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ABSTRACT

A Study on the removal of Nitrogen from Synthetic
Wastewater by Immobilized Microorganism and

Biofilm Process

by. Kang Yeong Ju
Advisor : Prof. Choi Hyung-il
Department of Environmental Bioengineering,

Graduate School of Chosun University

The aim of this research is to develop a new process of Nitrogen
removal. Whole cells of Klebsiella pneumoniae and Pseudomonas
aeruginosa AE-1-3 were immobilized by entrapment with polyethlene
glycol(PEG), and various factors on the removal of nitrogen from synthetic
wastewater were investigated by batch and continuous reactors. also, the
possibilities of the removal of nitrogen was investigated by using the

biofilm process attached to a nonwoven fabric.

1. The removal of NOs—N by immobilized K. pneumoniae

The removal time of NOz-N was faster with increasing of the bead
amount in the reactor. The immobilized K. pneumoniae utilized glucose,
acetate and methanol as carbon sources in the anoxic condition, but
methanol as a carbon source was not used for removal of NO3z-N under
oxic condition. Until the C/N ratios of 2.5~10, the lag times are similar but
at the ratios of 10 and 30, the lag time showed a tendency to getting

longer. And in the case of C/N ratios of 2.5, about 41.3% were consumed

_Xi_



because of the lack of carbon sources. The NOs—N removal efficiency of
65.3% could achieved at the low temperature(10C) by the immobilized K.
pneumonjae. It could remove more than 15% than in the case of free
cells. When the NOs;—N concentration was 200 mg/{ in the synthetic
wastewater, approximately 93.1% of NOz—N was removed within 30 hours
by immobilized K. pneumoniae. The immobilized K. pneumoniae could
remove NOs—N under anoxic condition. NOs—N of 50 mg/Z was completely
removed at C/N ratio of 2.5 under anoxic condition. This indicates that It
is possible to remove NOsz—N at a lower C/N ratio than the oxic condition.
The average efficiencies of NOs3—N removal of 99.9% and 99.8% were
achieved during continuous treatment by immobilized K. pneumoniae at the

HRT of 24 hours and 12 hours, respectively.

2. The removal of NHs—N—-N and NOs—N by immobilized P. aeruginosa AE—1-3
The removal rate of NHs—N and NOs—-N increased with increasing of cell
concentration in the immobilized beads. A higher removal rate of NHs—N
and NOz—-N were observed when the smaller bead size and more visual
column of the immobilized beads were used. When glucose, was added as
a carbon source, 50 mg/f of NHs -N and NOs-N was completely removed
in 18 hours. other carbon source, such as methanol was not utilized.
NHs—N was completely consumed at C/N of 10 and 20, but C/N 5 and
2.5 the removal efficiencies of NHs=N and NOs;—-N ranged from
35.7%~76.9%. The removal effciencies of NHs—N and NOz—-N increased
with increasing of temperature and the NHs—N removal efficiency of 94.8%
could achieved at the low temperature(10C) by the immobilized P~.
aeruginosa AE-1-3. The average removal efficiencies of NHs~N and NOz—N at
the HRT of 6 and C/N 10 was 90.5% and 93.4% respectively during
continuous treatment by the immobilized P. aeruginosa AE-1-3 when NHiNOs
as a nitrogen source was used.

In the case of using NH4Cl as nitrogen sources, it was assumed that

operating in the condition of C/N 10 was adequate to remove effluent

- Xii -



NH;—N at 10 mg/4.

3. The process of P. aeruginosa AE—1-3 combinated with activated sludge.
As a result of puttingP. aeruginosa AE-1-3 to a activated sludge in
continuous system, the efficiency of the removal of NHs—N was 65.8%. But
NHs—N did not convert into NOs—N. In the case of establishing activated
sludge process and then establishing P. aeruginosa AE-1-3 process in
continuous system, the efficiency of the removal of NHs—N and NOs—N
were low. It is assumed that the frontier organic substances were almost
eliminated that the amount of the organic substances influent to the latter
one was too little. In the case of establishing P. aeruginosa AE-1-3
process and then establishing activated sludge process, the almost
amounts of the organic substances in influent were eliminated in the
frontier process. As a result, the efficiency of the removal of NHs-N and
NOs—-N were low because of the lack of the organic substances in the

latter process.

4, The process of biological fixed film

As a result of experiments of removing NHs—N and NOz—-N in continuous
system by using the process of attaching activated sludge process and P.
aeruginosa AE-1-3 at one time to nonwoven fabric and the process of
attaching just P. aeruginosa AE-1-3, each efficiencies of the removal of
NHs—N were 69.8% and 63.6%. But efficiencies of the removal of NO3—N
were 97.78% and 96.98%. (used NH,NOs; as a nitrogen source). As a
result of continuous experiments of putting NHsCl as nitrogen sources in
the process of attaching activated sludge process and P. aeruginosa
AE-1-3 at one time to nonwoven fabric and the process of attaching just
P. aeruginosa AE-1-3, the efficiency of removal was 62.5%. And as the
experimental time passes, the nitration appeared.

As a result of continuous experiments of putting NHs—N as nitrogen

sources in the process of attaching just P. aeruginosa AE-1-3 to

- Xiii -



nonwoven fabric, the efficiency of removal of NHs—N was 56.9% in anoxic
condition. The efficiency of removal of NOs;—N was 97.3% in anoxic

condition and was 98.9% in aerobic condition.
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1) &2LI0F &t3} O|ME (Proteobacterial ammonia oxidizers)
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Jld Ol A Atgl O|ME2 (Aerobic nitrite oxidizers)
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4 (N-removal processes)
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3) Anammox (Anaerobic ammonium oxidation)
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4) Canon (Completely autotrophic nitrogen over nitrite)

Canon2 &t Bl2ZX UWOUAMS E=2X01 Ot& A2 Anammox8 Z&H0|Ct
849 Canon2 S 1129 DIME9 & 95 ASIOl BI20| o8t Wy o
2, biofilm2 &I XANAMNE Al(4.5)2 22 Br22 561, biofime &

S= |
NAMME 2l(4.6)0 22 EISS ol A2 BT ACHA 472 452 6
o golch).

NH." + 1.50, — NO,  + 2H" + H.O [AG -275 kJ mol™ '] (4.5)
NH." + 1.3NO»~ — 1.02N» + 0.26NOs~ + 2H.O [AG® -375 kJ mol™'] (4.6)
NHs" + 0.850, — 0.435N, + 0.13NOs + 1.3H,O + 1.4H" (4.7)
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5) NOx process

Ot N.& MASHCE 2Z2LI0tS 40%CH0| OtEAtEC 2 HE

& Edz 0I182)20 50%2 %2
MAE 6D, O Fo EEHHANS ChA X2 CODIF AHIECH NOx2 =
S0l 28 M ZAsH/EEIHUMN 2L HE 28 A2 A(4.8 ~ 10)0IH,
NOxOll 2ol Fets &2 A HHEH| 28 A2 Al(4.11 ~ 13)0ICt. [H]= &
2 SIHeURY S$HAR)2 HEECC

<Conventional plant>

Nitrification  : 3NH;" + 60, — 3NOz + 6H" + 3H,0

Denitrification : 3NOs;~ + 3H" + 15[H] — 1.5N> + 9H.0 .
Sum : 3NH4" + 60, + 15[H] — 1.5N, + 3H" + 12H,0 (4.10)

<Plant with NOx supply>

Nitrification  © 3NHs" + 302 — Nz + NOz + 4H" + 4H.0 (4.11)
Denitrification : NOz  + H" + 3[H] — 0.5N; + 2H,0 (4.12)
Sum © 3NH4" + 30, + 2[H] — 15N, + 3H" + 6H.0  (4.13)

NOx(NO/NO2)E &Z2LIoH &3t OIMEe €&

trace amount (NH4/NO2, 1000:1 ~ 5000:1)& &
X

Dﬂl_@

S22 0pJIsts X0l D,
00| &b CF,

[H]2 50%Jt &Xt=S M (A 4.11)2) OFEAS0A MSECH Metd, 0 SE<
At AHlE 4EE

FOl 2ZEAEICHA! 4112 13).
=]
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(1) Partial nitrification

NH + + =
¥ Partial NH,/NO,
(100) nitrification (50/50)

(2) Partial nitrification (SHARON)

NH,* Partial nitrification N>
(100) + Denitrification (100}

(3) Anammox

NH,*/NO,~ NxNO5~
EE— Anammox
(5Q/50) (90/10)
(4) Canon
NH,* NH*/NO, ~
——* Canon -
(100) (9 10)

(5) NOx—process

NH,*/NO," (@) NH;*/NO,~ N,
» NOx—process Denitrification EE—
(1000/1%) (60/40) (100)

Fig. 3. Flux diagrams of the partial nitrification (1), SHARON (2), Anammox
(3), Canon (4), and NOx—process (5). N-compound in %(values idealized;
they may vary depending on process parameter), (g) gaseous NO:
(nitrogen dioxide).

*x|n the presence of oxygen the supplemented NO. acts as regulatory
signal (not as a substrate), inducing the denitrification activity of the

aerobic ammonia oxidizers).
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Table 2. Variables of affecting to the biofilm.
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- Membrang Mp b
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Bioreactor effiuent
e Bioreactor
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(a) cross flow type (b) submerged type

Fig. 5. Schematic of membrane bio-reactors.
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Table 5. References for wastewater treatment by immobilized microorganisms

Meterials and method

Microorganisms

Exper imental abstract

Agar, Polyacrylamide,
Carrageenan,
Agar and Polyacrylamide

Alcal igenes sp.

Alcal igenes sp.

Carrageenan . .
Bacillus firmus sp. ZE.
DESEZ st A
Carrageenan Scenedesmus quadr icauda
QIO (BHA Q)

Agar, Polyacrylamide,
Carrageenan, Na—alginate

Activated sludge

Carrageenan

Nitrobacter agilis

Carrageenan,
Na-alginate,
Photo—crosslinked resin
(ENTG-3800)

Alcal igenes sp.

Nitrosomonas europea

Carrageenan, o
o — MRIO 2% FRlAE Aoz
Na—alginate, denitrificans N
. . EAHA
Photo-crosslinked resin
Carrageenan Chlorella sp. b del | QIAFHIA
Pseudomonas
Na—alginate o E§E XA HE
denitrificans
Ca—alginate Methanosarcina barkeri | D&SIHISH 28t HIE &S,
Nitrobacter agilis NO., NO; Ol OIXl= pH, 2%,
Ca—alginate HEIAD|, Mo "ets

ZE(DHEE2 T0CZ2 EOt)

To be continued

_32_




Meterials and method Microorganisms Exper imental abstract
DHSIHIES EHt
Agar, Acrylamide Activated sludge S H =2 HASH20 2 st
H3JIsH UolA SE.
) nitrificans, Mg, @E 72 NES
Acrylamide e ~
denitrificans ojgt EAMA HE.
D& DIME9 J|& £y,
Polyacrylic sodium Anaerobic bacteria JIEBtESE 0 SJ1dX el
HM=2H0l CHollAd Z2E.
Polyacrylamide Citrobacter sp. He=s F0 Utk HE.
Polyacrylamide—hydrazid Pseudomonas sp. He==ol&80 CHol M 2&E.
DEGERAN &45t2=9
PVA Activated sludge ASXel o 2st d3dls
HE
HesgdH =2 HA5X2l 0l
PVA Phenol degrading bacteria | 2|8t DA H= S22
H3lls HE.

. ) L NNz 24, 20 &&
Photo-crosslinked resin denitrificans S0 N 2
Photo-crosslinked resin nitrificans e 22LI0F H=2 EAEH

OlM2 D& £H 9
Polyelectrolyte complex Nitrosomonas europea AT OtEAMY K0
oA ZHE.
Polvel | | o d ¢ DTS M=o €A £ 9
olyelectrolyte complex aracoccus denitrificans _ }
Y yte com S0 LN 2E.
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Aldgty 4 =
1. &S OIS
1) ME8Z
b 2=
2 A ARt mxs 2 29| EY0AM =228t Pseudomonas
aeruginosa AE-1-30ICt. 0] @2 1.0% glucose? 0.5% glucoseE HHAIN &
st ZAHAUM 25 0.1% NHiNOzE 2&a6| M JisdlH, 22 42 =0[7]
5 IRl Cu®', Sn®, Zn**Z EHIIE22M 0.3% NHMNO;E HH JHsEICE
st 8 @2 heterotrophy0l X2 0|4 &L 2 KII12 ZAHUWHAM NHs & NO;E
MAE 2= ULCH
¢ stue|

CtE #F== Klebsiella pneumoniaeE M 0|
Ol 4 mag/meé 2 NHsNOs= 48 Al2F OO HIHE %

9)\
Lt) &bl Xl

= B0 AtES 2oHbi XIS

Eps

o
ju—

Table 61 220, FeCly6H02t
NHiNOz= E€&2 XMt autoclaveZ &z(121°C, 15min)&t
71)

= AMEStAT
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Table 6. Composition of medium for the growth of

and K. pneumoniae

P. aeruginosa AE-1-3

Components Concentration Remarks
Glucose 30 g/t Carbon Source
NHsNO3 1 g/t Nitrogen Source
NaHPO412H.0 15 9/4
Phosphorus Source
KH2PO4 3 g/t
NaCl 0.5 g/t
MgSQ47H20 0.2 g/t )
Minerals
FeCl36H20 27.03 mg/¢
NasMoO42H-0 2 mg/4
CH @32 i
Table 62 HHXIO Agarl.5%= &Jlotd °t& DHMBHXION P. aeruginosa
AE-1-832t K. pneumoniae?2 &S0t otF0|A& BHAGIACH BHLE Z#2 10
miS] HAHHXI O & =60 12A12tS0F IS & CHAl AHE2 10 ml XA K
Of 8 BHH 1%E &SotH 12A12F SOt HHYotACH. DA SHH AFZEoHD| fIst
BIZES 500 me &r=2E2tA30N 150 mL2 BIXIE €3 P. geruginosa AE-1-3
?t K. pneumoniae & HHZMH 1%E ESEGIH 30CUHA 140rpme = X EH
gt & 2AA=2eD|(ste s 2 A 22l(3000rpm, 152)0t & 2ot
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D3 M== PEG-1000(Shin-Nakamura Chemical,
wakayama)Ol04, Jt W M= N,N'-methylene—bis—acrylamide(Wako Pure
Chemicals, osaka)0l2, Z& A= N,N,N',N'-tetramethylethlene-diamine
(Tokyo Kansai Co.)0l12, JHAIMI= potassium persulfate(Kanto Chemical Co.)
OICt. Ol D& MEes dANEAC L2Iat L= Itet)IHE0 2SI =0tA

o 9)

ZJILE W BHOll CHol A

I
L
no o0z
_O'ﬂ
a

Shumino S%9| g

5%, S M= 0.25%2 Hl2z Z&otd, 0 =20
25 T)8t P. aeruginosa AE-1-32t K. pneumoniae
= SHEW 10%= EEE £ MAIM 0.25%= €0 ZUO0IEN AMEES=Z €1

S ENG)|
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PEG 9 %

\[2
Crosslinker 0.5 %

\[2
Promotor 0.25 %

J

P. aeruginosa AE—1-3 or

K. pneumoniae 10 %
U
Initiator 0.25 %
J 10 min x|
Cutting (3 mm)
U
Washing
U

3t

H>

Fig. 7. Procedure for immobilization of P. aeruginosa AE—-1-3 and

K. pneumoniae
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—

%4,500° 1vm WD39

Fig. 9. Scanning electron micrograph before (A) and after (B)
immobilized on PEG 60 days.
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1. Air pump 2. Power supply
3. Diffuser 4. Reactor

Fig. 10. Schematic diagram of the experimental apparatus for batch

reactor.
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1. Air pump 2. Effluent 3. Diffuser

4. immobilized bead reactor 5. Feed pump 6. Influent

Fig. 11. Schematic diagram of the experimental apparatus for

continuous system.
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@® 1DES K pneumoniaell EZX =0 IE NO3-NHIH
= A0 DS HEE BSE &2 10~50%IF HEE F=¢
= NaNOsE AlZa6tH NOs-N 50 mg/L0l ZI&== GIUC.

=
C/NHI= 100112, BtEX0 SI1E€ F=LolK SIIHCZ AEHE ot AL.

A2 324 BESI0 JEE HEE 20%E SAGHASH, NOs-NsE= 50

5~1001 EI&=E XZEoIUH BHESX0l 2I15 ot

® 1DAS K pneumoniae®l Z=J| NOz-N sZ 0l 2 NOz-NAMIAH
AE2 3N BSEU 33 BIEZE 20% SR 2H, NOs-Nsk=

25~200 mg/L0l) C/NHI= 100ICH BtEX0l S8 LSt IJ|1H2Z &

@ 1DA3Z K. pneumoniael AN TE NOs—NHIA
A2 E2A BISE0 DAES HIEE 20%E SAGI2H, NOs-NsE= 50

mg/£0lD C/NHI= 100|C}t. EtARO 2= glucose? acetate & methanolS Al
[w]

® 1DA3Z K pneumoniael =0 E NOz-NAHIAH
AEE2 A BISE0 DAEG HIEE 20%E SAGI2H, NOs-NsE= 50
0 0 . =25= 10 20T, 30C=Z ol esx0ol 2D

C,
S 510l BIIHOR MBS SHBIUC
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A3 P. aeruginosa AE-1-321 1NAS HIEAIJINH WME
NHs=N &£ NOs—NAHIAH

DE3 HEEZ 2mm,3mm 2 5mmel AJIZ MZESHH 3l24Al Bt2X0| =25t
HOM NHs~N & NO3-N s&= 2+2f 50 mg/L0ICt. C/NHl= 100|CH BrES=x
of D8s HEE €2 = SJ|d At &= BII1E =oAL

@ 1DASt P. ageruginosa AE-1-32 FZX S0 M2 NHs-N &

NOs-NX|H
A2 324 SR NFS HIES YL 259 10~50%)t HES =
StASM NHe-N & NOs-N sE& 202t 50 mg/£0122 C/NHI= 100ICH

@ 2DA3Zt P aeruginosa AE-1-3°2 C/NHI0 @2 NHs-N &
NOs—NXMIH
AEE2 2N BESEN DS HEE Bt2Xx EF9 20%JF HEE =5t
N

s&&= 22 50 mg/L012 C/NHl= 2.5~1001 &%

M@

BISX0 &S HIEE €2 = S0|ld &t =5 I =oAL

@ 1DASt P. ageruginosa AE-1-3°9] EFAR0N M2 NHs-N &
NOs—-NHIAH

bl
|0

Al 22O 20%Jt TE=2 =
OSMH NHs=N & NO3-N s&&= 22 50 mg/£0l12 C/NHl= 100ICH. EtARKS
= glucose®t acetate & methanol2 AIE6HSILCH.

l:ll_l-

SX0 D& HEE €2 = 20|14 &It J=S SII1E =oAL
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83t P. aeruginosa AE-1-32 pHOl & NHs—N % NOs—N
Xl H

2 d=a HSI0 2ES HIEE g¢sSXx 882 20%t HEE FYoHA
=
—

Hi-N 2 NOs-N s&&= 228 50 mg/£0l2 C/NHl= 100104 pH

@® DASt P. aeruginosa AE-1-321 20 M2 NHs-N &
NOs—NXMIH
AEE2 2N BIESEN DS HEE BtgX EF9 20%)F TIEE F2oHY

=
S0 NHs~N & NOs-N s&&= 212 50 mg/L0l) C/NHl= 10010 &&= 1
0C, 20C, 30COIA ==25tALH.
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Table 62 BHXIE AN 1.5% AgarE &IIotO BHE L HIBHXIOff
Pseudomonas aeruginosa &= &30t otF0[& BHLECH S B HAHZE,
2= Pseudomonas aeruginosa @S 10 mi BABHXIO ZSotH 12A12H B
(30T, 140rpm)StCH Al B A= CHAl 22 10 mi HABHXIOf & BHSF
H {%Z HZE5tD 12A12F HHYLEICH & S0 D
Pseudomonas aeruginosalt C/NHI 5 Ol&2 @ NHs~N2t NO3=NII S Al HAH
= Z0l Met, Table 621 HIXIA A0l C/NBI 50t ©I&= BHE HHXIE
500 m¢ &=2=ZctA3A0 150 me €2 =, Pseudomonas aeruginosa & HH 2K
1%E &30t 30C, 140rpm2=2 XME UHLGHAUCH OIS SHZ A 24A12¢
, A4 221(15min, 8000rpm)ot0 SEMES Heln &2 0

aal

]
e
010
A
ol

= 5, =
8t Ot3g +=XZ HXH& BtESXE= IJt2 183 cm, MZ 18 cm, =01 24 cmZ
SER0| 5 40 HSHHOICH BRI REHUAS 242t 0.02 m’Z P2X
LHol 2222 &XIot S0t grEx WRE =Jld dtiE |X6h #
Ot BtEX SR IR ADJ[2S EXIGHIASH, R4atL =24 Al st
== Fot WEDIE AXGtAL. gdot== FFELZE AMEOIH ZFst
FEOZ HEHOZ IS0t
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1 :::: :::: storage
ik tank
S [
Influent e o
storage S
tank | e%? N
L o a 1. Nonwowen fabric filter
51— > 2 Pump
3, mixer

Fig. 13. Schematic diagram of the experimental system.

= 82 Fig. 132 EXE 2478 & 2 EAR9 XA HEZ &
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(3.47 me/min)22 A= FSIACH FHot+2 C/NHI= 50104 NH-N2t
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AMNEE 4ot+=2 E4Z Table 7
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O SAMANHIL Jisdttte A2 20
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Table 7. Composition of synthetic wastewater.

Components Concentration
Glucose 1.25 g/ (NHsNOs & )
0.625 g/£ (NaNOs, NH.Cl & [H)
NH4NO3 0.286 g/t
NaNOs 0.3 g/t
NH4ClI 0.19 g/4
NaHCOs 0.234 g/1
KH2PO4 0.02 g/4
CaCly+2H.0 0.01 g/4
FeClz6H20 0.38 mg/¢
MgSQO47H.0 0.05 g/4
NaCl 4.7 mg/t
Na,MoO42H,0 2 mg/d
= AE2 Table 80 LIEIH ASEZXTAH GHHIA BISEE 2HOIULCH A=
AKX P. aeruginosas 288t 21t P. aeruginosa =< e EAMA St
£ HlWwotAd, 2k BrSE0 NHaNOs, NaNOs ¥ NH4Cl 3JtXIel HARE ALE
Ot ZARN ME RII2W EAMAHAET JESIJA2H SI| - 4oL 240
[HE &EHHS S& ZESHRUL
gdsdil= ot==HM2E2 EtSs2AE AMEot¥ L, EAMIA  =HHiel ot
Pseudomonas aeruginosa= olZTl= BFSIO0 1 42 =25HUCH BHESX |

~ Ve 3J| ZA0AM 2HGALH S04 &EHE = XI6H|

30
T
A
rir
I
k]
ol
=)
o
0>
i
o
o
3
3
[0¢]
o
o
=
e}
=
ro
o
i
Jz
ol
52
o
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Table 8. Operation conditions.
Reaction tank I Il \% \

a:rf]%?(}g / aerobic | aerobic aerobic aerobic 22?;;;
NIFOGeN | NHNOs | NHiNOs | NHiCl | NHCl | NHaNO;
a8c|tui\égt§d used unused used unused unused

P. aeruginosa | used used used used used
HRT 24hr 24hr 24hr 24hr 24~6hr

T-N (mg/4) 100 100 50 50 100
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Table 9. Analytical methods and parameters.

HEFLH

A

ltems Analytical methods
pH pH meter, TOA HM-14P
DO DO meter, TOA DO-14P
CODwn KMnOy titration method
MLSS Filtration—Evaporation method
MLVSS Filtration—Evaporation method
T-N UV Spectrophotometric method
NHs=N Indophenol method
NO2—-N Diazoha method
NO3z—-N UV Spectrophotometric method
SEM Japan, JEOL, JSM 840-A
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1) SUE0 HE NO,~NHIAH

Fig. 142 K

~NHIH i3 5 o 50 mg/LolDi ErS =

EX2 500 me0lL, DA HIS S Ye 10~50%0I1Ch C/NHIE= 10
on
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2HHH, &3 STE0l EE+F NOs-NOI tEH MHEH=E Ze
0l USM 0F AlZHOIA NOs-NE S8 Y 50%2 M 9.0 mg/L, 30%L M 14
mga/l, 20%2 [ 18 mag/L, 10%L M 21 mg/L2 NOs-NHHUH UM Cta Xt
Ol UEIRSLE B2 48AI2M0l= S&E 30%LE 50%0A 22t 6.2 mg/e1t
6.4 mg/i= EX0IJF LKl LUK L8 10%LE 20%E S&EH Z20 % 11.2
mg/£2k 11.4 mg/LE HIRE NOs-NMHE 20l ULt

033 HE S0 Tk 8laot NOs-NMIAHE0l SItotkl EpALU S8

o
T

20| RS4Z2 30%2 50%Y O NOs—NOI #2H MAEAD, E& NOs-N
HET =QUCH 0/A2 DI HIE STA0| S22 ZAHB0 2I G2
2oz A2EC

o sP2 DG BHSAHNE AESIH 46t =9 EAZ MAHE © 2
M3l HIE FU20| LS22= NH,-NIF H2H HHES UEIHHE A2m, &
SWg St OI3YOIDISE R DNGIE DMESS A28 PVAHZIES ¢
A PVAMZIES BH2D10) =28 DEE HIS20 HI2GHKE LUt =
20| S22 H2lsS80l =22 208HE QL J2iU BISXE ol HIE =
LS 30%LE 50%2 SIS ATHAE AEZ0l UCGHH ARLES2 0|29
ABIUAE HIE SRES 20%2 ot 3124 ASS 28150
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Fig. 14. Effect of amount of immobilized bead on the removal of NOs—N
by immobilized K. pneumoniae at a C:N ratio of 10:1 and aerobic

condition.
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2) C/NHIOI T+ NO,~-NHIA

Fig. 156= &3t K. pneumoniaeE A+Z3t0M C/NHIOI WHE NOs—NHIH H3t
LIEFH Zd0ICH C/NHl= 2.50lA 2001 SI& = &46ts =2 glucoseXS
EGIAULCE =I|l NO;-Ns&= 50 mg/Lo0lH DES HIE SAES2 20%0[1
SI|H¥og BtSolLh

C/NHI 250l NOs-N& BrS 48A12 & O 38.0 mg/t (HNAHE 27.8%)IHXl
OF MAEALD, C/NHI 50M= 25.7 mg/e (HHE 52.6%), C/NHI 100A=
5.8 mg/4 (HHE 88.8%), C/NHI 200lM= 0.4 mg/L (HIHE 99.2%)Z, C/N
IOt 225 NOs-NHMAHE0l =UL

2 g DES ALE8t K. pneumoniae= NH,NOsz= &3 HAGH| <
oHA C/NHIDI ZR6tH 4 mg/L2l NH,NOsE 48AI2teH0l 2#&3| HAHSH=d
100 mg/£2l glucosedt ZQs2 2NaHHE ACH". 2™ AA|
K. pneumoniaeS A+E3t0 C/NHI 2.50A 34.30X ZEGIH SII1E2=Z &4
ot== =2 NOs—NE HMIHGHI| <Ist A&l C/NEl 2.5~100tKI= NOs-NHIAH
Al lag timeOl Hl==&tXI2F C/NHl 201 300lA = lag timeOl 20 X= Z&S
SRA2M C/NBI 252 R0 = BtS 24A12HM EAR 2F22 41.3%2 Xl
HEE2 UEIR 22U C/NHI 5~34.30 M= 2F 98%0|a2l HHEE LIEFH bt
ULH.

FH ]

Q1

Olet &0l &3} ot E2 K pneumoniaeE A&

BHOI(C/NHI 2.5 M 2l) 350 mg/£2l NOs-NE M AU DA 3

K. pneumoniaeE A28t B20= C/NHI 20042t NOs-N 50 mg/LE &3l
HAHSIA 20 C/NHI 100lAd= 86.4%2F MO &AL
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Fig. 15. Effect of C/N ratios on the removal of NOs—N by immobilized

K. pneumoniae at aerobic condition.
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3) EEAJ0 THE NO,~-NA A
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Fig. 16. Effect of different carbon sources on the removal of NOs—N
by immobilized K. pneumoniae at a C:N ratio of 10:1 and

aerobic condition.
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4) =J| NOs-N=<Z0l & NO,~NAHA

Fig. 170l 2383t K pneumoniaeE Ar26t0 =J| NOs-N=Z0fl 2 NOsz-N
Mo 83tE LIEFURUACH C/NBI= 10 0l0d, D& HIE SAA2 20%0ICH =D
NOs—NSEE 24.6~180.8mg/£0I|Ct.

Jl NOs-N=& 24.6 mg/Lel B B3 6AI2F & [ 10.5 mg/4MtRl HIA
Lt OIF 48AI12F DXl U2 |AEJCH, =I)IsS 46.0mg/Lel 320
2AI2E & [ 9.3 mg/4MtAl MIAHE = Ot=IERIZ BHS 48AI12E0HK] ©
Ch. =JI=% 102.6 mg/Le! BR0= 18AI2+2 M 17.6 mg/4MtXl X
HEU2M 180.8 mg/L2!l B0 = 30AI2E & [ 13.9 mg/LItXl HAE = 2

n
w50 B
o g 1°

on i
o
R

Ol2t &0l DS K pneumoniaeE MEDIUS I = AES =& Y0l

180.8 mg/L0IAM  NOs—NIt 93.1%&E & MAHES & == UALH
stm, 2 £2 DHSIGIK %2 K pneumoniaes AE8HH I B4 =0
2 NOs-N HH AZUAM NOs—N 700 mg/LDtKIE 15A12t2H0 HAHE= RS
208 gt RUCH OI™ME K pneumoniaeE 1DESIoHA 21 AEote ER0= 1
=SS (NOs-N, 700 mg/£)2 NOs-N& 15A12F 2Hl MID1 JisotXigt 2 @8 1038
2t ot = dR0= NOs-N =% 180.8 mg/ﬂ Q& MAEI=0 30AI2401 2R
ULCH 0IAN2 ZHICIOLE DHsoHH DESH HEWRZ JIE Y AL =Hab &0l
I &0l D& K. pneumoniaedt DB SIGHA 22 ZREC0 NOs-NHAH &2
0l Molels 2102 A=ECt 2 S ZASM X0 DR SHz24X 0
oIt Hiz 2o HFUA free 2SN D& 85X 20 JIE2L AL
B8 gt QUCH L8k 0l df

BHeb M0l HI| 20l Hs 2o #itE X2

OIEHE AtEdt Lineweaver—Burk plot2 &AGIR 2 0| plotLZ 2 H
Michaelis-Menten &= (BtE5E& <) Kml O BISEE V. 2 78 & UCL
(Fig.18) A3 K. pneumoniae MNS5IUES Mo BtEEE4 K, gt2  1.633

mg/L0IQUCH BtE, 21 S NG 51K L2 K. pneumoniae & AME8HH K

2#HS 78 2 K t2 0.925 mg/L 2 = Ao Zutet Hiwol = M DS ot
RFSMe K20l =8 & = UL HII0A K, zt2 JcH S22 JIE2te st
StElstE ol 2HE LIEHHE X2E2M K, 8t0l =5 &2 A0 012 &0l
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oME DI SoEM K, 20l Bistol=s A2 LESH HIEWMAMS J1& = M
A=29 A0l SSEADE ZDI 20 2801 K, 201 SlE=E HeZ2 M2 &
= ACH 2 Aol At 20| DF¥st 2Ot D&t otk 22 2MEC0 K, 8t
0l 2 A= D8s HIEWHZ JIEE HE0l HA J1EA st &g~ 0l &I M
201 2102 AIZ=IC}.
200
A\ — e — 25(mg/L)
'~\ ........ [© TR 50 (mg/L)
.. _—— —_— 100 /L
N X 200 EQS/L;
150 - N
=) “
§, 100 4 \'«
4 \V \A
Time (hr)
Fig. 17. Effect of initial NOs—N concentration on the removal of NOs—N by

immobilized Klebsiella pneumoniae at a C:N ratio of 10:1 and

aerobic condition.
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18. Lineweaver—Burk plots for immobilized K. pneumoniae.
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5) 220 T2 NO,-NXI
Fig.19 Ol= 183 K pneumoniaeE ArE3tH 2% 0 HE NOs-NHH H3g
E LIEIWHRULCH 2= 10T, 20C, 32TCO0|04, C/NHI= 10, &3t HlE9 =&

2 20%0ICt BFS2& 32TQ ZFS B2 12A12t8H0 NOs-NJt 2.41 mg/Lnt

_

A HHENH 95.1%2 HASS ERCH, BES2% 20CUH A= B2 12A12HM
11.3 mg/L(76.8%2 MAHE)MX HHLJAD, BIS2E 10T F=R0= Bt

24A2F & M 16.9 mg/L(65.3%2 HMHS)IMX MALH BISREI =2+5
NOs-NHHS &0l =A42 =20 OtLiet 22 10CHME 65.3%2 HMAHSES
LHEFLH RACE.

2 Ago IS ArE8H K pneumoniae= &ci 30TCOHA BHLOHZE A2
EM 30COHAM NOs-NMIHEZ0l JtE =/A2LE 10TCOIotA= NOs-NMIHE
20| 50%0!|3t AL,

ol
ol
=
bl
@
o
O
é
x

e ol

S =501 YZaHOF BIUKY TBDHS HICTUO MAGHS D42 B &

b SAZRIL MS00 20/S DIMS0 B ZHats 2542 20 U
_E_ C 2

S
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Fig. 19. Effect of different temperatures on the removal of NO3—N by
immobilized K. pneumoniae at a C:N ratio of 10:1 and aerobic

condition.
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6) C/NHIOI HE NOs—-NHMIH (P& =)

Fig. 200l &St K pneumoniaeS A0t S4HA XA A C/NBIOI o
2 HAHA HatE UEHUHACH =I| NOs-NsT= 50 mg/L0I104, DA3SH HIE
=SS 20%0112, C/NHl= 2.5~200]LC}.

DESH K. pneumoniaeE MEGIH S4tA ZA0M BHSoIUE I 2 &8
C/NHl E£24Q21 2 5~200l A NOs—N&= 12A12+2H01 2% HAE/JULCE Fig. 15 <
A8 = 1NE3 K pneumoniaeg MESIH IIIHZ BISoIYSMH= C/NUI
b 225 NOs-NHMAHEOl =U20H =3l C/NHl 2.50M= 27.
A0 C/NHl 5UHME 52.5%08F HAZA[2LE 2 DS HI2I0tE

@]

oA TA
OlA st A<0= C/NHl 2.50 M= 12A12+2H0 MIHAEIJACH Oletz0l D&
2t K. pneumoniaeE A+EGSIH NO3-NE HMAHGH| oM E SIIE2Z BHE6H
= A Ele P4L Z2HUM BISote R0l £ C/NHIWAME S8HdsS ¢
= UAUCH

= It =Q HAHULSS Eétg - EH0ILHL H HHle &
N ZAoSE SEH BHHI2I0F NHE NO;Z2 ZAHeshD

CHHN M= R4t Z2AGHHA 22 2HI2I0NE NOsE N,2 EESAIIIH =30
N ol1Eez LEECCH 220l= Thiosphaera pantotrophalt 28 & 4=
X T2AHIANA NOs-N2l SJI1H g&g 208t db ALY Tsai & Lee”'=
Acinetobater Johnsoii/Genospecies 72 AN&3tH SI|8C=z Z&HES ATst
Ht J20 0IXE =HHIel0te nitrate reductase activitydt SUHEAI 2l =
2 215donM, Kao®z =& YHEZI0NE SIIH  EASHMA  nitrate
reductaseE &HSHCHD 208 HF QUCH &HEH HEH SR gHelote SII1H

A

MEZ A2 M nitrate reductase

all
T
=

stH O BFQ stain2 IJI1E THEBEO HIIEH ZHOHAM nitrate
LIEFH 2O 01232 enzyme activitydt E&E 4
St Hb UCH e = A2 DHS ALS
st K. pneumoniae= ZI|H THUAN 228 2e2M SIIE ZAHUAM
NHs 28 NO;E SAI0 MOHE &0k otLliel EJ1& Z2A48tUHAMSE NOs—NIH KA

X
Gl Ho2 2ARZCH WMmekN K pneumoniaegs 1D O SabA ZH0A
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Fig. 20. Effect of C/N ratios on the removal of NOs—N by immobilized

K. pneumoniae at anoxic condition.
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7) EPAR0 IHE NOs-NHIAH(RAA X2H)
Fig. 21 Ol= Q&3 K pneumoniaeE AME0HH ot T4 BIUHAM EA
20 [HE NOs—N2 HMHHSIE LIEHHACE. DS HIE S
C/NHl= 10 0l E&HARSOZ = glucose, acetate & methanol2
Fig.210lM2 20l 3BR2 [HE EHARRE MESIHE DE3F K pneumoniaes
AL ZHUA BHGHH RF 12A1200H0 HIHES

AN
pneumoniaeE ZI|E2Z HILE ZR20= methanol2 EHAJ2Z 0|SoHAl

mo Mo
fo
no
o
P
o
2

ROIA2 U RUATHOZ HBHLGHH methanols EFARSZ 0/&0l JHsSoHH
SO HHEELE A ZAHUHAM HiZol=s 20| HHEd & Heg Al=ZE
getdoz g2AHg 28 =30M(EAR)EN S ot - Ha 52 RIISS
AESHRICH RII201 Y Z=20l= 22 B30l A0 2ol HAHZI| HE

Cm=2.47N, +1.53N, + 0.87D,

OO10Il A,
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Fig. 21. Effect of different carbon sources on the removal of NOs—N by
immobilized K. pneumoniae at a C:N ratio of 10:1 and anoxic

condition.
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d2 BS 6AIZI2H0 HQ MAHEO 0.264 mg/t & A0, (98,9%HAH),
ZI|l NOs-N=s< 46.0 mg/Le!l Z=0= 8-E 12A12F8H0l 0.15 ma/4MtXl HIAH
(99.7% M H)EIAUCEH. E£8F =I| NOs-N=sT 102.6 mg/L2l 20 = 18AI2F CHOfl
0.78 Ma/4MAl MAH(99.2%HMH) AL, =I| NOs-N== 180.8 mg/L2! H=X0
= 48AI2F2H0 1.5 mg/eItRl M (99.2% K H) =l ALCE.

D3 K pneumoniaeE MESIH I AHNA BIYES 2L (Fig. 1
ot HIWHEH =IJ| NOs-N =5 100 mg/Lltkl= et ZAHUA BHFSH A
Ol 12A12F2H0 MIHEA2LE =I1 NOs-N =% 180.8 mg/Le! B=0= 2
R 20 SO18E tigoteE 20l NOs-N HIHE0l O =QUCH.

b
0>
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9) DAt K. pneumoniae Ol 28 H= NOs—N KA
Fig. 232 1D &S K pneumoniaeg AE38IH HEZHO=Z 2EGIFS M2 NO
s~ NHHBSIE LIEIH 230ICH
H2A¥2 NaNO;0IH =&+ sE= NO;,-N2ZM 50 mg/£0ICt. C/NHI= 10

0122 =DJ| HRT(hydraulic retention time : £=c|lst& HIFAIZH= 24A12H0|CF.
HRT 24A12¢2 [ |22 NO;,-N= 5 mg/{ OIGtZ HMelZUeH A 2

i

Al

N

402 XIS B2 NO4,—N2 HHEZ 96.5%0I%ALH &8 402 2H HRTE
o2 HEJUSOH HRTZ A0 etk 43230 |R== NO,-Ns=Z=IJH 10 mg/4

AT

S2NA Botote B2 EJA2L 01F X ZA0HH AHEEZ22 NO,—-NIt
MAZIACH HRT 12A12H2 T NO;-No 2 MIHEE 98.4%0IULH.

HRT 24A12t2 [ 2 12A12+2 [ NO,-N2 2ot= 22 0.05 kg—-NO, -N/m?
-d 2 0.1 kgNO,-N/m? - d OIC}.

0I2t 20l K. pneumoniaeE 1SS SIIHAEINAM HelotHetE HRT
12A12H0IA - H o2 NO,-NIE HHEE & &+ UULCH

Z3totd C/NHI

st 3« 1.17

kesseru S92 Pseudomonas butanovora2 Na-alginated|
BOIA EtARSZ succinic acidE AtEot0H NO,-No EZE

m kK

kg-NO,-N/m?* - do| €& =2358s
NE gixoz £20| IS8 B8 H QUCH

= A80lAE HRTE 12A12F Ot

M&E €20| Jtsotes 2
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Fig. 23. Variation of effluent NOs3—N on continuous experiment by
immobilized K. pneumoniae at 24hrs of HRT and NaNOs; used

as a nitrogen source at a C:N ratio of 10:1.
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2. 1DH3} P, aeruginosa AE-1-3€ 0|8t &AHA

.

1) DE3S P. geruginosa AE-1-3 ZHIs==0 2 NHs—N2
NOs—N MIHE St

Fig. 242 250l= &3t MZAl P aeruginosa AE-1-32M=T0 OE
NHs~N2b NOs-N HMIHHESIE UEHHRUCH. E&Gt+=52 2ARE2 NHNO,0IH
C/NHl= 1022 Z&EGIJU LD DE3 MEA X &2 2~10 gO0l
P. aeruginosa AE-1-3ZX 8 g2 AMEot0d 1DAS & &ZL 50 mg/Lo
NHs=NE HMAHSt=0 & 12A12F 3% 22U DFSIAl 4 g2 ZME AMEs&t
Z20= 12A2H0M 6.75 mg/4MtRIS MIAHE = 0lF X HAZH &8 48
A2E o= 2.34 mg/eot SUACEH 2 g8 ZHE AIES B20= BHS 124
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10 g2 AIES Z=20= 12A128 & M 19.15 mg/40] HESA2OH 48AI2H
0= 75.7%SH0l HAZXl S2QUCH

E8t, K pneumoniae @M 8 g £ AEotH LD&ESSH 2L 50 mg/Lo
NOs-NE RHMIHGH=Ol 12AI4t8E ARQE/U2L, 4 gt 2
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Fig. 24. Effect of cell amounts in the immobilized beads on the
removal of NHs—N at a C:N ratio of 10:1 and aerobic

condition.
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Fig. 25. Effect of cell amounts in the immobilized beads on the
removal of NOs—N at a C:N ratio of 10:1 and aerobic

condition.
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2) D&3 P geruginosa AE-1-3 2| DA3 HIEAD|N O
NH4—=N2 NOs—-N2 HIHH 3

Il

Fig. 261t 270l= 1D&S P aeruginosa AE-1-3 2 1DAS HIEIJNH M2
NHs=N2Zt NOs—-N2o HAHBSE UEHHACH EARE NHNO,0IH C/NHlI=

[0

Ol Dds BlE IJl=s 22912 2mm, 3mm, 5mmOlCt.

21210 N¥3 HIEE AEoIRS I NHs~NE= 18AI2F2H0I 96.8%014 2] HIA
= EUCH HIEIIIN H=+E MAS0l O =gACH OHEIENEZ NOz-N
AAHIE QIO =+ NOs-NHHEOl =RUCH

g3t HlE 2mm2 3mmE AtEst B2 18AIZHEH 212 NOs-NKIHE 98%
ot 97.5%= LIEFH2LE, 5bmmel D&t d = 92.1%E LIEUHRAULCEH

n
1o
ox
10
2

N =%2 SON 22S DAS6I0 DS HE B2 =Y 1.8, 2.3, 2.7mm
3JI2 S0 EIQAIS 2iisas HES 20 DS HE P ZASx=
SHAIRI0 RSS2 B0 HE YOM. Bettman S%'% Hs =2d=S

Polycrylamide—-hydrazid0Ofl D&SIGIH DNAHSHHIE AJH 2 H= 242

ol

ZAteE 20 0.1%2 H== 2ofiot=0 UM 2HE 1.5mmel BIE2AE S 244

2HOHOl 2ol &l =0 Hlol 1.5mmel HIZE AtEst <R0l= 12A12tEH0 =0l =

Of DE3 HIE MNP0l 2S4S ®we| SHYS 22 6HUCH 019 20l DH 3
HE ZF0l 242 2aAl20l WeExe FE S0 522 st F3
SHOl OIS HHFB 2 HIS A0l HSAS SASEI SIGIAUCH 01

I\/Iatinsent)E HEZ D glycineC 22 E L-serine MAE0 QU0 Al

XE0| 22 L-serine MAE0| Sotot=0 0 ST JE D AASHA
Jlolst 2oz BNRUCH 2 AEME DES HE A0 S22 NHs-N
NOs—N MHEOl =2 A2 1NES WHEZ st JIZ 40 J16te He=z
==

delt 2 g1 0A= 3mmolotel DESH HIEE 2HE=0 S0l AN 0l=

=0
of AElM= B2 371 3mme &3 HIES ALESHRULCE.
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26. Effect of bead size on the removal of NHs—N by immobilized
P. aeruginosa AE-1-3 at a C:N ratio of 10:1 and aerobic

condition.
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Effect of bead size on the removal of NO3—N by immobilized

P. aeruginosa AE—1-3 at a C:N ratio of 10:1 and aerobic

condition.
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3) VA3t P. aeruginosa AE-1-32] XS0 M2 NHs-N2
NOz—-N2| HIHH 3}

Fig. 281t 290l &St P. aeruginosa AE-1-32] Z& S0 WHE NH,~Nt
NOs-N2  HMHESE UEWHATH EAF 2 NHNO,0IH, =I|I NHsi~Nt
NOs-Ns &&= 2r2H 50 mg/40ICt. C/NHI= 100] &I&F £& dIA2H 2 B3

0 DS HEE BSEX2 10~50%It S &= FotRULE.
DE3 HE S&E 20%, 30%, 50% 1 NH,-N= = 12A12H8H0 A
2 & H, 12A12t2 JI&ELZ & I 229 NHs-NAHE=2 2

0
6.8%, 99.4% X 99.4%%ULt.
DA HIE SXE0l 10%2 Moll= 18AIZHM 7.03 mg/L(85.94%2] HMIHEZ)Nt
A HAZASLE 484128 & K= 5.2 mg/s E=2 NH,~NOI & UL
OF&OENZ2 NOs-NMAHESIE 28 DESE HE SHE 20%, 30%, 50% [H
S NOs-NHIHEZ BtS 12A12F JIEZ0A 282 96.1%, 98.7% & 99.5% /U2,
1NE3 Bl SHE 10%0HAHZ 18AI12F BH0Il 99.24%2] NOs-N MHE2 LHEHR

0|0

012 20l DH3 HIE XS0 =242 NHeNLF NOs-N2| HMHE0| 242t
=2 P2 UEHHOU SIS 20% 014018 HAHSH AWM 2 Xols AU
Ch. & S¥2 DE3 A2HXE AI26I0] 846t 9 2AE MAHE o
DAG HIE =20 S22 NH-NIF WE2H HHES UEHUHE QoH, &
S™We s& Ol3O0I0ISE ZZ DASE 0IMES AL PVAMRISS o
OA PVAMZIES BH2D10) =8t DEE HISZ0| HI2GHKE 2U2Lt =
20| USHE H2S80 =22 B8 U UCH JLE BI2X WOl HIE =
242 30%LE 50%2 KRG RAMAE LE0l UOEIH AQEHS22 0152
AMBIUAE HIE SRES 20%2 ot 3|24 ASZS 2845t
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Fig. 28. Effect of amount of immobilized bead on the removal of NHs—N at

a C:N ratio of 10:1 and aerobic condition.
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Fig. 29. Effect of amount of immobilized bead on
a C:N ratio of 10:1 and aerobic condition.
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4) DS P. aeruginosa AE-1-3& A8t C/NHIO 2
NHs—N2t NO3-N2| XIHH St

Fig. 302t 310l= &St P. aeruginosa AE-1-32 AtESHH C/NHIOI [HE
NHs=N & NOs-N2 MBS LIEHHRJUACH E@AR2 NHNO,0IH, NHi-N &
NOs-N s&= 22t 50 mg/L0ICt. D& 3F HIESASS 20%0/H C/NHle=
2.5~200|C}.

NHs=NXIH2 Z< C/NHlI 103t 200lA= 18AIZ2tCHA 99.9%0142] HAHE2
SBA2LE C/NHI 0= A& 6AIZHM 15.45 mg/£(69.1%2 HHS)IX M A
E = A48AIZINA He MAHEX Agx20, C/NHl 2.50M= A& 6AIZHM
25.4 mg/L(49.2%2 MHEZ)MX HHE = C/NHI 52 Ot&EIIXIZ A& 48AI2t
DEXL HSl MIAHEIX L UCH

NOs—-NHIHS &< C/NHI 103t 200 M= 12A12-2H0 22 99.5% 3t 99.9% 2|
HAHAE82 UEHSUL C/NHI 50M= A& 6AIZHM 11.56 mg/L(76.9%21 K
)X HAHZIRALD C/NHI 2.50M A& B6AIZHM 32.16 mg/L(35.72] HMH2)
DEXI2H HMIAZ UACEH

Olet 20l DE3 P. aeruginosa AE-1-38 AMEGIUS M C/NBI 10014 OIH
OF2F NHs~N2t NO3s-NZ SAl0 2X5] MAHE 4= UXLH C/NH| 52 2.50 A
= 35.7~76.9%H0l MHE X &AL

2V = ABN ARS8 P. aeruginosa AE-1-3Z2 ALE5HN C/NHIO 2
NHs—N2F NOs-N2| HIHE ZEst Zut C/NHI 2.50 M= NHs~NZ  NOs—NOI
22b 73%%t 76%08t MAEES =28t "b UCH &8 Fig. 152 DFES K
pneumoniae2l C/NHIO 2  NOs-N2| [MAHMAEZ C/NHlI 10014 & [
99.2%0| &2 MAHEBS EA2LE C/NHI 50lA= 52.6%50 HOHEI X 2 QUCE.
et =2 AE0M2t 201 D& P aeruginosa AE-1-38 AFE6HH NHs—N
2t NOs—-NE SAI0l &3] HMAHGH| fIcHAdE= C/NHI 100/40] 2R H2e=2
MNZEIC.
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Fig. 30. Effect of C/N ratios on the removal of NH4s~N by immobilized

P. aeruginosa AE-1-3 at a C:N ratio of 10:1 and aerobic

condition.
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Fig. 31. Effect of C/N ratios on the removal of NOs—N by immobilized
P. aeruginosa AE-1-3 at a C:N ratio of 10:1 and aerobic

condition.
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5) D&3 P. aeruginosa AE-1-32 EtARI0 2 NHs—N2t
NOs—N2| HIHH 3}

Fig. 321 330l= &S P. aeruginosa AE-1-32 EtAR0 [HE NHs;-N &
NO3—N2| HMHEEE UEIHACH DAE3F HIE XSS 20%0/0H C/NHI= 10

0l EEARSZ = glucose, acetate &€ methanol2 AIE6HSLE
NHs=N KA QO A glucoseE EtAK/AOZ A8 AL NHs.-N 50 mg/i2
o 120=

OF 18AI2FTHY 2EG| MAHLUASL methanolE EtAS
AB 48AI2F SOF MOl MIHE K LUCH AcetateE E
= 20.1 mg/eMXl RIHEO0l 2 59.9%2 MHESE 2
NOs—NHIHO UANHME glucoseE EIAROZ AZ8H B2 NHi-NHIAH 2 OF&t
JEXI2 2 18AI2t2H0 NOs-NOI 98.1%MHE AL methanolE EtARO2 At
8 ARUlE MO NOs-NIF MIAEXILUCH 2iLt acetateE BHAROZ A
Z20= NHe-N HMHAE CH2H 2 30AI2+H0 NOs-N 50 mg/L0] 2+&
5l MAHZQACH 012 20| SHARO2M glucoseES AIRAZS HOlE NH~2
NOg—NIt SAI0 HAZAUSLL methonolS EIARCR O|5HA RFUCH 1
Lt acetate2 AI23l= J20= NOs:-N MHAIN EAROR 0|RItSSEHLE
NHi-NRIHAIOE 2 50%FE 240l £35HK RES L2=UACH

01242 2%o] QM 20l DAESIGHK &%= P aeruginosa AE-1-32 At

ot0d Ol BAEU E NHs-N H NOs-NMAE ZHESH Z1 methanol &

N
2 ABE HL
o e

E AEE

=
S
=
S

ro

SAIoHAl UL acetate
1L U= glucoseE ALEoIUZS Ml < Bt <Ol
3 QULCH [etMd 2 Ao ZUUM XE acetateE
22 0IEAl NHs~NIt & 60%&
A2 A Us A2 A= E

StH 1NAHSG K pneumoniaeE AtEet AE W AMEZ NOs—-NHHAlI glucoselt Et
E [e]

0

cC g
T

m
H B oy

SOl MAZKX @E= HA2 =H 20t

0z

-

ARCZ 0180 Jts8t H2=Z (Fig. 16) = M LBEZ St=0lM EARMA
Al E$HAECZ methanolS AMEGSts 3<It EX2 S& 2HICIOHE AFSotN
ZAE NMHE Hol= 2 ZHI2ION 22 S$#AJSE ZAL ZEE 2RI /US
Aez MzEC
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Fig. 32. Effect of different carbon sources on the removal of NHs—N

by immobilized P. aeruginosa AE-1-3 at a C:N ratio of 10:1

and aerobic condition.
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Fig. 33. Effect of different carbon sources on the removal of NOs—N

by immobilized P. aeruginosa AE-1-3 at a C:N ratio of 10:1

and aerobic condition.
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6) RA3t P. aeruginosa AE-1-321 NHs—N2t NOs-N2 =J|s

SOl OE HAHHES
Fig. 341t 3501l= &3St P. aeruginosa AE-1-32 NH,-N & NO,-N2| XA
HSIE LIEHLHRACE DES HIE SEE2 20%010H C/NHI= 10012 =J1 NH,
NO,s&E= 50~400 mg/L0ICt.

NH,-NHXIHS B NH,-N 50 mg/{MtKl= 12A12t8H0 283G MAHZ A}A2L
100 mg/4 Ol&0IM=E 2ol MAZX 2&ACH NH,-N 100 mg/Lel 2 12Al
2t JIEL2 2 M 72.3% HMAHZJASMH, =I|I NH,-N== 150 mg/L2t 200
mg/LQl ZBR0UE= 22 78.8%% 82.4%2 HMHES LEHHALCE NO,-No &=
S NH,-N2F OF&EDJHKEZ =I1 NOs-Ns& 50 mg/iltXleE 12A12H2H0 &AM G|
HAD AL =I]1 NOy-N== 100 mg/L0l40ME 83l MAZIX LRUCEH
ZJI NO;-N=%= 100 mg/e, 150 mg/4 & 200 mg/L2 [Hel MHE(18AI12HD]
Z)2 22 46.5%, 26.7% L 22.7%0IALt.

%2 P. aeruginosasS MESHH =IJI NH,N SOl
& NH,-N & NO;-NHH AZ0MA NH,=N 175 mg/eMK= 2&8| MAHEA
2 NH,-N 350 mg/L0IMSE & 72%It MIAHE [0, NO;—N S Al 350 mg/Lt

o

K& 18AI2F BHO Mol HIAHAES LIEHUWRACEH 0l 20l AP aeruginosa
AE-1-32 1 &stotkl @210 ME8otes ER0= 1s52 NH,-N & NO,;-NOI

MAEXE 2 2= DEs

ol

b =J1 NH,-N & NO,-N s%Jt 50 mg/£0I5t
DEXIeH &3] M ACEH

OldES YH2IOE NASGHH NS HIEWZ JI&E L AASA X80l 2D
=201 NH,-N ¥ NO4,—N HMAH=E0| MotEl=s 222 Atz & Ch

Fig. 362 Fig. 342 OIOIE(NH,~N)E O0I&35t0 Lineweaver-Burk plot2 &4
st JZO0IC Fig. 360 ME DA P aeruginosa AE-1-32 AtEctAS [
of Bt=g Ha K 2 4341 mg/tE HAEAUCH s 2%V Ao
Mol K, at2 259.5 mg/t2 DESIGIRAS e K, 20l =82 2= UCH 0IA

2 Fig. 180IA 2 20l K. pneumoniaeE 1NAsIst HR20WE 1DASIGHA =
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[ 2C Ky 801 =AX0l A K at2 3l S22 JIE2H9 stetlsEe &
HE UEtUHE HeEM K g0l &S5 &S0l 22 2l0IstCt. 012 20|
ZME D8 E22ZM K g0l Balcte A2 D83t HIEWUWAS JI1& L= M
S22 B0l SHHADE 2D 20 2201 K201 SlEsE ez M2 &
UM = =2 Z2uet 201 DEsH 2MIt DESIGH #2 dME0 K, gt
0] 2 AE D83 HIEUWZ JIE&AE M0l HM J1&20 CHst &St-E0l &I [
20l Aoz A= =0,
200 "
—e——  25(mg/L)
\ ........ Oviennns 50(mg/L)
\ ———w——— 100(mg/L)
—  —A — .- 150(mg/L)
150 \ — —m —  200(mg/L)
Ao
) oA
g 100 ¥ M
Z. N \:\\
: 2
. .
—,,,— - —
v~~~\~¢__¢~_~--_____-—---lf
18 24 30 36 42 48
Time (hr)

Fig. 34. Effect of initial NH4sNO3s concentration on the removal of
NH4—N by immobilized P. aeruginosa AE-1-3 at a C:N ratio

of 10:1 and aerobic condition.
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Fig. 35. Effect of initial NH4sNO3s concentration on the removal of

NOs—N removal by immobilized P. aeruginosa AE—-1-3 at a

C:N ratio of 10:1 and aerobic condition.
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Fig. 36. Lineweaver—Burk plots immobilized P. aeruginosa AE—1-3.
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7) DASt P ageruginosa AE-1-3 2 pHY 30 2 NH4s—N

2t NOs—-N2| HIHE 3t
Fig. 371t 380l= &St P. aeruginosa AE-1-32 AE3dt0 pHOl HE NH,

ro
P
=)
=
A
b

-N 2 NO;-N2 HMAHESGS LEUHRACH D3 HIE A
22 NH,NO,0l2 C/NHlI= 100ICH pHE=E 6~1022 XZZEGHUL
,~NHIHE 28 pH 7, 8, 90IHSl AlE 18AIZME JIZEC2 & O NH,
“NHIHEZ 22 96.2%, 98.1% & 98.9%=ZM WR=2 NH,-NIb HAZU2
Lt pH 60l = 51.6%2F MIASI AL
NO,-No Z0U < pH 7, 8, UM A& 12~18AI2t2HN HE22 NO4—NIt
HAZIUCH 12A12t2 JIE22 2 M NO;-N2 MHE=2 22 96.8%, 99.1%
2 98.1%0IA2Lt pH 6UHA= 63.3%2F HAEULCE Ol2AZ0l = D3 P
aeruginosa AE-1-38 AtE56tH NH,~N & NO;-NE HAE Mll= pHE 7~9

AROIOI & == A0l BIEE A2 At &0

2 S92 =2 As| A28t P. aeruginosa AE-1-32 22| SXE [ I
pH= 7.10122 pH 81t 9 OIAM= NH,-N & NO,;-N2 HMHE0| pH 7.1 HE

Ct 60~70%&8 =2 ZOtE

=91)

Imai S°' 2 Batsalova S S4E PVA(polyvinyl alcohol)0l &3t 6t
n
A7

pH B8 E XZAMS 21 DAS &4 Z0| DEGOHA &2 2480 pH 24
Tl =U90, Kobayashi % 2 Canterella S% 2Al DA 54 20| 204
S22 pH YR0A Bt26tD UASS 206

3t Tanaka S*' = photo-crosslinkable resing 0IE5t01 §4Z2 X35 6}
D 0l D&t 49 pH E4EE ZAISH 20 DA 2401 DHSGHA €2
SAB0 E2 pHYERIA 240l USS LIEIUILE 012 20| DjM=ESs 018

)
0x
ton
ol
=

OldE =HIclotE N6t ES M =& pHL pH 2dE0t O E Olss 1F
A

stz H&II1" d&0 2t A0idts 21001 YK €22 pH 0SS
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Fig. 37. Effect of pH on the removal of NH4s—N by immobilized
P. aeruginosa AE-1-3 at a C:N ratio of 10:1 and aerobic
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Fig. 38. Effect of pH on the removal of NOs—N by immobilized

condition.
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8) &St P. aeruginosa AE-1-321 2Bl HE NH4-N
2t NOs—N&| HlIHEH 3}
Fig. 391t 400l= &3t P. aeruginosa AE-1-32 AESIH &= 0 & NH,
-No MARSIE LIEFU AL

D83 HES SMUEE2 20%01H Ea

o

12 NH,NO,0112 C/NHI= 100ICH gt

g=2&= 10T, 20C ¥ 32TCOICH
NH,-NKEIHS < A8 12A12F & 0 g

010

2 10T, 20C ¥ 32COHA NH,

-N HMAES 22 94.8%, 97.5% & 99.6%= 2ZJt === NH,-N2 XA

22 =UCH, 10CUHANE 94.8%2 253 MIHBS LIEHHACH

2 280N AtS8t P aeruginosa AE-1-32] 250 HE A7 2= o
D

IﬂJ

SOA M8 =HHICIOE 10F

0

JI =201 A& dHlwolk)l= 02U Fig. 192
0 CUHME 65.3%E=2 NO,-NMAHEES =2EJAX0

s

0
aeruginosa AE-1-32 1LE3SIGIUE I ¥2 2E0AME 99.6%21 NH,~NAXIH

ol i 2%

o AL cH
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Fig. 39. Effect of different temperatures on the removal of NHs—N removal

by immobilized P. aeruginosa AE-1-3 at a C:N ratio of 10:1 and

aerobic condition.
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40. Effect of different temperatures on the removal of NO3—N removal
by immobilized P. aeruginosa AE-1-3 at a C:N ratio of 10:1 and

aerobic condition.
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9) DA3L P. aeruginosa AE-1-32 0|&8t NH4—N2t NOs—N
of A£A HlA
Fig. 411t 420l D&E3t P.aeruginosa AE-1-32 0IE5IH HAZH2Z NH,

NO,E Hcolot¥sS M2 NH,~N & NO;-N HMHESE UEHHULH EAE2
NH,NO,0IH =21 C/NHl= 5011, 2= NH,-N % NO,-NsZ= 22 50
mg/£0ICt.

HRT 24A12t2 I S&=2 NH,~N

rir

11.4 mg/L0lAl 21.0 mg/lLE BSsIAR S
H HZ2AHA

E2 72.9%0IAUCH &g 222 MFE HRT 12A12422 =0 75
DX 28R

Ct. Ol JI2tsetel |K=+ NH,-Ns&= 7.81 mg/L0lAd 16.23

Of MAE0l SUHEIRULH 28 762MFE= LAl HRTE 6AIZ2E2 =0 100
2NX 2HotACH. FE= NH,-NL 22 7.1 mg/L0lA 13.54 mg/4Mtkl 1S
0.5%0IALH = &8 XHUHAM= HRTIH &

o2l OlHel Ed HMHEZ2 8
= dg= UEUHATH &8 1012 MRE= HRT

S22 NH,~-N MHE0l ZItsl
6AIIS OH2 SXIsHA C/NHIZ 501K 1022 ZJt AIZCH C/NHIZ ZD}
NZS T S22 NH,~N= 10 mg/L0I8I X MHEUSH B2 NH,~N HI
22 90.5%0IALH.
NO,~N MHE SO A

P

Jl HRT 24A12t [ A& =xD| 22.64 mg/i0lA &
X 6.2 mg/iJtRl ZAGHS

10

H B2 NO;-NHMIAHEZ 75.1%0IULH. &E 22¢

I

MWEE HRTE 12A12H LE=ACH 0l $&=+2 NO,-N= 5.5 mg/L0lA

o=z
14.5 mg/4DltXl BisSs6td D

0&

z NO;-N MHEEZ 86.1%0IUCH. &S 76L M
H HRTE 6A2L22 XFUHE |RE=2 NO;-N= 0.4 mg/L0lA 10.9 mg/ent
A HSHUAU BZHMHEZ 93.4%=2 NH,-N2| BLME Hixst B

nio

29
A 1012MMEBH= C/NHIE 1022 2HM 2datd=08t C/NEI Sotol M
N 2

Bt
= = C/NHl 52 I 20 O ROotX= Z&=S LIEHUHRACH Of M
O B MAHEE 97.4%E LIEHUHRUCH Ol2F 20 LEtHOZ ZAMHU A
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M0

N HRTIt 2A5HH Mels(MHE)0l Sotctes 22 LIEHHRIE 2 AF 2

HXA0AM= HRTIOF 2480 =6t NH,-NLE NO;-Ne MIAEE Sotol

ol

RALCH.

HRTE 6AlZt Olot2 2™GHAl 2&20tA HlWdIlE L HEUE
P. aeruginosa AE-1-32 1 &3t otH C/NHI 52 M HRT 6AIZtHIAME NH,-N
HMHE 80.5%2 NO;—N MIHE 93.4%E =S = US A2 MBEL. O=
Ol C/NHIZE 1022 ZJtAIIIE 90%0142 NH,-N & NO,-N MAEsS 24
OF ot=Z2 EAE MG oAM= C/NHIJE 3~5& &0t

CtH C/NHIE ZEIJtAIDl= A2 2Bhe 22 C/NIo
Btets & Ado=2 mCHEIC

Fig. 430l= &3St P. aeruginosa AE-1-38 0|85t HEX2=2 NH,CIZ
MelotdE el K=+ NH,-N HAPESIE UEHUHRUCH EAR2EZ= NH,CIS
AMESIFSH =1 HRT 24AI2H0lA EXE 12A124 10 BAIZIS 2 284
Hl= =JI50M 1022 =3ICH

HRT 24A12t2 1 K== NH,-NsZ=&= 19.4 mg/L0lAd 30.08 mg/4NtXl HS

A2 C/N

St 20 Ol el HMHEBE 55.5%0IRUCH AFI[2H0] ZVE0 et R== NH
NI O R0t = Bets B2 &8 212 0= HRTE 24A12H0A 12A
22 ZAAMZLH HRTE 12A12t122 StHE RE+ NH,-Ns&IJt ZA406t=
2 UERHCL &8 502l RH=E =0ts 2SS 20 |R== NH,-Ns
SOF 31 mg/eNtkl EIlotR i 01 B X ZOFS L

HRT 12A12t0A S B2 NH,-NMIHE 2 57.4%0I1%CH &8 75&8M FH= U
Al HRTE 6AIZICZ RF0HE R&E+ NH,-Ns&= 2H HSGH LA22LHE
= HHE 58.3%)A& 101LMEE C/NHI 50Ad 1022 SUHAIHA 2HGHA
Il &= NH,-NsZ&= 10 mg/L0Iot2 HAHE= &S 2L 0l 20l
&3t P.aeruginosa AE-1-32 AtE0tH NH,CIS Motk & I RE=2
NH,Cl 10 mg/£0IGtE 2J| M= C/NEI 100 ER&s & = UAUL.

DAl olg8t P. aeruginosa AE-1-38 &ecf Fig. 4110t 4201M 2R =0l
NH,NO,E ZARCZ AtZotAS M C/NHI 100A SAIO NH,-N 28 NO,-N
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Variation of effluent NHs—N in continuous experiment by
immobilized P. aeruginosa AE—1-3. NH4NO3s used as a nitrogen

source.
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42. Variation of effluent NOs—N in continuous experiment by

immobilized P. aeruginosa AE—1-3. NH4NO3s used as a nitrogen

source.
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43. Variation of effluent NHs—N in continuous experiment by
immobilized P. aeruginosa AE—1-3. NH4Cl used as a nitrogen

source.
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P
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HXl Z=2AA aeruginosa AE-1-3
Hs—N2 NOs—N2| HA=HIA
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1) 84X 22X Fol 2&3 P. aeruginosa AE-1-3
BS99 EAHNA

Fig. 4429} 45 EHSHA BtESXQ DAS P geruginosa AE-1-3 BIESEXE
g AIARINA 7&+2 NH,-N, NO,-N & COD £3tE LIEtH 2A0IC

S &N BFESEIF DA P oaeruginosa AE-1-3 BFEX9| MEH < Xlot
H S48k BIESX0AM XMel=E =4I DA 8y 2l0F BE2X0 |
Ch. E4&2X IS0 RedE= 4ot H2AR¥22= NH,CIE2 AIEoH
©0f C/NHl= 50112 HRT= 2AI12t01 EI&S |YAIZAC 72=+2 NH,-N ¥
CODe 22 50 mg/42F 500 mg/L0ICH

Sl BISXR0AS |54 B2 EH, AF xJ| 150K 8542
NH,-NZt T-N ¥ COD=s% H3tit oAU 0lRMle s& HSZE0| UL

a8 152 0= OOIHE JIEL2 2 M |R==2 NH,~N= 5.3 mg/L0lA
25.2 mg/iMtXl HSotR2H B NH,-N MHE2 67.2%01UCH. K== NO,
-No| B2, 5 ~12 mg/4MtX (I5LNXI) HSSHCHOIE 0I=F 0= 1 mg/L0lst2
SELACL 4=l HSX0AM €22 NH,-NIF NO,-NZ &g ZA2L
AEJ2H0] BtotHA Eatst= O 0lah LHEFLERT SRt

sclAl 8BS0 2EEHN UAs BEXZ0N st SHE S
gO0tAN 0l F20A EEO0I OIFHXI| 20 E2AJF MAZ=E A2 A
=it A8 152 OI=2HS B2 T-NMAHS2 79.5%=M 4= Xl ELS X0

o

A

&4 CODY B 8.9 mg/L0lM 22 mg/4NtAl Hsotn JALMH KLY CODIt
500 mg/4ES 2ot M COD BDAMHEZ 97.5%0IULH.

M3l P ageruginosa AE-1-3 BtES X0 UUHAZ AE =I/(15LNX) 0=
NH,-N s&H3t0t dotf el Ol=0le s& BHat=0l 252 & = UL NH
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R0 Bz NH,-N MAsE2 D83k &

OII

NSEE 41~17.7 mg/itkl BES

Helot g2 FeEsE NH-N s&E2 JIEeE & M 25.7%01H R+

H

NH,-N s&E J|Z22 & ! dMEL=z 7

~23.3 mg/Lel EHAL
DE&t P aeruginosa AE-1-3 BtSXZ0A NO,-NJI d&EE=E A2 Ot &
Skl BSTUM REE 85HXIt DS P aeruginosa AE-1-3 BtS
20 €0 S0 M2 2oz AI2E L Olf20 tist d&st R#E2 ofXl
ot UL Y229 AEHUMAM= 0 220 Hold n¥g ZIt JCD 2
Ct.
StH RE4 CODE 6.4 mg/i0lM 12.6 mg/eltkl HE (B2 10.6 mg/L)otA
gt

oLt Eo sl SR RS COD(EZ 11.5 mg/ﬂ) DE

-N, NO,-N, ¥ CODMIAEd= =35l 0/I0I8t A
FII=0l He MAHEN =20l RY=esE =I= 201 HI| W20 ZAK A0t
& OIF0AX = Aoz W20
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Time (days)
Fig. 44. Variation of effluent NHs—N, NOs—N, T-N and COD concentrations

in activated sludge process.
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Variation of effluent NH4s—N, NO3s—N and COD concentrations

in immobilized bacteria process.
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Fig. 461} 470l= &3t P. aeruginosa AE-1-3 BIESXQ SHSHAl BIEX
E X8 ANABUAMS 2= NH,-N, NO,~N, & COD B13tE UEHUHRULCE.
Fig. 44, 4510t= BtHE D A3SE P ageruginosa AE-1-3 BIESXJI 485K
s AN EXNEHASH 4 ot Re+= LIS P aeruginosa
AE-1-3 BISXE HFH E4Hd&edX BSZE SWold =20, DEsg P
aeruginosa AE-1-3 BI2X0 K= &4ot2 24888 s Y AgXA
2 Fig. 4402t &Ch

DESH P aeruginosa AE-1-3 BtSXZUA 2 S BH3E B2H NH,~N2 &

S ABIIEOH 16.2 mg/LUIA 25.7 mg/L(BR 22.5 mg/e) X B S5t 20
NH,-NS| BT MHES 55%0I2UCH NO,-NS 0= &)

1.6 mo/t2 ol MHGX %s 2002 UEILON 2 BHSX0AS NOy-NI}
MAOl EIX 2SS 2 4 UUCHL CODS FL RY2 S 500 mg/Ldt HE

& 16 mg/L0IotZ2 XMelHALH CODET MAHS2 97.2%E UEIUHON RII=S
o

2 &S P aeruginosa AE-1-3BI2X0AM HHES & &= UL
BHsN BEXUNAML SE =& BHIE B8 NH,-N2 &< 9.45 mg/{
]

IM 22.6 mg/e(E 15.5 mg/L)DtAl BISOIRCH |4 HE 225 mg/ls
Zez2 & i HHEe & 31.1%010 RL=+ NH,-Ns&

J

2 B3 2 69%2 MAHES LIEHHALCH

Bdsceill BFE2X0AM=E NO,-NJF MAZIFCH It s NO,-N s&
= 11.21 mg/f 20.32 mg/4 (B2 14.3 mg/L)NK HES M& AL 0lARS
DESH P aeruginosa AE-1-3 BISXZ0HAM |LE NH,-N2 22t =2 BIEX
A NO,—NZ MEBZASE 2l0ISHL

S E= CODE 8.2 mg/L0ld 14.4 mg/4(BZ 11.6 mg/l)E B SaA2LE 0]
2 Al Fig. 440AHE DES P aeruginosa AE-1-3 BIESX0M F&&

A

CODIt 4=l BESXUAME Hel 018X R M ==&
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Ct. OI2t &0l &S P. aeruginosa AE-1-3 Bt
H AXN X ot Al ol 2 Z20 WERS |IIs2 Ao &XIs sr=2X0
A HAZIK[2D 0l Clol = AXls BtSxilMdeE

Olts s 2 = UAACH
=
=

=
FIS(BAY)E 2 B=0t0 HMeldtAl L= 2o Hel+=E 2H2 B
0l =2AIH FTHOUA d8= NO;-NE EZEAIls AT BIEAME A22 A

SEH
50
—e®— NH,-N(mg/L)
-0~ NO,-N(mg/L)
g 40 —w— COD(mg/L)
=]
£
2
L)
o
= 30 o
g
= ™ o®
g ® 0—0/'\'
S 20 - ‘,‘a/"
o 0\‘\‘/’
- v W
. . Y et Tty vy
= V/‘V
10 I 4
o
O, O
0 o O O o0 -0 e} —Qo.op o0.0.00 5O
0 5 10 15 20 25 30 35

Time (days)
Fig. 46. Variation of effluent NHs—N, NOs—N and COD concentrations
in immobilized bacteria process with 12hrs of HRT and a C:N

ratio 10:1. NH4Cl used as a nitrogen source
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Variation of effluent NH4s—N, NO3s—N and COD concentrations

in immobilized bacteria process and activated sludge. NH4Cl used

as a nitrogen source
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Xt NAS P aeruginosa AE-1-3 B3

A2 HEGH)| oM =X SSEUN D83 P aeruginosa AE-1-3

S FYoIH A58z 2HGRE e 2= NH,-N2 NO,-N & COD<2

AEXHZ2 Fig. 4410 ZCh NH,-N2 2 A& 272 MOl 31.9 mg/Lkl =
ot 2L & M A8012tsete 87 |RE+ NH,-NsEE= 17.1 mg/Lt2M X
HNEEZ & 65.8%0I1AUCE. NO;-N2 B=0l= AZI12t&2 0.5 mg/L0Iot=2 A
A 20t gd=d Xt EMEUH T =+otd NH,-N2 NO,-N=2°| &

CODHIStE 22X A& =J|0l 26 mg/LltXl LIEtS L EXt 2AG6HH 8.4
~14.8 mg/iNtX AEHOZ HeldHd U282 L = UL CODMHES 97.7%
£ UEIWACE.

Olet 20| =Xl BtSEUH &S P. aeruginosa AE-1-38 F=dtHet
& NH,-NMIAHEZ2 65.8%=ZM Fig. 452 222 Hlwol = I 2 X0l= UX
AAX L B 282822 Helotdl M= 283 P aeruginosa AE-1-38
S5 X2 S5t MESte X Blhe LESE P aeruginosa AE-1-3 BtS
o 28sdX BHSEE 2 P40t &EXicte A0l HIEEE A2 A=
EICh
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Fig. 48. Variation of effluent NHs—N, NO3s—N, and COD concentrations

in immobilized bacteria process combined with activated sludge.

NH4Cl used as a nitrogen source
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= Ol
S P& ANA g5HCZ 2HE 48 ZU0I0 E2AE2Z NHNOE ME

o]

3
UOH =KX P aeruginosa AE-1-358 S A0l E=AI2]1 MS0 BIESX
QF P. aeruginosa AE-1-30tS E=AIZ] MEo BISXE AIE06I¥ 12, HRT=
24A|12F =D| g4dot=2 C/NHl= 501 SJ|&8o=2 M6t

NH,-N2I MIH H3E 2% A8 =12 152K 242 gEX BS0UHAM =

=
== NH,-Nsk BHapl gotdelt ol=0 X ¢EHsE FAHE 20110 ULt

g4d=2X% P. aeruginosa AE-1-32 & FHet 42 BISx2 I &F
162 E 4520tX2l C/NHI 50N fFE+ = NH,-N sT= 12.7 mg/40l
J

O, 82 HAE2 74.6%0ICH. A& 452 C/NHI 50M 1022 SIHAZZS W

SE NH4—N+ Sotottt 2Acks &S EXR=0 0122 C/NG

of SAZ0N S=Z0/Jt 4ot BAg 2 2dsHXt P aeruginosa

AE-1-301 Ml JIs2 ZRIcHK RotAII M=2el 22z A& RE= NH,

-NJb ZOotdl A& 5140le CHAl C/NHIE 52 A0 0l Mol B NH,
P.

-N2 15.1 mg/l (B MAHE, 69.9%)0IAULCH &HH aeruginosa AE-1-38t

= SN2 MY BIS2XUHMHE 242X P geruginosa AE-1-32 =&
St BIE2X Qe Hl=xst B2 20l Y= AeZ BOolU P. aeruginosa AE-1-3
Ot AIE8H 3% B2 |54 87 NH,~N= C/NH| 5& M 18.2 mg/42 Cta

3.6%0IAUCH. NOs-NHMIHE 3ol H<L
HO=2 MAELD U= A2=Z UERCH,
C/NHI SJt0ll et 2=+ NO3-NOI =0Hkl= &S UEHHXIE NOs-Ns&
20 mg/¢ Olot2 NH,~NECH =X= $UCH OAl C/NH 52 288 2t
NOs-N&= otEE o=z HMAHZIUACH C/NHI
AE-1-3BtS RZAIZ] BISX0AS &
£ 2 1.51 mg/e0lH, B2 MAs=2 2
AE-1-32t 2XI0 FEHAIH 286
&£ LIEFSCH

5 M EHASHKXNR P aeruginosa
2 NOs-N s== 22 1.11 mg/
F 97.78% %2 96.98%Z P. aeruginosa

NO,~NHHESS D S48 22

N riJ =
10
ﬂHH'

Mo
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---O-- Bacteria
40
2 30 -
=2}
E
Z
<
T 20
4
10 o
0

0 5 10 15 20 25 30 35 40 45 50 55
Time (days)
Fig. 49. Variations of effluent NHs—N concentration in the biofilm process
attached activated sludge and P. aeriginosa AE—1-3 and the
bioflim process attached P. aeruginosa AE—1-3 only.
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Fig. 50. Variations of effluent NOs—N concentration in the biofilm process

attached activated sludge and P. aeriginosa AE—1-3 and the

bioflim process attached P. aeruginosa AE—1-3 only.
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2) Ms0 #4&2X} P. aeruginosa AE-1-38 0|28t

NHs-N2 HAEA KA
Fig. 511t 520l= R&ZU EHsHX P aeruginosa AE-1-32 S EAIA
AENMoz RME AE ZNO0ICH EARe=2E= NH,CIE AMESIACH, 845
AKX P aeruginosa AE-1-32 ZEEGIH S EAIZI MS9 BIS=XZet P
aeruginosa AE-1-38t RZAIZ2] ME9 BISXE .
= 24AI2t0I04 &4&5t=2l C/NHl= 50110 SIIRCS=Z 2FSHALCH. NH,-N2 Xl
M, 284X P aeruginosa AE-1-32 E80IH RFAIZI BIS
= 2 C/NHI 50l 5.2 mg/L0l M 31.43 mg/4 DA HSTHA
D 873 253 NH,-NsZ= 18.74 mg/t2 B2 MHEBE 62.5%0|UCH &S

92 MOl C/NBI 50l C/NBI 1022 ZIHAMAHAE 7F&+ NH,~N= 22.4 mg/L
OlotZ2 MIHERUCH Fig. 492 E2AELZ NHNO,= AIEE ZR% HluofEH
NH,NO,= AMEE [ B2 NH,~NHAHZE 69.8%=2l= LA EH2 HMAHES
LIEHHCE.

aeruginosa AE-1-32 E&g FFAIZl M= Gt
NO,~NHMH B18t2 B8 C/NHI 52 [ 82 NO,~N= 10 m

X0 2o NHs=NOI NOs-NZ HEEQJI| HELY H2=Z A==
£ SIS Hole StSEZUUIA 2 o 0
CIA2UL C/NH| 52 ChAl K8 Zitsts day
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Fig. 51.
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Fig. 52.

—@— Activated sludge+Bacteria
---O-- Bacteria o

2 4 6 8 10 12 14 16 18 20 22 24 26

Time (days)
Variations of effluent NHs—N concentration in the biofilm attached
Activated sludge and P. aeriginosa AE-1-3, and the bioflim

process attached P.aeruginosa AE—1-3 only.
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Variations of effluent NOs—N concentration in the biofilm attached
Activated sludge and PAP. aeriginosa AE-1-3, and the bioflim

process attached P.aeruginosa AE—1-3 only.
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. aeruginosa AE-1-32 0|28 NHs—N2 NOs—N

Fig. 521t 538 R&Z0 P. aeruginosa AE-1-3BtS R AI2I M0 BtEX
S MEGIH HEXMO2 2HE AE ZU0ICH 2ARSZ NHNO,E ALEoH)
O, A&xJ|0l= AnoxicAEl2 2&AGICHE 98Y 0IFR2He= SI14 AEH0A
ZHOIUH AFI|2E C/NHl= 10 012 HRT= 24A12H0I%LCH NH,-N2o| 22
S&2 NH,-N2 B=s =0l 7.1 mg/L0lA 33.4 mg/t2 &oIUH B |RE
= NH,-Ns&= 21 g/tg MA 56.9%E UEIRCH A8 96LM2H
SoA MEZ2 2HG6HE BIEXE SIIE MdHZ MEGIICH SII4 AE=
HEW SA0 7= NH,-N2 U=2F 1.0 mg/L0IctE LEHHO 2 99.5%2

2 X8 1.47 mg/L0lM 4.58 mg/i % HOl H=EX 2L0F SANAEH0IA
2 mg/40l5t=

T NO,-NJF MAHEHE AE &€ = UAUCH &8 18E€ FHll= 1.
3

HEHOZ NO;-NIF MIAZJALH, 0 el MHE2 97.

SN ZE A 96ZLMIPH PAAMEHUA ST/E HEHZ HEols I R+
NO;—N= S4tA AEe I 200 ¥2 sE2 |RXNotR2H 0 J12E Sete
& B2 NO;-NsEE= 0.54 mg/lie2 HMHEZ2 98.9%S ULEHLHAUCH

P. aeruginosa AE-1-38 S A2l ME9 BISXTE AIEZ0tH R4t
& HEZ2 | otAS M Fig. 492 A ZU0UAM
63.6%0 = =ROIXILL 2F 57%2 MHES UERHCH SJ14 &EZ2 S X6t
0|9 YMsS AHMGHH C/NHI 5 0IAM 20t C/NHI 10 &€ M NH,-NHHZO0I
99.5%2 ESol =82 € = URUCH & NO,-No B=R0= Fig. 502 C/N
Hl 50IA S01d AEH2 28 U R4A B2 2HGHALE £= C/NHI 10
UM SII84EHz2 28 = 2 X0IE Z20IXl A£A2H
97%01 &2l NO,~NMIHES UEFLHUCEH

0I2t SAI0 Fig. 5501 LIEFH HI2E 201 RE+2 CODE R4t HEHMAM &
HI(CODEZ MMHE 88.2%) )= UL EAH3 SII4 AEHHAME CODIt MA



(CODEZ HMAHE 95.3%)c1] A= A2

aeruginosa AE-1-3= NH,NO,E K5Il RlolMEsE RIIS0I 2L8

A= EIC
Anoxic Aerobic
50
40
-
E-)
=
z
I*r
-4
0 20 40 60 80 100 120 140 160
Time (days)
Fig. 53. Variations of effluent NH4s—N concentration in the biofilm attached

P. aeruginosa AE-1-3 only.
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Fig. 54. Variations of effluent NOs—N concentration in the biofilm attached

P. aeruginosa AE-1-3 only.
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Fig. 55. Variations of effluent COD concentration in the biofilm attached

P. aeruginosa AE-1-3 only.
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E st M2 Z=2HNAE N6 fot polyethylene glycolOl ==
A2 N2X 2E 0l Klebsiella pneumoniae 3t Pseudomonas aeruginosa
AE-1-32 ZZIE3 ot &H=2 EAHAN IS = e ANES
d=2 ZEOIUH Lt
A

=
[=)
£E 0l=adt

2
A

K
o

I K. pneumoniaeg® 0|&8t NOsz—N NI A

1) DS HIES SAE0 M2 NOs-N2 HHE8S ZES 2
245 NOs;-N HHAIZH0| H=EEACH

2) C/NBI 2.5~10 MtXl= NOs-N X1 Al lag timeOl Hl==otXI2t C/NBI 102t
300l lag timeOl Z2UHXI= Z&ES EJD C/NHI 250 BAR0U= ELARS 2
FEOZ2 41.3%2F MAHEZAULE

3) &3 K. pneumoniaeE AtEotH NOs-NE HMHote 2R EARCEM
glucose= 0|EJtsotLt HEE2E 0126t RoIA20 acetateE A28 B
= 2 64.8% SOl MOHSHA RIMCE
4) NOs-N=5% 200 mg/LItXl= 30AI2F 2HOll 93.1%JF HIHEI [T

5) K. pneumoniaeE 183 otH M2¢l 10CUHAMSE NOs—NIt 65.3% HHE
O DS otk LSMECH 2 15%0142 HMHEES LIEFLHALT.
83t K. pneumoniae= S4tA ZANME NOs—NIb MA JISSHR LM
ZHUH M= C/NHI 250 M% NOs—N 50 mg/£0] 2t&3] AN ZII
= PDle JEOE Z& C/NHINWA NOs—N HHIt JtsS5HRULCEH

At ZACHHAME BARLEN =2 ALE acetate =82t OtLlct HIES
0

kJ
Of

f

pN| Eto oF

o S

<
010
>

8) 24tA EAHBIWAME =J]1 NOs-N =% 180.8 mg/f T 48A12F 2Ol 1.5
ma/f DR MAHEH 99.2%°2] HHES UEHHULE.
9) DAESt K. pneumoniaeS &g BIEXE AZ20I0 NaNO;2 EAROZ,

C/N 10, =J| HRT 24A12t22 ot SIIHLZ AL NHAES 8 20 HRT
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HoMAZEE2 202 99.9%2 99.8%0[ ALY

J

ol

24N2H et 12A12t [ &

|28t NHs~N % NO3s—N HNIH

o

2. 1383}t P. aeruginosa AE-1-38
Mo 2 NHs-N 2 NOs-NHIHE &
3=N HIHAIZE0] SH=EEA2Lt 1
HIECo 2&It 4ol MAES

e
0

1) P. aeruginosas 1&3 M =
Eg 21 ZHE0 ES4+Z NHs-N &€ N
ZHE AME6tH DHE3F

g & M 10 g Ol

0l SRULCH.
2) DA HIES 3AJIE 2mm. 3mm £ 5mmZ SIS0 AIZ2oIUS [
Ha HIS MNP0 XS4

NHs—N & NO3-N2 HHEEZ 96.8%0140IU2H 1

ZoHAIZ2H0] B AL

3) D&t P ageruginosa 2
dgt HE S0 =245 0 & HMA=0|
20%01 401H MHE2UH UAHA 2 XH0IJF SAAUCH.

2 NHs=NZ2F NOz—-NJF SAl0 2% HIAZA 2L C/N

4) C/NHI 10 Ol&t
76.9%5 0 MAZIXI =3ULH

Bl 2.52 50AME 35.7%~

5) EHAR9Z glucoseE AMESH &=
J, NOs—NHAHO AN A glucoseE AtEsH B 18AI2F BHOl 981 %M AHEIU
1, acetateE AMES8H Z=20= 30AI2F 2HOl MIAZIA2UL HESE SAl L
A= 0I1E5HK R

6) NHs—N2 NOs-NE S A0 HHGH| fIHAM= NHs~N2F NOs-N =0t
212t 50 mg/4 OlotY M BF JtsSdtRBH =J1 NHs~N 2 NOs-N =%t 100
mg/l Ol& 0= 50%0I5t2] MHES LIEHHRUCE.

L 10°COl

WC

ro

0
i
o

Jm
ol

7) 25t 2245 NH-N HMAE2 SII6IRA2H

d= NHs~N HHEZ2 94.8%E LIEILHALCH
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8) DA3t P. aeruginosa AE-1-3S 0|26t NH4iNO:E EAKS=Z 51
C/NHI 50K AEXMo=Z Helst 2 HRT 6AIZPHASE NHs-N2 BHZ HIAS
2 80.5%0IU2MH C/NHl 100IMd= 90.5%M Kl EItotT L. NOs—NE HRT 6Al
JF

FHIA B MIHZ0] 93.4%2 2£S8H HA2 FEFLH A CE.

9) 8t EHARKAOCZ NHLIE A28 HR20l= &4 NHs-N=Z 10 mg/L0|
ot2 MIHGI| oA C/NHl 1022 2&ots 20| RS 2102 oY
Ct.

3. EMSHANE X&s DA3 P aeruginosa AE-1-3 BIESX

>

1) EEEEHA BtEX0 DES P geruginosa AE-1-3S Eot0 =% X2l

gt A NHs-N HHEZ2 65.8%0 AT 2LE NHi-NIt NOs-NZ2 &2 8l

9

2) AT ESAHSA BIESXE Aot Y0l P aeruginosa AE-1-3 Bt=
P. aeruginosa AE-1-3 BIZ2ZX0IA2
A2 AHUMN KIS0l HEE MAL

WO HEHEICH

1) 2RI S8=5HKI} P. aeruginosa AE-1-38 SAI0]
Qb P. aeruginosa AE-1-32t2 EBEZAI2l BISXTE Aot (24
NH4sNOs AFE) NHa—N & NOs-N2o| HEHA AEE2
2+ 9F 69.8%2 63.6%2 MAHEEZ2 UEIH2U NOs—N= 294
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2t 97.78%%2F 96.98%°2 MIHEES LIEFHALH

2) RALN EHSHX P. aeruginosa AE-1-32 SAIU SEAIZI BIHSXEQL
P. aeruginosa AE-1-32t2 S&AI2I BSZ0 HARA2= NH.CIE ALE0HH
AR AEsS st 20 dsHX} P aeruginosa AE-1-32 S Al
ZAIZ2I BISZUAML NHa-N HHEBS 62.5%= LIEHHACH SHSHKIE

Aot BHSXZ0A AED(2H01 20l el 2atet S &0l LHEHSD

=
=
=
=

3) EX I P. aeruginosa AE-1-30tS S ZAIZ2] MS0F 8BS XM NHiNO;
E ZARO0Z A6t HzHelst 2 SakA MEHOIAS NHs-N HIAHEE

56.9%0IA2 Lt SI14 dEHUAME 99.5%2 HHES UEHHRULE NOs-N= 2
F97.3%2 HAES UEURLD SI1d HEH0AE 98.9%2
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