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ganisms Including Photosynthetic Bacteria.
Soo Kyoung Jeong', Hae Yoon Jeong’, Jeong Sub Cho’ and Joong Kyun Kim'"

Kyoung Sook Cho', Jeong Bo Kim',
| Department

of Biotechnology and Bioengineering, Pukyong National University, Busan 608-737, Korea,
’Doosan Ecobimet, Yongin, Gyeonggi-do 449-795, Korea

Abstract

For efficient removal of nitrogenous compounds produced in recirculating aqua-

culture system, the N removal characteristics of immobilized mixed microorganisms were inves-
tigated at various mixing ratios of photosynthetic bacteria (PSB) immobilized in PVA beads
or CTA cubes and ammonium utilizing bacteria (AUB) immobilized in PVA beads. On the
optimal medium of AUB, the maxium gas production rate was obtained at the mixing ratio
of 10:40 (PSB:AUB), and the gas production rate increased as the portion of AUB beads
in the mixed beads increased. When the mixing ratios of PSB:AUB beads were 50:0, 40:10,
25:25 and 10:40, the final pHs were measured to be 6.29, 6.01, 5.69 and 5.13, respectively.
On the optimal medium of PSB, however, the volume and the rate of gas production decreased
remarkably as the portion of AUB beads in the mixed beads increased. The final pH was
measured to be approximately 6.5, regardless of the mixing ratio. In the reactions by the mixed
culture of PSB cubes and AUB beads, all results showed the same tendency of those by the
mixed culture of PSB and AUB beads, but the volume and the rate of gas production decreased
remarkably, even with 0.2ml of gas production in control. From all the results, the use of
mixed PSB and AUB beads at the ratio of 10:40 seems to be efficient to remove nitrogenous
compounds in wastewater from recirculating aquaculture system.
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EA9] 9= polyethylene glycol, polyvinyl
alcohol H+= cellulose triacetate “5-°] ATF ©]% polyvinyl
alcohol (PVA)$} cellulose triacetate (CTA)= 714 ©] A
At A7|F ARGl thek YA o] =m FAdo] ¢l
o= dxlel Slof, 84 #laAelol] ARSI Jlor
I WTFAEE 2 AR HUHEI UHH2,7,15,20].
Ut o' Hg Fo AR A A==
n| A& = Nitrosomonas2} Nitrobacter[12], ammonia
oxidizing bacteria®} nitrite oxidizing bacteria[5] 2
activated sludge[31] 5°| B ¥l a1, sj4tE 7}
A A E = HeE At vA=EEE Chro-
matium sp.[22] Fol, AHAAR HTY AP el=
Rhodobacter sphaeroides[26] T 2 Yo A5 =)
A4 A 2loll= Rhodobacter sphaeroides ST[19] ‘&
o] RuE 1 glon}, of ko2 FAA vj=
Hao] Aagdwe Ao a4 vAES B
B vt glvk #HeAY nAEE 5 FE8AT
(photosynthetic bacteria: PSB)< Th¥F st & /2]
A &3 & A, AN 2as A A
AAL 7 A= AFo] e Ao B
ATH14,16],
ATolA = =gl Al=E[16] W
OO

B AT] 1S Tt 1 AHEEAE A3
itk Hrh G849 dAaAE (NHS, NOy
NO;y) AAZS Y3te] PVA == CTA BAo 1243}
A1) 3B A (PSB) beads 2 cubesE NH, & &+
0] 8-3F= T(Ammonium Utilizing Bacteria; AUB)=
1733} 3t beadset A HIEE £33 B A3}
7o N AA 54 dolrgith

WH ol

M I Y

A E g oA

B Ao AM8-E B M Rhodobacter capsu-
latus (PSB)= 7159 FF/4A - - 3] ARSI D-
Bkl A Ao Aol AFESFR L, NH, & & o] &
3= ¥ Enterobacter asburiae (AUB)& ZA4+s) - &
A4rs}E qh-g-o] ghihs] ol FlA o]
Z2HY & et ARgsHiTh 242be] o
O3 -2 HAulA] 2o v e L {A =
(Table 1).

Mineral solution &4 (1L ©): FeSO, - 7H,0, 3g;
H;BO;, 0.01g; Na,MoO, + 2H,0, 0.01g; MnSO, - H,O,
0.02g; CuSO; - 5H,0, 0.01g; ZnSO4, 0.01g; ¥ ethyl-
enediamine tetraacetic acid, 0.5g ©] 1AL, v A o] 7]
pHE 7.00.2 23S0

3 AN L
2 orlr o o

Az 3143}

PSB % AUB 9] 14 3}+= PVAE HA & 3t
Chen et al. (1997)[6] *3*Holl w2} bead FENE TH=0]
I RHEEAS AT WA, 7,000rpmol A 15
B YA BEEte 7S & F 0.05M p-buffer
o] Zo] #9] FEE 200mg/mlcl gt o] + &9
< 17% PVAS} 49] HF PVAY] =7} 12%7} F
EE 3t HF EFEYES 20cm 0] 9] needle
53l ofgol]l wRtE AL )= X3} boric acid £-HE 0
2 H3IAIA 050.7cm T8 9] beadsE THE T 4A1%F
FoF WAAZITE 1 F beadsS 0.5M p-bufferol] A
IANZE F7HFo] bFSAZ & HAad S/HTE Al
et Ao AREsHAT

Al CTA (cellulose acetate)ol] 173}A|Z1 PSB
cubes= Yang & See (1991)[30] ol wp2} A =
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k. H A dimethylene chloride &Kol cellulose tri-
acetate S 10% ¥ 3L 100mlel] B30 &3t} o],
LR fHEHS At LH =8 R (KIKA
Labortechnik) & AF8-3F%] 800rpmol| A SAIHA = &
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et B 3% 20mle] SHTE 91 1084 %
ZHEAl ERAR FH EFA S TtEAEREO|TL
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gYo] SoAe &7 sFAE FIHFo T
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PSB PVA beads =& CTAC 1A 3}gF cubest
AUBE 143}3F beadsE 2] HI&=E 4o]4 N A
A58 S 2 v Ee] Asste aAdA A3
t}. 50ml syringes AH8-3+d v} ] 25mlell bead 507
T+ ©] bead AAS] wet cell ¥ LS 4719
cubesE ¥} 30T, 180rpmoll A A3t} o|w,
beads $+ 7N E017F= wet cell?] ¥ 11mgo] $ith
n A& NAIA 23} dAYst= 7129 pH 5= 2
At x| &) NAG#o] drht A A H A=A
o} X gk}
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Syringed & 2] % pHE pH meter (Humas Co.,
Ltd, Kore)Z Z73}% 1L, syringe Ul ol A HE-g-of 2]
& A E 7t~ gas chromatography (Perkin Elmer
Instruments, USA)E 439t} AH8-E carrier gas
= Heol 3L, o]uf flow rates= 30ml/minZ o] &4
SEATE N, 7k 410 A& Z T2 ‘molecular
sieve 13X' (stainless steel, mesh 80/100, 6ft 1/8in)°] X
31, injector, detector2} oven ==& Z+2ZF 100°C, 200
TS} 40CoIATh CO, 7h2 #41-2 “carboxen 1000”
(stainless steel, mesh 60/80, 6ft 1/8in) Z &S AF-&3}
o B35 A, injectore} detector =%+ ZHZF 100
T, 200CoIAth. B4 F oven =5+ T Z1H
o3 Hg 38 40CTE FAAIZAT}E 30 C/min
EE2 170CT7HA] AT 24 71419 &5 Alqt
< o] 7A WA S o] &ste] A4lstAT

27 ¥ D

PSB beads2} AUB beads &%l 23 N A A

=
54

AUB & 2] HjZ|(Table 1)l A2 &3 1243}l
2|3 NAIA 54E &olir] sl PSB beads 5071E
syringe®l| 23 A3 ¥HE-E control= 3+ AUB
beads®}o] &g Bl & WE A7 e MHFELS &
oFR AT Fig. 19 I A3}E YA, o9
T o s WE 7k A EE Fig. 290
UEMN A S ™, syringe W oll @AY 7}~ GCEA
o] A3+= Table 20 YEFH AT Fig. 1014 B o],
PSB:AUB beads®] H|&-°] 10:40 € ) syringe Wl
7 B2 7h(14ml) 7 A H R, PSB TS
3143 control HE-§-2] lag time®] T2 AUB ¥57}
ARl EFY whgol s Aoe AS AT
AR ol AL FFAA ol A=A F)el
met S ST 34 2R [10], 7189 Tl
ue} v EL] A-gAIZte] G xitt4]e ATA

Table 1. The composition of the optimal medium for each
culture (per L)

PSB AUB
Malic acid lg NH,4CI 0.382¢g
Yeast extract 3g KH,PO, 0.066g
Casamino acid 2g Yeast extract lg
KNO; 2¢g Glucose 2.670g
Mineral sol'n Iml Mineral sol'n Iml
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Fig. 1. Gas production at various mixing ratios of PSB and
AUB beads. Reactions were carried out on the AUB optimal
medium at pH 7 and 307C.
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Fig. 2. Gas production rate at various mixing ratios of PSB
and AUB beads.

o} ko], PSB w57 el A7) e] HAuj A7} of
U o2 w9 =1 &HollA NEL H3o] I
83 HFoE Heln oju, Hoj 7t~ LSS
PSB:AUB beads®] S&H&°] 1040 & W, 7H &
<2 0.87ml/hE YEFH AT} Purple non-sulfur bacteria
Z9] 3R] Rhodopseudomonas palustris 33373 Ao
o] HA vz & HA = sfell A, free cell FE
9] R. palustris®] H N, 7} A EL 0.2m/h=
HaE vf Qlo[14], B EAMHES o] &3 & AT
of vl & wf, ¥ A9 A= FFAATY
A Z17g3}e} NH,£ & & ©]83}= AUB beads}+9]
A3 Sl o3k A=A a3 dxr Helt,
TS %A beads & AUB beads®] 31 &0] &
T5 7t A& BolfS &  deE, ol
AUB #79 HAu| AN A 9k AF7] W&otk
(Fig. 2).

12}, Table 25 A HH, 9H-3 beads 5 AUB
beads7} A8t HI &0 ESTF 7t YA FS
BAIRE, AA| 7ol EAshE A N, 7H2=29
AE Y] S control(89.49%)°l HI&] ZFadtth= A

< & & Ath Table 201A] ‘theoretical max gas

volume’ o] YER g2 ul| x| o] &A= N-sourceE
Bl o]2H o E WA TH53 NS Al Aol
Al GC A& B3l 1% N, %5 32lste] dojxl
A, AA S8 7T o) 28 Apol7F Wol
= olfrE Ny 7F=9 o & 7(FE €Oy A4
o] Z7}3l7] w-&Eo]t} Koku et al. (2000)[13]12] A3}
ol Al o], FFAAA L] S fI5t A4 7}
o] 71& o] AFEE 4 QO TCA cycled] E5%,
A of dAof ], 71H e e 2 ST AR
=29 M85y 59 8RS ¥t BHHQ
714 & Ags)oF atH, ot 71d S g Ax
AR S HoE o o] BauE o) oebA,
2 AR Ao A Bzo] T FoTre oY
J A= SE A wep GekAH, $HxA

T}. PSB:AUB beads®] &3t HI&©] 50:0, 40:10, 25:25,
10:40 & i, HF pHAtS 217 6.29, 6.01, 5.69, &
51302 JEFGTH AUB beads®] &30 E0] Eo}
A4E o 92 pHitS UEH 2102 Hol AUB
45 NH & ©o] 83t &3 o pH 3hs wol
ol 79 ¢ T AAT21]

PSB & 2| #]A|(Table 1) A&3 &£ v A3}
of 9 N AA EAS dolir] 25te] PSB beads
508 23 A3 ¥ control2 Sl AUB
beads9}o] &3 vlgol W2 WHSEAS Yol E
o], 7 A= Fig. 30 YEFARAIL, GC &4 0] 7+&
St control ®F-§-2] syringe Woll FA S 7122 GC
A9 A= Table 30 YEFARITE Fig. 3& W
control ¥H-8-9l H]3l] AUB beadsS PSB beads®} &3
gt AP A= 7t A HE-go] FA A Al
dojhs & 4 AUtk o)A NHSE & o] &3t
AUB©] PSB7} A& 3}= v A | A& NH, A &0l
o] AUBOY 2Jgh vk-g-o] A9 dojua] & AL
2 A2, Table 32 X, control ¥F-gol W] 3|

Table 2. Characteristics of N, produced by the mixed PSB and AUB beads on the AUB optimal medium

Ratio of mixed Max. volume Gas production Theoretical % N, Peak nmoles of No,

beads (PSB:AUB)| of gas (ml) rate (ml/h) max. gas volume (ml) | on GC area calculated
50:0 8 0.56 4.73 89.49 43643.3 52.26
40:10 12 0.57 5.01 84.45 23599.8 40.03
25:25 11 0.58 5.00 84.62 30912.3 43.58
10:40 14 0.87 5.08 83.26 23277.9 45.49
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Fig. 3. Gas production at various mixing ratios of PSB and
AUB beads. Reactions were carried out on the PSB optimal
medium at pH 7 and 307C.
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3, AN AEE Tk AES GCE BA%
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Fig. 4. Gas production at various mixing ratios of PSB cubes
and AUB beads. Reactions were carried out on the AUB opti-
mal medium at pH 7 and 30C.

Table 3. Characteristics of N, produced by the mixed PSB and AUB beads on the PSB optimal medium

Ratio of mixed Max. volume Gas production Theoretical max. % N» Peak pmoles of Ny,
beads (PSB:AUB) of gas (ml) rate (ml/h) gas volume (ml) on GC area calculated
50:0 10 0.83 17.71 99.37 195573.2 323.946

Table 4. Characteristics of N, produced by the mixed PSB cubes and AUB beads on the AUB optimal medium

Mixing ratio of Max. volume Gas production Theoretical max. % N, Peak umoles of N,
PSB:AUB of gas (ml) rate (ml/h) gas volume (ml) | on GC area calculated
4:0 0.2 n.a. n.a. n.a. n.a. n.a.

3:10 2 0.08 4.66 90.82 54569.1 16.526
2:25 4 0.20 5.08 83.25 29634.5 16.484
1:40 11 0.62 532 79.48 27660.7 40.218

n.a.: not applicable because GC analysis cannot be carried out due to small quantity of gas produced
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Fig. 5. Gas production at various mixing ratios of PSB cubes
and AUB beads. Reactions were carried out on the PSB opti-
mal medium at pH 7 and 30C.
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