NAH LEAYTAML BT $e FEUAE Yehia

o] e APz dERFMY 2 Azt LEH
g oMo AEutdniz RSolA 4Butel Yol EFEsgou 1 Agw
of AT o 7Y et 288 olF FEE FEW 4BUe 44 Be
ssol AALEo]l 45El W BEARA /1A TP AAEE0l BAE
Anz Boa(slsh 2, 1995). 2gx 7129 Aol o thETel waA
2 gt agaado] ofd 559 AAE &0l BAe] FAxHNe T-PY ¥E
Holz MW + AN AlHUTh

o
2
me
rlo
oX
o2

3

—a— Control
—e— Ozonation

T-P(mg/ L)

0
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Mar.
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Fig. 8. Daily variation of T-P in two system.
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4) T-N

Fig. 9ol dZzTolxe eZH PN T-Ne ZAWeE vehhgic
ageld @ 4 Qe et 2ol A@EVdE Rl v LERYFAN
o TNe| 5%7F g2 %74 dehdon, 1 F A% 359 37 43¢ volg
o179 o] %3E AP TNel 228 Yehuln Atk 53, o] o] FRHE
e3le eEHePolMe] TN $E7 fzTolMe TNsERT T2 2e 7
8 A%etn Atk

olst e FAMse YAL T-Pe) AA W] ARG FYE &
o] 4ol 71elE SSAATEC $47 FPHA BA Y Aoz B
o, o 139 717 olFe) ezAUTAN TN Hedngsl gae 2EFU%
£ 3% Img/r FUT oFol ol@ AWgARAS} YEAeiPzdMe 3
3 2 2¥d gAsel /AW Aoz el

olsh 2& A Fig 10149 £BARALY 2 dF AN T-N

AALZE BlRAAE 2 B8¢ A0S TIE F AU

5 TIN

Fig. 11 dz79 2Z A FolAe TIN(E714 E4 = NH-N + NO-N
+ NOs-N)o| ZAAl¥se ueich. Fig. 11(A) A9} 2ol 2E X ol A9
NH,-NE A8MA & 159 o|F 2 Ha FrhaAdSol v dzFodM e
AYz7|dANAYEH 1 $E71 & AZE /A8 Fa FrhHE 3%E JdE
Ua Ao

Fig. 11(B)olAe 2&Aa Tl HPMAF FA NO-N9 ¥x=7t §3%
z7148e Jeldgst ¢ 159 o3 RE 1 v=7F 33 FadHE §4
Uehfs v g2 7= 02mg/Lolst2 & waglol A9 dAsA deudz o
o

o
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a3 32 Fig. 11(Q)ell e 7z 4@ FolA NOy-No ®sE Yetia Ao 2
dold 29 AYRAE o 1FYFdolE NO-NsEe F A2slztd F3ig
o) & JERMH A @gtort o 13U o FREH EM T dEFol Hl
g4 ¥& NO-N9 s=73 %S vehliz 3l

olg} & AFHZ Bol AFPMA F oF 7TAFAL eEHATFA NO;,-N
7k 2Tl v EA delhdz ed oleld Ao dAde dygzrid
Aol e 2 pHAHS 2&2x2 Tl EaAd dRUolyd A7t BEol&]
Bddaia) G AeHodd &R wgg o (14), (1547 & Aol
o] go]A7] w ¥l Aoz Ar@ch(e], 1995 fEE M4, 1979).

3 11)~13)4d eI AYH BEol e EAAAE L Esto] o
A gt go]l dojupi=d o] wrge gEyolst xtopB FAHHOBr)o] HH-&dt o
44 ¥ Monobromamine(NH;Brjo] &3 wrgstad ZAAs}l v &g dodle
o|t}(Haag et al., 1983).

a8 AEAA 7UFERE EANYTAME NO-NE=7t #FA3dz
NH-N¥ 7t tiz27o ul3) dutdog e 2108 BHop EFAIYTFAME
drYold A7t 2o A& FAPEAHRL AL AIT F AN

flr

Y
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Fig. 9. Daily variation of T-N in two system.

100 BF : biofilm filtration
90 OZ : ozone reactor
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Fig. 10. Removal efficiency of T-N in each unit process at RunII-3.
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3. @80 g PIIM Hio W3

Fig. 12= £ ¢8RN LA F@go Hdle WE zt gy T
714 AA(NHJ-N, NO-N, NOy-N)o| s =wstg Jehyglo.

Fig. 12(A)= «#80°] 1134d(35¢/min)ol 1, 2EFYF L7t 1mg/2 Run
020X e 2 gz dels 25 dryoly Azt AEHA gt a8y
oldd HAaxE #FUdzx7IY 139mg/Lol oy ABUAIZRBFE AXN F
113mg/¢, a2l LEWZFXE AP Fot 077mg/tes #2¥ F Zy|z
(AR)%} B4R X(AF)E AAWA A 1.24mg/L2 Z71HE A8 ey
Ad. 281 FPE HFiAE FYx7 105mg/Lol X A E o 32 (BF)ol| A
104mg/L2 Zad ¥, 2FWNE2(0Z), Z71Z(AR) ¥ ZAH LA} Z(ARE A
AWM 122mg/L2 oA HiolMe o] A F7HE EXS Yeluz
At

a3 Fig. 12(B)& ¢ &&ol 1634 (5.2¢/min)o]3, 2 EFUYF =7t 1mg/e
) Run O-39ME &880 Bt} @& Run O-201498 o] 2} @9 Z Ao A
YEYotyd A7t A HEEHA @tk obAAY Axe FUzx7) 032
mg/LA A YELAHAZBFE AR F 016mg/L2 ZAHUL, LEWSZ(0Z),
F71Z2(AR) % BHYARZT(ARE AARA %Fzto] A4S YelUld 1
et olmo] o} Ao ¥EWYE Run 20149 FE 8o sl o
20% A= o}F P& 015~032mg/Le FEFE vl FAA Ares w
S 4 AMATHAA 93~99mg/L HAHNAM AA FEEEE JehlA ggiris
AE &+ AN

ojgt o] B} B FHF AN YRl AAE TF B
3, opAME Aae AU Aae dAAHA A2 F oA EHE A
M EG 52 FEg 2HAMY obFAN Hie S¥E e A9
&o] F7Heol Wt AAWG AAhAEe] ¥ AAF) HHH 2E2FYg
FHaFol YAz F/EAY) dEoz ADEHUD F MY AISS

l

< 8

II_.
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24 F9 A2QE] AETA et st AT AAE & dPEAAA
of #8&9 TN E AHABAE ZA Rdod, L&A o g AYe
Age AdAHor @& Frhe A AFAL Jo FAAAE Ued A
oz Aggrh

ojg} & AIH LS B EolLo] 65mg/l EAFE MFFolM LFd s A
3t 2EASEN HEolL, 1gn YRYetd A7 Wt RUYolrt F
HeAdsEo AAgdeE Aoz FHol € F A2v(Haag, et al, 1984). 2 &
4+s}g o] Hypobromous acid(HOBr)gtil #th®l gtRuobyd Fael sheby Ay
2L (18)~(22)A ol JERY ubgo] o A A7 Aot
o7l dRYolyd AL Img/LS AAscd AT o83 LELEF
(18), (19), (22)2 W& Ao ZHE 514mg/Ld < ¢ 4 Uk a2} AA 2
Img/te FURE o AAHE dEYotd Fie 1 &3 22FFH:e
Agt zto]& Hol: Yrh o]RE E Run 0o AFZHANE LE X 7o
2ZF Img/Le FUE WAL FEYolY Ao ¥ 2ELFE Img/LEt
A3 Yoz @& JIHEM)RFLE FAFAAN A=A SHSEH
oaf AAHU7] WEol o]2HA F3tne Aol7t Av Ao Hotdo

o] 5(1995)& B Eol2o] EAtoA & o FRYotd Ao dA}
ATE A4 AL Fd duEctsd o AFdME LEHFATE ZA
gog LueEFo] Frtstd gFaLC] AAUdR Busn Utk AL 2
ArATGAN 8 11~1631H(3.5~52¢/min)o] WA &AL o] F
(1995)9) A7 A} vafE of T@& Frhol et FAF AolE YA
' gt oldd R B APgzddMe HAYcHLEE FYI =&Irlde
O F7t oty #gEE, o8 A% dFe doE ASHE AT 1
Hojo & #HAZ AAlA g

<

rlo

]
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Fig. 12. Variation of inorganic nitrogen in each unit process at the circultion

ratios[A:11cycle(3.5¢/min), B:16cycle(5.2¢/min)].
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Fig 138 2&Ae) 7o 2&F5 e 270z H dxTe 2837
FzU e 714 Arel AANWSE ey Y

Fig. 13(A)e tiz79 &g Follde NHS NyL¥sg vetlzn o
NH-NE dgz710 2&42FollM & Img/Ls FYUF F$e AYstns
2EHY T st 2P NH-NgE7} 23 & &g Holn Uk
o] AL o] AL LEHYFAMY A7 x| dHEH FJAERFF
of HoldFHEo] FA4HUY HFoZ Aldch

Fig. 13(B)& zt AP TelXe NO-NyEW3E vehln g 2&EA2TF
A9} NO;-Ne Hgx7lel tiz79 vusd AR 03mg/e7hx && 2o
BHYn ddFarlde fz7o49 NO-N¥xe vlxd ¢t& e do.
agin gEzFoMe NO-NeEs 2&EXFe ol & E9o Zae gn
01mg/e Hx=o] YA A4S FAHAH.

283 Fig 13O WzT9 2LEHFAM NOy-No #stg uehia
gk NOS-NE dizfet 22427 RFold Adzsudds 2o 4858
@7le) NO-Ne &7t 423 £& &g deto] dgFaddd dzrdss
A1 100mg/e, LZEHBFAME 80mg/L2 tEFe NOs-N7b &N T
dla) o 20mg/es] & Aole] FEE RATH

Fig. 13(Q)8 29 A¥F8Ad dx7, 2&3 TN 25 NO-NyE7}
bgel £ ¢ YEhT ed oA FASeME Fudol 100ppme
gate 49E Aoz @ o2y Aol o Fol did Aol daNE o3
HagsA 2ug vle AT pHY alkalinityE ZAA713 o)FEFol 93¢
u] 3t n gho}(Hirayama, 1966c¢).

ojg} Ze AFE Hol QFEEL FYH &MY TAME NHS-N7} 234
Z7tg sn QAW h2Fol vlsl a2 dehdn Qn, NOSNE ¥3F %
23] AYFEAAE A T vk Yedn JE R Bol &

ox
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EAe TN FRYed 27 A¥ERHT USE ¢ 7 ATk FAR &

AzAdME 2LEFYFE7E HRA NpeR SAEAoN, 0 £ &

719 LE AR F VI(K) - AHHEFS FEF FAHANM F

FE&o] vy v diod Y7 sl dRYetd AAE dH AA
%=

A7) A 2&n dryeld vt F

L
o

—l>

ERE P R HAE MY BAAII] AdMe LEFUTEATF
7het e LEXFFEASS Bt =Y & Je FALY JHdel 2 FHUG

Fig. 14 &A1 2zt M & H(BF, OZ, AF, AR)A 2&F<U%

2 2714 A2 WsE Yehllz At Fig 14(A), (B), (OF Bd HAyrz o

Agoteln 2(BF) M vl g Aatshubgol os NH Nt #Hasdxn
NO;-N& Z7lete 48 moln Utk 223 23w Z(0Z)dME NH:-N
7t A3t NO-Ne &g o Fadden NO-Ne 7o 433

03 Hop REWMZFZ(OZ)d M ety A7t HYPLEHL USS &
AT + U 1dx: PSR (AFS} %7 2 pH ¢FZ(AR)el A& NH(-N
AAE Bola gt

2] Fig 15% LEWNZZ(O0Z)NM LFFUYFEE 1, 2, 3mg/Loz2 &
Hog FAF 7S dRUoty Aao MAELS UYeD Utk TAAM B
W oo E2we(0Z)d A9 NHy-No| AAEZEE 47 45 520, 735%2 QL&EF
YFE Z7HE4E FFYoky Fae] BAE AYE ¢ £ YA AW Fig.
1Boll A e EHeFolAe NHS-N F=7t 3718 8lE Holn e Ao Mo}
LENSZOZ)AM AAHNE NHS-N SERTGE FXloldel Abgole] iy
23 ARRAZe o AAHE NHS-Nyest 2o Eof 22e $£zue
NHy N3 =7} 37548 Holn e Aoz o=t

olg} o] HEol&e] EAste &t FAFF FRUHH A
Fe FYEF ol HlATE #$AsA 2y NHS-Ne| 2de $£39 B
Fol27 F, ¥RYoHY HAvl whgatd (18)~(22)4 3 L w3l A
dojus Hoz At "rhol, 1995 Haag, et al., 1984).
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Fig. 13. Daily variation of inorganic nitrogen in two system.

(ANH,"-N, B:NO,-N, C:NO;-N)
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Fig. 14. Variation of inorganic nitrogen in each unit process by the increasing

with injected ozone concentrations.
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Fig. 15. Removal efficiency of ammonium nitrogen in ozonation reactor(OZ) with

increasing injected ozone concentrations.
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Wk Table 50 Jebd 2R AW F 90U ASAYL T3l LEFYF o)
e VFLEFTTE AN 2y, FTUALEFE7} Img/Lo]ln £ EFY o]
2375ge]l =& Run [O-3717H4¥ 10¥)ol 0.36mgOs/£7F A& H Ak 28y o
Aeolle 488 A%y Yt BHFLFE0] AEHA v FHEL A EA
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AP o] R BFLES FA4o o3 RAuuE ARS8 AzH FAF W
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(Harumi, 1992).

Table 5. Residual ozone concenturation due to ozonation

Run no Injected ozone  Residual 020N 1yl fish  Final fish
(mg Os/8) (g O3) (mg Os/1) number number
-3 1 2675 0.36 54 54
m-2 2 441.2 0 54 54
-5 7 1,337.7 0.44 50 0

photo. 3& AL HYIINEL 2T +2UWe] P2y F2HE Yen
Atk IHY 2EHAS AN B YRTFE AZto] FHUSE AFS 5o 53
£7} ol m Fx¥Ae] ¥4 FEFY oF B4o dstel 42 WA

A7t BAEAE @ W) LERYTE dEFol ue) RAYFERY Aol
o Ag5d YR/ @A S4B 4 AUk ol HY LEHAT 7



ohi

A, 2% 59 42 9 25299 dEo £3YEHE F4AZY

T A th(Kovayashi et al., 1991; 41, 1992).

Photo. 3. Attached algae at the wall of cultivation tank in control system

(x 100).
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M 712kl B2 E 5~8mg/LolstS S 4 ARow; T-P, T-N, TINe| # AW
SEHANE AEhdFdst eENAI ARSF FA FRE PHaAHE e
o

3. &880l ME AGHTEF FrIYALe WHE ENG ALY &8
go Z7Ha1~16817)0] Wet 2Zo) o@ HRH AHLAHE Yo AnB
Ag GERow AtHoz 4otz @ YENH usteh A F
A 2B deha gsc

4 2EFAFTE 1~-3mg/Le] HHoA LEFYZFY F7to et AFHFT
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