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ABSTRACT

A Study on the Removal of Nitrogen by Immobilized
Pseudomonas aeruginosa

By @ Gyoung—Hun, park

Advisor : Prof. Hyung-il, Choi

Depar tment of Environmental Education,
Graduate School, Chosun University

The aim of this research is to develop a new process of Nitrogen removal.
Whole cells of 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.

The removal rate of NOs-N increased with increasing of cell concentration
in the immobilized beads. A higher removal rate of NOs-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/ £ of NOs-N was
completely removed in 9 hours. other carbon source, such as methanol was not
utilized.

NOs-N was completely consumed at C/N of 5 and 10 and 20, but C/N 2.5 the
removal efficiencies of NOs-N ranged from 76%. The removal efficiencies of
NOs—N increased with increasing of temperature and the NOs—N removal
efficiency of 96.8% could achieved at the low temperature(10C) by the
immobilized P. aeruginosa AE-1-3. The average removal efficiencies of NOs—N at
the HRT of 24 and HRT of 12 was 97.4% and 98.8% respectively during cont inuous
treatment by the immobilized P. aeruginosa AE-1-3 when NHMNOs as a nitrogen
source was used.
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Table 1. Relationships for nitrate dissimilation and growth in denitrification

reactions

Reaction

Equation

Nitrogen
dissimilation
Nitrate to nitrite

NOs + 0.33CHsOH
= NO,” + 0.33H,0 + 0.33H.C03

Nitrite to
nitrogen gas

NO2 + 0.5H:C03
= 0.5N2 + HCO3 +H0

Nitrate to
nitrogen gas

NOs + 0.833CHsOH + 0.167H2C03
= 0.5N2 + 1.33H.0 + HCOs

Synthesis -
denitrifiers

14CHsOH + 13NOs + 4H.COs
= 3C5H702N + 20H20 + 3HCO3_

o &4

Ot

SA MESES SEMAIL ZE2X L2 AEHOA NOs-NLE N0z -NZ2
£2HZ 0I25IXIL 2EAMAI}L ENSE R U2 RIIEX2HEL ¥ =2
Hel2 = MAE M5 S, =, SJ14 3ECR O ¥
A o2 QD PAAMNEHBLH SIIAMEINA SE O|M2 MM BN
210 SESF BHS0| AFAC] 2T AN LOoiLlE 0lR0ICHY.

[m]

in

2

ATPO}
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Table 2. Comparison of energy yields of nitrate dissimilation vs oxygen
respiration for glucose

) Energy Yield per mole
Reaction ) )
glucose kilocalories

Nitrate Dissimilation
BCeH1206 + 24KNO3 —

570Kcal
30C0, + 18H.0 + 24KOH + 12N,
Oxygen Respiration
v P 686Kcal
C6H1206 ‘|‘602 - 6C02 + 6H20
Table 2= DIM22 WsE 220l €232l HStEH (rate limiting step)
2 &2t MHR0ICH. 20 CUHAM AEXI= Methanol @ HSL 0.25 kg NOs-N /kg
MLVSS/dayOl), DIM=LHS WsEsS= It ErAR0l AL 0.04 kg NOs-N /kg
MLVSS/dayOICt. &8AF 20X JIE2ZA methanol2 AIEdls P E22E HISS A

(1), (2), ()0l ESIO UCH.
NO; +0.33CH;OH—>NO, +0.67TH,0 (1)
NO, +0.5CH,OH—0.5N, +0.5C0, +0.5H,0+ OH (2)
NO, +0.833CH,OH—0.5N+0.833C0, + 1.167TH,0+ OH  (3)

A1), (2), (3)0ll 2H OI2X methanol2l RTFEFDF biomassAAtEFE 242+ Al
(4), (5)22 R& 2% UL},

C,= 0.53NO; + 0.32NO, + 0.19DO (4)
C,= 0.53NO; + 0.32NO; + 0.19DO (5)
OIIAM,
Cm = 27F& Methanol2 2F, mg/ ¢
NO; = R7&E H&d HA9 5%, mg/ 4
NO; = RFE OtEME HAS =%, mg/ !l
00 = HHE E&ELALS 5%, mg/ 4
C, = Biomass &k mg/ 4
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Table 3. The applied range of the immobilized enzymes and microorganisms
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Table 4. The comparative of feature by the immobilized method
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II. o
1. AdAs
D 5

Yol EAUAN =218 Pseudomonas aeruginosa

2 =
S

00
i
Bt
1

rr
g

82 Table 52 220, FeCla6H02H NHINOs=

=3 U0 A28 S0 X2
82 XM autoclaveZ &8t £ AIZ6HELCH.

Table 5. Composition of medium for the growth of P. aeruginosa AE—1-3

Components Concentration Remarks
Glucose 30 g Carbon Source
NH4NO3 19 Nitrogen Source
NazHPO4 12H20 15 ¢
Phosphorus Source
KHoPQ4 34
NaC | 0.5¢
MgS047H-0 0.2 ¢ .
Minerals
FeCls6H0 27.03 mg
NasMo04-2H-0 2 mg
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4% A= 2 P

2 AEH A2=E D3I THE= A PEG-1000(Shin-Nakamura  Chemical,
wakayama)Ol0d, JtwHe= N,N'-methylene-bis-acrylamide(Wako Pure Chemicals,
osaka) 012, =&IH= N,N,N' N'-tetramethylethlene-diamine(Tokyo Kansai Co.)
Ol1, JHAIMlE potassium persulfate(Kanto Chemical Co.)OICt. O DAS WM&
= MAHDNIAOL U208 = It EC 2&0F =0tA ZDILE wBrol CHoll A

ol
a
2

P 242X MEDHS shumino S¥9 gEsS 250 Fig. 52 20

130 < O wl
0
tol

HZESHACH. =, DX 2& PEG 15%01 CHoHAM JtwHe=E 1%, =& M= 0.25%2
Hgz Z&5td, o0 Z&20 JA221(3000 rpm, 5 min, 25 T)8 P~
aeruginosa AE-1-3 SIEtH 8%=2 =&st = AN 0.25%2 20 ZEdIOIEN AME
goz 41 102 S &Xl &8 & NE 3 mE ANE T S=2= S0M MES =
SHH+E AIE0l0 232 =3IAIHA 324 A8 L HAHA AFHN A=A
Ct.
| PEG 15 % |
U
| Crosslinker 1 % |
U
| Promotor 0.25 % |
U
| P. aeruginosa AE-1-3 8 % |
4

| Initiator 0.25 % |
J 10 min X

| Cutting (3 mm) |
U

| Washing |
U

| =35} |

Fig. 2. Procedure for immobilization of P. aeruginosa AE-1-3 .
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Ol grSXUS 2SS PoHA mixerd
0.1N HCIS AIZ0ol pH 7.022 XZEot,

Akl &&= Fig. 310 L.

ASH O

IXIE & XIotALCH
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ro

Nz

0
0000 O

EIEIEI

O o
Oopoooof
|:||:|EII:I
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ro

o 5 goo
o 1 ogoloOoOp
n- YgpHn0
poo O 5 ggpl
W DgOo
<G> oo
4
1. Immobilized bead 2.5pin bar
3. Reactor 4 stirrer

Fig. 3. Schematic diagram of the batch process.
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Fig. 4. Schematic diagram of the continuous process.
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4. AU H

o NA3Z P. geruginosa AE-1-32] ZH=EZ0 [H2 NOs-N Xl A
DESIA A 2 -10g0|0H, EAJ2CZ= NHNOE AMESIH NOs-Ns&E=
H

H C/NHl= 50ICt. BFS =0l 1D&¥3 HEE €2 = U

BIOS SioIR D P4AA MEHE KRXSH)| 0 BISE 220 UIIZ2H 3D
b RYUDX AEE FES HAHGHALCH

o NHV3t P. aeruginosa AE-1-32] DASH HIS3AJI0 WTHE NOs-N KA

DS HIEE 2mm,3mm & 5nmel AJI2 MAGHH 324 BFSI0 FLoiUe
O NOsN =%&= 50 mg/ £ OICH. C/NBl= 50ICH BrS=0l &3 HIEE €2 =F
wWeHotE S AL MEIE |XISH] R0 BISE 220 UIIZRH 3
It RLEX 2EF 2= HECHRULH

o A3t P. aeruginosa AE-1-32] S&IE0 [HE NO-N XA

AEE A S0l DE3S HEE BEX EHQ 10~5000t SIS =6t
U[OM NOsN =%= 50 mg/ £ 0|1 C/NHI= 100ICH.BHS X0 LES HIEE €2
£ NEI0IS ol D RAA MEHE KXo R BISX L2200 UDIZ22H
S0t RSN REF F2AS HEGHRUCEH

o NABL P. geruginosa AE-1-32] C/NHIOI [TFE NOs—N XA

AS2 324 BIZ2X0) LDAESH HEESE BI2X E2&HO| 20%J)t =2 FoUS
H NOs-N =% += 50 mg/ £ 0122 C/NHl= 2.5~100] & =& X&EoIGLCH.Bt2X0 0E
3l HHEE 22 F nHorg o] R4 AelZ2 || {6 Btesx =2
20 WIIZ2EH ZI|Jt SUSKX AE2 EAHS HEBIQUCH

o NAZL P. geruginosa AE-1-32| EtARIN 2 N KA

A2 324 BISX0 DA HEE BI8X SO 20W HEE FotU2
O NOs-N =5 = 50 mg/ £ 012 C/NHl= 50ICH. EHAROZ = glucose®t acetate &

2 SEZ2 J/XISH)| ol Bt
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Table 6. Analytical methods and parameters

| tems Analytical methods

pH pH meter, TOA HM-14P
NH4-N WV Spectrophotometric method,Shimadzu UV-2450
NOs—N UV Spectrophotometric method,Shimadzu UV-2450
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1) A3 P aeruginosa AE-1-3¢] #AFx°] W& NOs3-N
A A

Fig.5 Ol LIEtH Brt20l D&S HMEAl P. aeruginosa AE-1-3 ZXH=sZ0ll T
E NOsN MAHBISE LEHUHRUCH. SHot+==2 HARE NHN0s0IH C/NHl= 52
ot 1D D3 HEA 2 &2 2~10 gOICt.

P. aeruginosa AE-1-3 ZMl=sT 2 g, 4 gO0llAd= 9AIZHEHOI 78.78%, 82.82%2] Xl

22 B0 2H=s% 8 g, 10 gM= 95.48%, 98.9%2 HHA=E2= 2JUCH 012

20l &3t P. aeruginosa AE-1-38 AIESIFES Il 2H=sZIt =2 S N0s-NO|

Br=H MAES LIEHH D JACH A S OO0IEHZ LIEHHXI L RUAKXICH 10 gOl&ol &

HME ALE56tH DAES MEA D& BIEQ SHH0] M 2&IF A& =2H0t
2

Lict EAXls Z&S UHEHLHO MAEE0| NotH=s 222 Atz =0

]

Sheldon S*'2 Pichia pastorisZ DA36I0 HEI2SS OINE LHEIE2 N
et [ DES =T st 9= ZASH 213 DESHNH AFE2E 2dls SO

N
(=}

4>
no Jw ro

i

=
==+5 232 & HIEdEIt RSS LIEtHEE JACH. E£8F Mor ikawa
A

| AOAS 2 Fets ZAtet 20 Al @M E0I

50
Koo mo oin O

F

AL
&

bacitracin 444 = 242 LIEHHRAC. 01248 OIS EM Sheldon S©
=529 ZNE &Rote LIS HEWME &AL JIEQ gasE0 I3
e 240 et Metel k2 I &) =2 Hez &AL

SiH A SP2 AMNSZS DS S I MR HOWM DS HISLHO
ZASIA0l EMMOHA FeE 28 32101 UR ot )2t =SAMHAE DEF
HEZEY S484EE 22 4+ I HE0 2ESGAN= Jisste 8850 =2
AMSIAE NsT2 N85 ot 2401 S0ttt otACH



3

NO_-N (mg/L)

Time (hr)

Fig. 5. Effect of cell amounts in the immobilized beads on the removal of

NO3;—N at a C:N ratio of 5:1 and anoxic condition.
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2) A3} P. aeruginosa AE-1-3¢ 1A 3} v|=37]d w}E
NOs-N¢] A|A

Fig.6 Ol LIEtHH Bi2tZ0l D&St P. aeruginosa AE-1-3 2 L&ESH HIEZAJI0
CHE NOs-N2 MIHBISIE UEHHRUCH. A2 NHMNOOIOH C/NBl= 5012 DE S
BIS AJl= Z2J12 1mm, 3mm, 5mmOICt. 222l NH3FI HIEE AMEoIUS M
NOs-N= HBIEZJIJt HE+5 NOs-NMIAHES0l =ULH
DE3 HIE 1mm, 3mmS ALEEHE S QAIZEEHO 282F NOs-N HIHE 96.2%, 97.6%

LIt LE 5mmel D& S HIES ZR 56.82%S LIEHLH/ACH. DS HIERH
| Z==+5 NO-N HIAE0l SItotAl LU2LE 3mmOIotH MAZE0= 2 XH0IIt

UACH. ® S¥2 SN 2ollZS DASIEI DES HIE TR XY 1.8, 2.3,
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Fig. 6. Effect of bead size on the removal of NOz—N by immobilized P.

aeruginosa AE—1-3 at a C:N ratio of 5:1 and anoxic condition.
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A3} P aeruginosa AE-1-3¢] ZA &9 wE NOs-N9
AA

Fig. 7 Off LIEFH Btet20l &3 P. aeruginosa AE-1-32] SXE0 [HE NOs-N
Of MHHSE LIEHLHACH. EARAES NHNOsOIM, =I| Nos-NsZ= 282 50 mg/ 4
OICt. C/NHI= 50t EHI&E5E =& ol
10~50%0t S &= F=oHALE.

BLS BAIZEM DAS SXS0| LS5 N0g-NOI HtEAH HAEZ = Ze2 20l
1 A2H O AIZHOIA NOs-Ne= S8 2 50%2 [ 95.58%, 30% [H 89.96%, 20%!
I 79.5%, 10%Z [H 63.48%=Z NOs—NKIAO UAHA Ot XHOIE LIEFRHSU BFE2 9
AZHIHOll= 50%,30%,20%, 10% 2r2F 99.94%, 99.74%, 99.08%, 99.14%2 MAHE= =
Ol UCH. DNE3F HIE SXS0l WMt leSh NOs-NHIHE0l SItotAl L U2t
=5 NOs-NOI WtE2H MAHEA}D, E£&F NOz-NHMHEE =JACH. 0IA
HIE SXS0| €S2 A0l | MR A2 AIZ2 =L,

Z3t BHSHAE MESIH 4ot 52 HAE HMAHE M 2
M3t HE =20 WSHZ NHANIF WEH MHES LIEHHH lon, 8 S3
T St& Ot3Eoi0IEz EZ XSS DIMEES AIES PVAMEISS HP0AM
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Fig. 7. Effect of bead amount on the removal of NO3z—N at

of 5:1 and anoxic condition.
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4) 1R3¢ P. aeruginosa AE-1-3¢ C/NH]o] w& NO3-N9¢
A A

Fig. 8 Ol LIEtH BikZ0l DESt P. aeruginosa AE-1-32 ALESHN C/NUHIOHI
2 NOsN2| MIAHEBISE LIEFHRUCH. A2 NHMNOsOIM, NOs-N =S = 50 mg/ £
OIUCH. DE S HIESAE2 20%010H C/NBI= 2.5~200ICt.

NOs-NHIHSl Z< C/NHI 50l M= 9AIZEEHOI 100%2] HAES ULEFASLE C/NH
2.50lMdE AE AIZHIH 90%WIHK HMHE ST 12A12+2H0 2FX WAL D}, C/NH
10, 200l M= QAIZHCHOIl 2+2F 87.59%, 48.66%JF MIOHEIZ C/NHI 100IM= 12A12¢
OHOl && HMIOHOF S0 C/N 200l = 15A12HCH0N =& RIDHZ UL,

Olet 201 &3 P. aeruginosa AE-1-32 ALSStAS [ C/NBI 5014 O 0F2t
NOs-NE 9AIZtCHOl tiHE XM H I DS GtC.

A¥e = MBI AFRSt P. aeruginosa AE-1-32 AFZ5H0I C/NHIOI T2 NOsN
O MIHE ZESH Z1 C/NHI 2.50 A= NO;-NOI 76%2t MIAES 2108 bt ULE.

2 MMM 201 DES P. aeruginosa AE-1-32 ALESHH NOsNE it E I
ot fIhA= C/NB| 50140] 2RE 2122 At EICt.
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Fig. 8. Effect of bead amount on the removal of NOs—N by immobilized
P. aeruginosa AE-1-3 at a C:N ratio of 5:1 and anoxic condition.
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31438} P aeruginosa AE-1-3¢ &4 wWE NOs;-N9¢
AA

Fig.9 Ol LIEFH BI2AZ0l DE3t P. aeruginosa AE-1-32] EtARI0 [HE NOs-N
Of MHBISE LIEtLHACH. DHF HIE SAES 20%0/0{ C/NHl= 50110, AR
S 2= glucose, acetate ¥ methanol 2 AtESHULCEH.

glucoseE EtARLIZ AIEEH BS 2F 9AIZFEHA 98.3%2 HMHES EU2LL,
methanol & EARCZ AIESH B 9AIZE JIE22 NOs-NJF 49.76% HIHES A

1 4BAIZEDERl &St ZF 81.3%2 MAHES 2L acetateE HAROZ ALE

= 2 OAIZHEHOl NOs—NIF 57.52%2] HIAHES 210 24AI12H8H 98.62%2
HAES EJACH. 012 20| HARCEZM glucoseE ALESIRE Mol= NOs-NIE 9
3

AZ2FBHO 98.3% MIAZIF2LE methonol2 EARSZ 0|E0HAl RIMULE.  acetate
£ AMEot= E=R0U T NO-N HAHAIN H$HAFELSZ 0l&JtsotLt glucose2t Hl w6t
O & 50%E T SHol ZHoHA RES L=ULH.

01242 2%9 SInMet 20l DEEIGHN L= P aeruginosa AE-1-32 ALE
Ot Ol EtAR0 [ME NHeN Z NOsNMIHE ZESH 23 methanol EARCZ
MBSt BR0l= P. aeruginosa AE-1-301 SAIGHA %LU acetateE HARSZ
ANESIRE R0 = glucoseE ALEGIAS e of BHEE 20l SAGH 2SS
S8k v AT Metd 2 A& ZH0A XS acetateE EHARSZ 0|ZAl
NOs-NIt 2F 60%E HO MAZX 2= HE =HI2I0tS M0 A2 2HIt U=
Aoz Mz EC

UBHOZ EHSHAE AES 24 MAAMUME SHAREZMN HE=SS Ot
ot= &2t med 2 £*e Con/No,NHIJEH 3.02 [ NO,~NHIHE S0l 93%2S

28 YD o S®'2 C/NHI 5~100lA 96%2 EERA HAHESES BA2L /N

Hl 31} 2.80I A= 2r2F 83%9 81%= LIEFH HE QUCH.

N SY2 EXHAS AIEE ZAMHO 2 HPUA EFARQ =5 B
HEI=2S C/NHI 4.40140] TIE2 XAEsH 2D OHNNOl SASIE B8 gt QU
Ct.
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Fig. 9. Effect of different carbon sources on the removal of NOs—N by
immobilized P. aeruginosa AE-1-3 at a C:N ratio of 5:1 and

anoxic condition.
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133} P. aeruginosa AE-1-3¢] NOs-N¢| Fxo] w&
AlA

-v-

Fig. 10 Ofl LIEHHH
= LEtHY=d, DRSS HlE =38
25~200 mg/ £ OICt.

NO;—NS| ZEJ| NOF-N=E 50 mg/ £ DHXIE 9AIZFBHY X3 MHEA2LE =D
NOs-NS & 100 mg/ £ Ol&O0IAE 2AF| MHEX LUACH EI| NOozNsZ 100 mg/
2, 150 mg/ 4 % 200 mg/ £ L HOl RIAS(I18AIZIIIE)S 22t 99.2%, 98.47% ¥
96.64%0| AL}

stm 2% DAGIGIN X2 P. aeruginosaE AME6H0 ZI| NHNOssZOfl Ot

=
NO,~NAIDH 20l NO,-N 350 mg/ £ XIS 18AI2H BHOIl 2t MG| MAE S LIEH

Hiet20l DASH P. aeruginosa AE-1-32] NOs-N2| HMIo1 B3}
2 20%0/H C/NHI= 5012 =J| Nzy==c=

v

LHRACY.

OI2t 20l P. aeruginosa AE-1-32 L ESIoLAl &£ AEote R0 Isk
© NOs-NOI MIAHE XIS 2 @22 DES otH Z=I| NOs-N =TIt 50 mg/ £ OIGEDHKI
OF 26M3] MIHERUCEH.

0|42 EtHI2IoE DESEIH DES HIEWZ JI&E &L AASEA &0l 3D
20 NOsN MHES 20l MotE=s Heg A= &

Fig. 11 2 Fig. 10 2 GIOIE{(NOs—N)E 0l&5t0d Lineweaver-Burk plot2 &4
st JEO0ICH. Fig. 11 OIM ™™ &S P. aeruginosa AE-1-32 ALE3tAS H 2
Bl2=G A K 22 118.5 mg/ £ 2 HALEQACH. Breto 239 AR DA Sl K

o
o
4

A2 74.22 ng/ L2 DHEBGIAUS M K, 20 =2 QUCH. K, 2te 27

(@)

=42 JIE2S] St Ee HAE LIEtUHE A2ZM K, 8t

| PG
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—/

o
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T/

Pt
fon
I

20l ZME L83 g22ZM K, 2t0l Balote A2 L& HIEWHAS
JE = dd=2 20l SHEHI =0l W20 2271 K200 SiiEHs A2
UCH = A2 202 20| DF3t ZMIt DH=EoHK %22 2
HEO K, 201 2 2 D¥3t HEUWZ JIZ&4a Het0l HA JIZE0l et st

0l &) 2 Rz AMSET
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Fig. 10. Effect of initial NOs—N concentration on the removal of NO3—N by
immobilized P. aeruginosa AE-1-3 at a C:N ratio of 5:1 and anoxic
condition.
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Fig. 11. Lineweaver—Burk plots immobilized P. aeruginosa AE—1-3.
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31433} P. aeruginosa AE-1-3¢] pHel| w& NO3-N¢| A|

ﬂ

Fig.12 Of

NOs-N2| MIHEHSE LIEHL UL

ASM, C/

NOs-NHIHE 2H

ot04 pHOI [E

DEsE HE sS8E2 20%010H E2AF 2 NHNOsO!

| LIEFH BIEZ0l D&ES3E P. aeruginosa AE-1-32 AIE

A

NHI= 5011 pHE 5822 X ZOIRULCH.
A pH 5, 60IlAISl &8 AIZIME JI=E22 & I NOs-NKIHE
96.8% 0111, pH 7, 80lMS & AIZHIE JIE2=2 & I NOs-N

= 22 96.8%,
= 283 HAHAZACE.

2 sY2 =2 A ARS8 P aeruginosa AE-1-32 22| SHE [ A pHe
7.10122 pH 81 9 GIM= NHseN & NOs-N2 MAHSO0| pH 7.1 MHECH 60~70%& &
2 SOl =2 2108 "t UCH.

Imai S% 2 Batsalova S®2 SAZ PVA(polyvinyl alcohol)Oil D&E3H 5t0d
pH EHEE TAISt 213 D8S &4 Z0| JFSoHA 22 420 pH 8485
Db =90, Kobayashi S & Canterella S Al DFS 64 0| B0 4
2 pH 820N BtESotd ASES UGN

st Tanaka S*' S photo-crosslinkable resing 0|26l 542 N&S6lD

0l DAES §4° pH 4TS ZAtst 210 DEG &40 DFSIGHN 2 &4

S0 H2 pHERAMA 2401 JUAS=S UEHHACEH. 0l 201 DIME2= 0I=6t:H
ohHI=~E XMclg M &ZS pHIt THE Z=R0Ul= 0ld=ESs &6 0|M=2 &
A2 UEHHE pHEO e 3% 0IsSAZ2 &= U2 A2z AIZE 0

OlHdg 2HHI2I0LE D& SIeIY i =& pHLI pH A4 &0} OI2 01Rs 1ES

MEo HAEIIA HA&EA 28t 210lcks BE0JF /AKX 222 pH OlSES AN T2

A HRE N2 HOEIC
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12. Effect of pH on the removal of NOs—N by immobilized P.

aeruginosa AE—1-3 at a C:N ratio of 5:1 and anoxic condition.
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P. aeruginosa AE-1-32 AtEdtH =20l
b, DF3 HIES SHEE 20%010H 24
= 10C, 20C ¥ 32COILCt.
NOs-NAIHS B2 AE JAIRE & M BS2% 10T, 20C & 32TH A NOs-N Al
==5 NN HAHE2 =ULH,
IM ALZES P aeruginosa AE-1-32] 2&H
AL B9 H0A X
CUHME 64%8 2 NHiNHHES B
22 25 0AdZ 96.8%2 NOs-NHIH== LEHHRAUACH. ZZ2IEH
Ol20l Blol 2%l CH
LU MalSH= OldME282 32 EXels 2
g A=z

CILt O 2201 tiet 1

2% mE NOs;-N9

e g+ 2= 20|
g g4d=cNE nEslotd

Ol P. aeruginosa AE-1-3
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Fig. 13. Effect of different temperatures on the removal of NOs—N removal

by immobilized P. aeruginosa AE—-1-3 at a C:N ratio of 5:1 and

anoxic condition.
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1) D33 P. aeruginosa AE-1-32] NHsN, NOs-N2| H=H K|
A

Fig. 142 150l= &3t P.aeruginosa AE-1-32 0I5t HEHOZ NHNO:E
XMelotR S M2 NHeN 2 NOs-N HAHBESIE LIEHHRUCH. EARE NHNOsOIH =D
C/NHl= 50122, 22 NH-N & NO;-NsT= 22 50 mg/ £ Ol Ct.

HRT 24A12+ [ =4 NHN= 35 mg/ £ OlA 50.95 mg/ £ 22 HSIIA2H
ZHASES 3.14%01% 10, A8 8UAMEE HRT 12AI2tC2 F=0 252X
K[CH. O JI2tS0te RE4 NHyNsT= 40 mg/ £ M 50.45 mg/ £ DX
O A HMHE2 6.83%0ICH. A8 262MFEE HRTE 6AI2ICE2 ¥ 3
DR 283IA LD = NHAN2 22 36.95 mg/ £ OIA 50.9 mg/ £ DHXI S
O ool B2 MAES 11.30%01 UL,

P. aeruginosa AE-1-32 1 &3t otH C/NHI 5= AL HAHI EHX 2= A
O2 AtZECH.

NOs—N2| HMH2 2= = 7&2 Nog-N= 0 mg/ £ 0IAM 5.32 mg/ £ 2
2 HSOIRUCH E3MAHAEE 97.43%0IACH. A& 8LMIFE HRT 12A12+2E2 &
FO 252NNl 2HoA D 0] J|12S2He RES Nos-NsZ= 0 mg/ L Ol 5.23

1= 2 98.8%0ICt. A& 262MEEI= HRTS 6Al

2oz 0 392NK 2HSIULD 7= NOs-N2 @t=2 9.3 mg/ £ KA 33.2 mg/
LMK HSOIRH OlIHe EZ MHEEZ2 45.7%01 AL

C/NHI 5 [ HRT 12AI2t0IA S NOs—N HIA

ol

H

=
e
il
8 o
[0 e 2 Qv oF

9'3
%)

2 8B.8%E 2= = US N2 AZEU. LBHOZIZ o2 HAE HIHGH]
A= C/NBIDOE 3B &I 28t 222 = [ JtsSolth® C/NBIE SItAID|=
2 2Elhes 22 C/NHIOA 2&8c6ts 20l HHEA & Hez2 HHECH
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Fig. 14. Variation of effluent NHs—N on continuous experiment by

immobilized P. aeruginosa AE—1-3.
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Fig. 15. Variation of effluent NOs—N on continuous experiment by

immobilized P. aeruginosa AE-1-3.
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B3 P. aeruginosa AE-1-3E 0IEZolH SAMAETAHUHA N
o 324 Y HAZAEEZ £ 20 OsSl 22 2282 LAUCH
1. C/NHI 50]140IS4 NOs-NII QAIZFR2HO MIDHDF JbtsalRch. &8 C/NBI 2.50
NT 12A12t8H0IE HIHDE S ALCH.
2. ZJ| A sT0l 2 AZSE0A NOs-NMIHAI NOs-N 200 mg/ £ Ol Al &= 18A]
2HOHON 96%2] HA=E= 2L
3. D83 HE SAES 10%, 20%, 30%, 50%= HBFAIZFH=S M 2HS HIE
S0 et "ldicld SOIotAle UL S0 HS+F A
MHEACH
4. NABS HIE= P. aeruginosa AE-1-39] ZHMsEII =S4, HEIAD|J}
M2+E SAG A0 SHEZIALCEH.
5. EEAROZ glucoseE 0l&0dt= 2101 NOs-NE HIHGHI| KM= A
ol1), acetateT 50% MIH JtsolHCH.
6. NOs-No MHEES 25IF ZIIe4=2 =IIoI L.
7. =& pH= 7-8A0| OICH.
8. DA3Z P. aeruginosa AE-1-32 0|20l NHNO:S E2AKS=Z &t C/NHI
HRT 12AI2H0IA S NOs-No| EZ HIHE2

HE=x™oz xe|st 2

— T/ T/ —

50l A
98.8%01 *AULCH.
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