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Abstract — Nitrifier consortium entrapped in Ca-alginate bead was packed into packed bed bioreactor and the performance of
bioreactor was evaluated for the removal of ammonia nitrogen from synthetic aquaculture water. Total ammonia nitrogen (TAN)
removal rate by packed bed bioreactor was continuously increased with decreasing hydraulic residence time (HRT). The optimum
ratio of packing height and inner diameter of reactor (H/D) was 4. TAN removal rate was increased proportionally with superficial
liquid velocity. Low dissolved oxygen (DO) concentration was limiting factor for nitrification but DO concentration does not

affect nitrification below 0.1 hour of HRT.

Key words: Bioreactor, Nitrifier Consortium, Ca-Alginate Bead, Aquaculture, Ammonia

LM B

Az AR 55 Bl ofFe) L0} R 9w o9
Ao 57 WEE A% S Askd A28 ol ofF A
o] TRHT YT APl 2179 S48 wEA o3l B
Fe) A% el 29 AT = Fgolr.

B2 olF e Po) ) Mol FFrAH WA o|8H 9
£ olRel P4 Azgone 444 BN, 1R F &8 A3
2 o] itk frad) P 7R P Pl 9AF A
2730 elEshe AH Ao AR W2 ASH 85 T
¢ 2oz 57 PH AE 4t AR HENEE 84 2E
3 50 Bo| BARE FUUG. & iy PNE Agzo]

N #2d ASE dolF Mo PESH QT Buld U BB

2 Hael §58 olgdle] RS TUEE ASY & o] A
& FUNL & AT B o £E0Y A Al ople
£ 2% 943 A HAY & 9L B o aulxe] At

T E-mail : khsuh@dolphin.pknu.ac kr

487

YA F Jermg WPRE £Y F e ARE AV de &
2] A 2wolrH1-2].

T8 3] e oRE TUEE AR uhel ARSFoA 2
e 29ERY 4= Bornz e 2F9EdY FdFx
A& AAZL eFdnt AN BT 2HEE F R
thAtatE-3 vl F Abgst o] el oM e gryo}
= olFol feldt FFS 7ATH3-5]. YRUoks FFolA ulol A
FEUOHNH,)9 o} ¢RUSKNH]) Hel2 HYE 0|23 Yo
v =9} pHell wieh A Bl&o] Bt Hiol &y kol
=9 AlEHe T3 AFEAME oFolA AHHA )&
Al Holle] v 73 B3HME ARSE U9 vlo]2A gmye}
£ 0.02mgL °|32 fAF=S AT YuH7l.

TR AT FAelM gEUM AAE A Yl F=2 A4
B AEe ARSIt BT gRUoM Ax AATHE A
QA wAZ AT RS TR WHEE Nirosomonas
&o] vlE o YRUoHd FAE oA WA Azl £
Nitrobacter %2] g o3| o}ddA A4S AW Arz st
ANZITHS-9].

A AREL e AESE gEUY AiAA FPo=E A

N ol



488 et - A8st - AR

A2 AEY TA, A G4 A, 3H 9% HEF: I To= o
E 34 AAA BHe] zldFoz HAte ngES olgdke T
A AEY FoltH10] olEe 2 HEY THS AERS ¥4
skl o] oW Alzbo] An zdF oz RAs] 48 dol ¢
FFo=m AHsH Ho| FAL AELS YA @l U
ol2 s AETL WRoMEs ¥r1d z7o] P e Hat
€ RS AETH fAlY HEA PAske A o8 9
oA Yl go24 wer] uiie] AEFFe] WelxA Hol ¢
Yold "Aa AAEEC] AstEHE U] . oj9} 7re EAH
fdste 24 AEY AL gk 2o Y9 52 32 &
S de WHoE IZAS] vAES ol8% YR Fa A
Aol gk B A7rt AP ArH11-13].
JEo] TZIAINE FHE T2 ol mlAEES 23} o
Sake et E4n) BE vAES IASAA o)L AHS- wt
271 Wl vAE T8 Folx vIAE] A& (wash outys a3}
g 5 glo] AiAE Y 4 ) old ERIAHFIE L AEF
HopollA o3 ARE olgHo gon e AEIH HAe
A T &= AUrH14-16]. TRTH3E} vAES HETE ¥
A FA ol A9 HAFHEo| FAsie B nAENE &
T gAY eX8l 2AsE = Qo] B §8L 4L F Y
3 ASgE o3k vl Ee] Ao §10] wHeT] el {88 mAy
S TEER {AE ¢ Jvh TBIAE uPEL 2 pHE
SAzz10] FA3] HalslAY EAERC] fYHE 743} 1)

o o

R
o

u

~
o

e

ﬂ*fﬂl‘

rlo

A2 AR LG sl o] WalA o L AT 3
ok E@ Aelret mgBe) Felrh vhe golsld Bwe] B4
o]

Edgsnz o 728 uUFE Y 7t AvHIT7L

A drEAR T e 2AE WAES o83 dEyoly &
AA 8L P2 dRYold Ah sl AuHE AAE
BE 3l
Ao o] A3} A Eo] 44 dEHe Ay
3 719 3¢ wgEo] 343 nAEo)] 23] F=3A) 2l
AA Z&o) @& EAIF] 2TH18,19].

2 dFe oF g P IS FAL Ak Mg &
FEJAAR] dRUolY HAAE FHHoR AAY F Yr HEH
Azge ALE sl 23} nPEL o)L= Z7)4] ukgy)
o] ZAEE FEIL B} 5 A3} ALL 9L 4 Y= A
Z AENE7IE el A FolRE £ gRYold AAAA
AYE Faste v E7)4 YEEE7)Y] £8 7 oA Fx]g
IR HErleAS AEST Ay wrerle] gEyold Aa
AA B4 $4AA 5L 1@ TA ) '

2.4 H

2-1. ASM|Z 2

SskrAzlgel wiE E4E3RZ 65 mesh(@: 0.21 mm) standard
sieveZ ol-8-3ld FFEL AAAZ F, RAstMld-F(nitrifier consor-
tum)?] FA& 9J5ke] FEEL o183l Table 19 U} gl 717
= Al FYRHEA 1Y B £YAPL A mE

Table 1. Composition of nitrifier acclimating solution

Composition Concentration(g/m") Function
NH,C1 59.43 N source
NaHCO, 71.4 Alkalinity control
Na,HPO, 18.85 P source
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Fig. 1. Block diagram for the preparation of nitrifier consortium and
polymer for immobilization.
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1. Outlet port
2, Drain port
3. Inlet port
4. Immobilized nitrifier
consortium bead
5. Peristaltic pump
6. Waste water tank

Fig. 2. Schematic diagram of experimental apparatus for packed bed
bioreactor.



P ol 9] NH, N AA 918+ Ashilg 2gsiel 424ke7] 489

Table 2. Composition of synthetic aquaculture water

Component Composition, g/m’ Function

NH,C1 9.6 N-source

Glucose 30.0 Organic carbon source

Na,HPO, 40.0 P source

MnSO, 20 Mn source

NaHCO; 68.8 Alkalinity control
A= S5

W-g7] AZD)P] dF 3% ol Ble) FFE HAAsP] 4
g A4 e v RRE 8cm FACE el WETE
AXsgem 3% 270 g W&ol Eol ¥ie A 17H 6
ojglem 7t o] ¥ulE 400 mLol3UH

2-4. B JoiEF

B A ol P4 PRl FALE Table 29 2t} WY
W2 495ie gRUol] i FxE Folgdr A oF A
# ulolex grijopd ArFEE Lz 0.02 gm’ (71 71EHY
25°C, pH 7.59 m¢] 9xvjolyd F(total ammonia nitrogen, TAN)
o] ¥l 25gm’e] HES sHon YR Aidos g3
SR FNH,LCYE ol&3tET

ARl AREHE dFEE] 23S 95 FHIUEF(NaHCO,)
& olgslger fYsEE T4 IS &9 dEYoHs davt &
A3 ANsE ASor PP et BEA S dRvory 2
& 1goll i3l 7.14 g as CaCO7F HES 1At 71842 U02 glu-
cose(CgH,,00F AMgaton QRO Z NaHPO S ARSI 7]
Aol g3lE FFo B Y FHPR] BES 3] 5%
Eg AMgsin) AlzE 34 13 pHO 8882 B 9
ARz 2HIA FUT

2-5. AU

H|Z7] 221 wgr1e] 4¥e uhgr) Ao g 3] ol ¥
7t B ARE AFsk] shle zold g 498 AT F 33
5o} QIE beadE AASK] B} B F3 Folof djg AP s
o shtel Fold whall FEEH AFAITHE 05587 M FE
0.02/77kA] ZoldA 3Tt A AFAIZEe] Wl dis)
¥he7] 23 gRyold " FEUF A9 IS BN 2-3
3 NEE AFsld 243 F HIgs AEE AREEATh

2-6. A4

Ao a3 A9 BHE TANS ¥4¢ 95l NH, A=
(Orion Research Inc., 9512BN)©] 2t Ion meter(Orion Research
Inc., Model 720A)S ©]-&3kd o248l W20 <& £4st
93, CODE AH KMnO 2119 we}t A8 AF FA] 24315t
pH PIEI(SUN TEX SP-701)Z AH&3le A8 AF 9} FAl4 pHE =
AP s DOE ¥H37] Aol £E44EA7](YSI, model YSI-55)
o] AFE Fol ATt YL EE AAY220 g8 BAsigT).

2-7. Data AlAHa
gryoly ALl CODY AAEZES} §F440] ARET =
2] (1) 2ol A

C, :W7IE fYsRe AR o8 FE(gm’)

C,, : 71 fESE AR 20 FE(gm’)

v ekgTle) BEmd)

Q :uIE AslEE Sl REmYd)

T 8Ale) WhgT) Weldel e ARAZH)
a : A¥(TAN, DO, COD)

KEEZVU R L

31, SN HRAIZ R TS 20| AY

&8 daky goi S8 Mo 5AL AR U9 4RYeMd
Az ¥EE WA fASE 2otk &8 AFY gl £
AL 9wrEl A FAFE gel AR A HiEE &
257 AREE AA A $AHE AAE FYHE AeR THO
th23). AEd TR AS ukgr1E I FHE WY AAexE T
QAT 139 55 B3 AAY dRYoMd Eie] AAEe] 2
0L SEiEls $E5E ACPANE dihe AAES 42 F o
omz ukg7] 13] B34 e AALE fA%E Aurke A7E
=2 ¥/ fA8R: 2ol o Fasith24]. 2HEE AA S0t H
g @ wkg71e] gl Al £ 5 Uk

Ao Yoy Ak AAEEES g F IE FIF 714
488 AFAT FAEIE FI7] st whe71e] FHF
AFAZHE 05547904 0.02217271A] 3713 ¥kg7] W D)l
g 23 Eol(H)e BIHD)E 6IMEE 322 WAzt o]9t
e zAsIM gRUM Hh AALES AA L] wslo] iy
P& F3ste] 2 AAE Fig. 37 40 =ABIIH.

FEEHH A FAZR] w3l we Rl Fie AlA S
Hshs £ AFAIL] 05507004 00542 el o
2 AASEE AA3] S718IRLH 00547 0.024173e] ¥}
A AFAZL FLAMME AAEEE F53] S7HEIIT

Ca-alginateo] 78313 Al #wg 38 23714 wE71E
olgsle) FA YolFs &ol dEYoM] AAAA JFE A Suh
02519 Aol wEw £ A{FAZ] AHEFE fUHE
FeUoly At F7t8t AALEIE FUHsle 0.377ke] 25}
A ARAZIM 82g/m’ - do) 7FY T YR Abe AAL
T8 Bgoen I o3t £ AFAIME fiEHE Y=Y
oM A7t wAE s A=) Hel FEHE dRUM 2
A0 Hlgo] F7I8l AALEE 238 AL AT Lee &
R61= A AHAZE ol FoIF BT F9 YRYoM Ah

1200
—@— HID:6

g 1000 —&— HID:§
e —A— HID:4
E —v— H/D:3
S 800 -
2
[
= 600 -
>
g
[3 400 -
Z
" 2001 \\‘

o L] L ] LJ L LJ

0.0 0.1 0.2 0.3 0.4 0.5 06

Hydrualic residence time [h]
Fig. 3. Changes of TAN removal rate on hydraulic residence time.
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Fig. 4. Changes of TAN removal efficiency on hydraulic residence
time.
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Fig. 6. Changes of difference between input and output DO concen-
tration on hydraulic residence time.
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D : diameter of packed bed bioreactor [cm]
H : packing height of immobilized nitrifier consortium [cm]
—r :removal rate or consumption rate [g/m3 - d]
~Tpuy : TAN removal rate [g/m’ - d]

1o, :DO consumption rate [g/m’ - d]
C : concentration [g/m’]
\% : volume of reactor {m?]
Q : volumetric flowrate [m®/d]
A :slope of 1st order regression
B :intercept of 1st order regression
v : superficial liquid velocity [cm/sec]
Jzlo|lA 2%t
T : hydraulic residence time [d]

X}
a : component
i : influent
o : effluent
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