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ABSTRACT

A Study on the aerobic denitrification of NOs—N by

Klebsiella pneumoniae

by Kim Sol Jin
Advisor : Prof. Kyeong—Hoon Cheong
Department of Environmental Engineering,

Graduate School, Chosun University

The aim of this research is to investigate the effects of several factors
on the removal of NO3—N under aerobic condition by Klebsiella pneumoniae.

In the synthetic wastewater initially containing 350 mg/¢ of NO3-N. NO3-N
were completely consumed at C/N ratios of 5, 10, 20 and 34.3, but at C/N
2.5, the consumption of NO3-N stopped at 207 mg/l. For the complete remo
val of NO3-N and complete consumption of glucose, the optimal C/N was 5.
Therefore, the addition of external carbon is necessary in the wastewater tr
eatment of NO3-N at C/N less than 5.

The effect of shaking and standing cultures on NO3-N removal also

_Vi_



investigated.

NO3-N was removed complete after 24 hours on the shanking culture. NO3-N
was removed complete attained in after 24 hours on the shaking culture. Si
milarly the NO3—-N was slowly removed on the standing culture.

By taking the nitrogen balance after cultivation of 24 hours, about 82.5%
of removed T-N was denitrified and 7.6% of removed T-N was converted

to the intracellular nitrogen.

- vii -
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Table 1. Oxidation of nitrogen species during nitrification.

1 | AMMONIUM
NH,*
~ 1l N
= HYDROXYLAMINE
g NH,OH
S | © .
< NITROXYL
2 | NOH
C
@ +l SN
2 NITRITE
= |+ )
= N02
+|V \
NITRATE
+V
NO,-
}‘75\%1‘0{0»30?:;” I“' Jf’vitfoﬁacter“*{

ypothetical nitroxyl EEHDF JUCHD YO XD, EASIOl 2= M
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HAgl=E 220 2ol S8= IAAH &=CF Nitrifier2l &0 JAHNH HNE2E=
NitrosomonasOl THall 30 ~ 36°C, Nitrobactor®ll TihAS 28C2 LM QUCH?,
Nitrifier=2 d&2 2 4 ~ H50CUHA Z0LILD, 4T Olot 2 45T OIMUAE

S0l HY ZHUX =00 O £8 15T Olstiid= Zatsts0l 236! &

roh

A
(HoCOs)0l MAEO pHE ZASHH XIS ZI| BFE2
o

Liotd 24 1 mg &
S

=]
Bt ZEHMOI HANAS 7 mgS AFRSHIY,
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LG BISE 22T E 222 S 20 pHE 2ExF22 RAldte A
otz 5

ZQ0tCH Y2LI0MY ZA0F AtgtE =0l A= L2el
2

o2 s 2A0ICh B LOIL O LRSI AHIE=C(Table 2), MIEE
S0l SACIUS I MstE ADLI0HY BA 1 mg RIS LHlE CaCO:E

N 7.14 mgOICt.

Table 2. Relationships for oxidation and growth in nitrification reaction on in

relationship to the carbonic acid system

Nitrosomonas

Reaction Equation

Oxidation — NH. +1.50,+2HCO; —

Nitrosomonas 2HoCO3+H-O+NO2™
Oxidation — B

NO2 +0.50, — NOs

Ntrobacter
Oxidation - NH. +20,+2HCOs —

Overall NO3z +2HCO3+H-0
Synthesis - 138NH,+23HCO; —

T1ONO2 +3CsH7NO2+19H0+8H.CO3

Synthesis -

Nitrobacter

NH,"+10NO, +4H,COs+HCO3  —
10NO3 +CsH7NO2+3H20
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Table 3. Neutron poison of affecting nitrifying bacteria

Organics Inorganics
Thiourea Zn
Allyl-Thiourea OCN™
8-Hydroxyquinoline CLO,™
Salicyladoxine Cu
Histidine Hg
Amino acids Cr
Mercaptobenzthiazole Ni
Perchloroethylene Ag
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MEsIN g2 HA0I=2(Nitrate ion)E Nz, N:O, NOZ SR AIHA A= 3

HOICH €&ES0U &20dl= DIME2 Achromobacter, Bacillus, Brevib-acterium,

|’HJI|

Micrococcus, Pseudomonas SOILt. 0|2 Old=2=2 58 0I4=S0ILh 012
CHSBERI B TFAAHIU =M dk= 80%0] 40|

e 5JI4, 4 I8, I8 So=2 C
SHEIIHOR YN AUCL OIS DIMSSS RIISHSSS MBAIIEH B
=1 L

SHZ2AH MAE 0lEot=dl, &0 L 258 MdEUIM=E 4L S ES G
0, OlfollE ABXNLEBHZAN 35t O2 AFE SHEHO M4A(NOs SO, S)E
Ol =2&tCE AL MEHUIM AAS EMle 84 D14 D22 SEUHM &b
422 SHoHH Tedl, 01212 ASEULSZEMZA ststdoz2 Zete AL
= EEUAE 0EE M 4 0 ®2 HUHXIDO 2460 O Oetd 22 2
WA= EEELLIE EMGEHA £0H0F 80t €23 BHFE 2HHE AHAXl=d, & &
He MY HANA OFRAS EARO 2AWFY = FA0| NESHN Ze
St IUXIE =0 ME&= JIEZRH Ot2MEoz FMatt = UFOICH RE
A MA ZHelOt= 0 H B BtE2 MHAESZM OtEAES MASCH S
M SH= E2A0MANK & e S22t 8= HAE SO = ChAl 2ol Ot
ZAHEO0l N2, N2OZ MAHE= BHEO0ICH. 28 0l & SHE Nitrate dissimilation
& = respirationdOlet ot=0l, OIS (Micrococcus, Psuedomonas, Denitrobacill
us, Spirillum, Achromobacten&2 R&th 200N 2E MU=EME A E &t
8 EAE AMSEL €& giHi2lots

£t =3k Assimilation)et? & Z2A 0
OloH ORI AIS MIEZEAN RS UDLI0tAE EAZ MSAIZ £ AOLE, H LY
F A& 2R 02 =20l03H BEE 20 LIA 2=C0).

s=&D
o, MSEAE AZLIO0HIA &3 AI= & WAEZ Nitrate assimilationOl2+1]

o

Ol

b
=0 o210 20dtl= DIME2 Neurospora, Achromobacter Aspergillus, Lactob

acillus, Escherichia coli, Azotobactert ULt.
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C e 5COlotA=E =20l Zastth 5 ~
250 10T 3ot [ = 283 S ®et
Al

(3)°] Arrhenius 25 2HZ2 T8,

OIIM, K &&= (mol/L)

A d=
E : 243 oldXl(cal/mol)
R : JIMIA4= (0.082L - atm / mol - K)
T: 2=k
LH pH & 22els
SEAS P88 LTI MHL = BHSOICH Table 4= H&td FAIF 24
tAaz 22401 0I20E M EtaH(Carbonic acid)2 ZEHAH(Bicarbonate) 22 H
BEIC) Ol2X oz L&e|Eo MH2ES2 3.57 mglas CaCOs)/mg Nreducea@ Ol, &
HMZe 2.3 ~ 3.0 mglas CaC0s)/mg Nedued BRI0I UCH". L22col My
ANAESl pHE =0I01Lt, ZASe S&E AAHQ HRE 222: =42 s
HE AMAIZ = UL EEHASO FE pH=E EMol= bacteria?l SFU Hi=
W 20 et LetXiXe 8BS pH 7 ~ 8AIOIOIA ZHECH Zag Hel 23
Ol EEASIS 2 A pHOl JIZH 2B 2 SEs Zd3S 2 2L

_12_



Table 4. Relationships for nitrate dissimilation and growth in denitrification

reactions.

Reaction

Equation

Nitrogen dissimilation

Nitrate to nitrite

NOs + 0.33CH30H
= NO2 + 0.33H20 + 0.33H2CO3

nitrogen gas

Nitrite to NO2  + 0.5H.COg3
nitrogen gas = 0.5N, + HCO3 +H-0O
Nitrate to NO; + 0.833CH3zOH + 0.167H.COg3

= 0.5N2 + 1.33H20 + HCOs

14CH30OH + 13NOs + 4H2COs

Synthesis -
denitrifiers = 3CsH,0:N + 20H,0 + 3HCO5
Ch) S&4tA
SA DMESS SEAMAI 22X 22 MHONA NOs L NO, 2 ZEMIA
27 Z 0I256HK0F EEAAIF ENlots 22 U2 RIELENB0 Y2 =X
A U= MAE ASEHH =Y.
= 5J|H 5E02 [ U2 ATPII ISHE 4 UD PAAAMENDCH SI|AEH
A &2 0|MS MA0| M LOIRICH 01210 &G BH=20| ALAS 2T AlO)
oF 20oiLl= 0180(CHY.

_18_



Table 5. Comparison of energy yields of nitrate dissimilation vs oxygen

respiration for glucose

Energy Yield per mole
Reaction

glucose kilocalories

Nitrate Dissimilation
5CeH 1205 + 24KNO3z — 570 Kcal
30C0O, + 18H.0 + 24KOH + 12N>

Oxygen Respiration

686 Kcal

CsHi20s +602 — 6CO, + 6H,0

DO SSJ 22 220 ZH0 osts 540 80, 279 &2
% MBS S50 HES MilctE 8429 SEE 0.2 mg/L 0/422 81
o &g MEtsls MA sEJH 03 ~ 1.5 mg/La HIAIBER T, A
NO,” &2 DIME2° A0 MHERE 2O3|=0l, A2 NO; 9o &2 04
Che NO, 22 DIME0 O 2 MolRE2 Lo2Itts 20| HaRCE. 59
SH=So DO NoO2 2Mes ZAA2ICHD SHRCHEY. €8 NO,” &2 0|4
13% Z3ts 0 DI26ILE NOs B D22 AAN 2 D126t 13% Z 3

=
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b 80l OI20{X1D QUCHSakadibara and Kuroda, 1993; Felekke, 1998)". &
BiMoz I 22 882 S8 AH0A floc, 89, &2 L= 2AME =
20l OIFHXNAX &2 &4 =Xl SE&AIE 0IMZ cluster AELZ SHAtL]
=0 Hets 20F R4t MNEHZ E D 20 LHHCH Olefst SPakA AMEK

= & £ QUCH floc AI1I9F 150 wm HAH S|

Of H
| 2O0ILDI0 S=2e AL dEE NS

Ol He=z e 5
Aoz B[ L HIZ 01529 HIEAM(specific activity)0] && =2 212 OFLIX
OF, AA =30 UN e JEH AYS JHE o=l sS28 &2 ole
JHoz eI

2) S8 d2 D|ME20 28t 8|14 ammonium AHSH

E 2 EAIS DIM20] 8IIE AIZ 288 & S0l %8 FCH Bock™ S0
Olol MNitrosomonas eutropha2l &I1& HAF ZEZ0l 288 ARIF KHAIGI IR
0, 2l &JI& ammonium &322 1.3 x 107° mol NH4'/kg protein - s2 LIE}
StCH Ammonium2 2 26 &tgtE nitite(E= NO)2l 40 ~ 60%JF EAdtAZ &

& e n, s2t MA=Z2 N.O £ hydroxylamineOl Z& % JACH  MNirosomonas

eutrophas L8t NO2I &M Al S&48A &I 3 ~ 4 mg/LEl €& sE2
INeE Hez2 210 HUCH 0152 UM MAE nitrite 2 50%It SI|H
HEHOMN 24 JtAZ2 EE EUCH RE2 NitrosomonasSl S Uit ===t 2F0ll
UA AtAIE HISHE AEH0IA ammoniadtl nitrite@t &M nitrous oxide2t &4 It
A2 MEE=E 20| 2EFEJUCH
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[l
oq
0%
0¥

ol EA0N 2218t Klebsiella pneumoniae Ol

Table 6. Composition of synthetic wastewater

Components Concentration Remarks
Glucose 30 g Carbon Source
NH4NO3 19

Nitrogen Source

NaNOs3 2.13 g

NasHPO412H-.0 15 g
Phosphorus Source
KH>PO4 3 g
NaCl 0.5¢g
MgSQO47H-0 0.2 ¢
Minerals

FeCls6H.0 27.03 mg

Na:MoO42H.0 2 mg
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2) E4HiX

o= B0 At=st EoitiXlel X&2 Table 61 220, MgSOs7H.0 &t
x A

NH.NOz= Y& 2 XHIGH0 autoclave@ ARst & A5 CHY,

2. 4™

I

1) Aerobic culture

Table 62 BHXIAAO Agar 1.5%= &JIot St DHMBHXIN K pneumoniae
72 T30t GtF0I& st = BHEE K pneumoniaed S ZEE 10 ml X
AHHXIO EESHH 12A12tS0C BHS = CHAl MZ& 10 ml HAHHXIO & b
M 1%E TBGHH 12A12tS0F CHAl BHYSE F =2 A& S0 2 AF
500 mL &=2Z2c2tA30 150 mLel BHKIE €10 K pneumoniae & HHLM 1%E
1 E0t0 30COHA 140 rom 22 ME HILGHRACE. C/NUIOI THE NOs-N2 HIA
= EoI5t)| fI8t A& 2 glucosed =& ZEGHHAM C/NHI 2.5 ~ 34.30|
S OIRCH, EARS )| =50 HE HASS2 LOotED| <8t 4E0A
BHXI & NaNOz2l =&E 50 mg/L~700 mg/LOl &= ZZESHK(C/NYI:5),
NOs-NE =HGIALE. 0I0HAM 25 mg/L~700 mg/LOIA NOs-N=2 Mot SOt
COD % GlucoseE 0tLt 0IEot=AIE ZESIALE. AR OHE HMHE=S
0I5t fIet AWM= BHRIS2 glucose 40l methanoldt acetateE AFEZ6tH
AUCH. K pneumoniaell Z=J| cellsZll & AEUHM=E HHLEHZS 0.5%, 1%,

2% % 4%It H == HSotRLH

> o)
02
noro 0e J

I

fol
H1 o 0

=

0

rr

=2
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OD (660nm)

—@&— Optical density

6 9 12 15
Time (hr)

18 21 24

Fig. 1. Effects of Aerobic culture on cell growth.

2) Stationary culture

fo
o

ot 30COIAM EXI BHGHRULCE Ea

=

¢}

ctAZF0 150 mLel BHXIE

FRACHC/N = 5).
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AN A
NOz-N= =

&l HOIR D, Glucosel s&E= &2
=Zol= DNS

3
D
=5
(@]
o
5
=)
=]
at!
I
0
_O'j
2y
=

Table 7. Analytical methods and parameters

ltems Analytical methods
pH pH meter, TOA HM-20S
NHs—N Indophenol method
NOs—N UV Spectrophotometric method
Optical density UV Spectrophotometer (660nm)
Glucose DNS method
CODwn KMnO4 closed reflux method
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1. C/NHIOI & NOs-N XA

Fig. 20il= C/NHI B3t E NOs-N HMH BstE LIEHURAUCH = dEUHAM=
glucose2S Eelot0d C/NHIE ZEGIUH, A& = Klebsiella pneumoniae @
ABSHE Fig. 30l LIEHLHRACE. C/NHI 2.5~100lMd= 9AI2E B &2 |lag time
Ol ZR5tH 0l =0 NOs—NOI MAHEDIl AIXSIH A& 18AI2H0= &F NOs—N
f 207.4 mg/L, 7.024 mg/L, 7 mg/L 22 22 41.3%, 98.3%, 98%
. C/NBI 201 34.30lA = lag timeOl 2f2F 12A12t0F 18AI12t2 & C/NH|
Jl NOs—NOI MAHE= Al2t0l XA RA2LE C/NBI 34.30ME &
91.5%JF MIHERJLCEH &E, C/NHl 2.50 HR20U= SHA) BFC
2 Q1o =J] NO3g—N2| 41.3%8t M AHE UL

rr b

400

g
(=]
E
z
I("J
®)
Z . .
—e—— CIN25 \ \
100 - v ........ C/N 5 V \\ \ \
———®—— CIN10 oM ‘\ AN
——>—=- CIN20 N Y
— —A — CIN343 o AN N
Mg )
0 3 6 9 12 15 18 21 24
Time (hr)

Fig. 2. Effects of different C/N ratios on NO3z—N removal.
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Fig. 3HIAM 2H
0I0 AlZIOI Xgx==

HlDI_JH Lo

/] IT

LHOI C/NHI 2012+ 2 Akst

C/NH| 2.5=
o ol
Optical densityE
Ct. C/NHI 34.3 &£

at

S UEH HeZ2 =0l

22 NOs-N MHEY 2 Optical densityE
S Itot Xl
SO0l XI8F C/NHI 50 HIaH
st CtE C/NHIE0l didah ==

2= FHME ERCH C/NHI

=2 cell growths
cell growth 2

Oldiet 2E

Klebsiella pneumoniae @01 NO;-N2 =2 MAHS=1l =2 cell growthE LIE
= E& C/NHl= 52 AIS=IC}.
2.5
— e — CIN25 .
v ........ C/N5 //
204 | ——-®—— CIN10 o/"/../”//
——O-—--  CIN 20 -
— —a&—  CIN343 -

OD (660nm)

Time (hr)

Fig. 3. Effects of different C/N ratios on cell growth.
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2. COD ¥ Glucose® 93t

Fig 40l= C/NHI0 [HE CODS HEIE LIEILHRYLE glucoseE SdlotHA AR

= C/NHI 2.5¢
C/NHl 100id=E & 71.5%2 HHES
212t 36.4%%t 17.24%Jt HIHE= A2
gg COD MAEg=2 22 6.79

[y — —/ T/

al

=

5.37 gCOD/gNO3-NOIO, C/NHI

8% 70.7%2 CODMAHE UEIH2O, C/NHI 501M 68.1%,

FEF S0 C/NBI 201 C/NHI 34.30AM =
£ UHEFSCE C/NHI2.52F 50 NOs-N 1
10+ 20=

12.05 ¥ 11.49 gCOD/gNOs-NOI12, C/NHI 34.32 9.3 gCOD/gNOs-NOILCt.

20000
18000 -
s
b e
16000 .
—
14000 - —A
—e—— CIN25
4 12000 - P CIN5
g e ———#—— CN10
£ 10000 = — o O —- CIN20
5 ~._  ——~— CIN343
3 8000 T~

Time (hr)

Fig. 4. Effects of different C/N ratios on COD removal.
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Fig. 50l= C/NUHINl [Z2 glucose BigtE LIEHRAJALCEH. C/NHI 2.50 A 91.68%,
C/N 50lA 96.8%, C/NHI 100IA 70%, C/NHI 201 C/NH|I 34.30 A= 22 37%

QF 24%°2| GlucoseE

2=0|

Glucose (mg/L)

O0I=20t NO3-NE HHols 2=z LIEROH Fig. 2001A

C/NH| 34.3= 94.8%2 NOs-NE HMHENZ 2736tD 24%° glucoset

= O0IS0otRUL.

35000
30000 #&—
— A — —a
—A — ~~ -
\ \
25000 A ~A
—@&—— CIN25
20000 - g CING
o ———®—— CIN10
T~ — —O>—- CIN20
15000 ~._ ——A— CIN343

Time (hr)

Fig. 5. Effects of different C/N ratios on Glucose removal.
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NOs—N, COD ¥ glucose H3}
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Fig. 61 Fig. 70l LIEHLHRUACE.

T35 IS
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Fig. 6. Effects of different nitrogen concentrations on NOz—N
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BHKI & NOs—No| =%E 50 mg/L ~ 700 mg/LO|] T &= X&GIH L], C/NHI=
b2 Stx=( AlEsIHOH. NOs—N =5 700 mg/LUIA= 15AI12tSQF 97.6%JF Kl HE
A 350 mg/LOI A= 9AIZE BHOIl 97% S MIHGIRICH 012F &2l 175 mg/L 2F 50 mg/L

S 24N2H0l FVE0E 2761D 22 55%, 90%2 MHEH0 LIEHHT RFC
Zolsts 2 & UYCSL Al

Fig. 70lA cell growthe= NO3-N2 =50 Hldloho Sig= = U
2t01 R0l et cell growthe O 014 SASYK e A2z SOl AULCT.
3.0
—e&— 50mg/L e -
2 5 d v ....... 175mg/L ’/ \\’
' ——-&-—— 350mg/L -
—-—& —-  700mg/L ../
2.0 z/ .,,———I- ------ .’,,—I
/
1.5 /!

OD (660nm)

Time (hr)

Fig. 7. Effects of different nitrogen concentrations on cell growth.
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A= NaNOz2 EARCZ oIV 2 M Klebsiella pneumoniae 0l 2|8t
AAsCl 2 MH s8ES ZAGHH COD ¥ GlucoseE &0t HIWak
6000
—e— 50 mglL
5000 _>_- ........... q ........ v ....... 175 mg/L
- ——-#—— 350 mg/L
N ——>— 700 mglL
4000 - \
- N
o AN
€ 3000 - A
a5 S
()]
(@] - -I\ =~ ~
O N =~ ~
2000 - N ~o— J
N
Koo 7. \\
1000 \\_
S -
T\.\i .......................... v ARRERRRRITTTTOPPOPPPRPPPR A;
O T T T T T T T T 1
0 3 6 9 12 15 18 21 24
Time (hr)

Fig. 8. Effects of different nitrogen concentrations on COD removal.
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Fig. 80K C/NHIE Htx2 LAEGIH L= @l EA=sZ0 et glucosed=
XEGISLCE glucoseE Mot=O AFE&ZE= %= COD= 700 mg/L OlA 64.3%,
350 mg/L 2 175 mg/L = 74%, 77%E 50 mg/L 2 25 mg/L = 76%2 71%=

ES
Jl BASEO ED WSD ABI0l HIXE YNOZ CODE 2ilcts AHOZ =

20
L

QICH.
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Xl
ot

I 20l 28 NOs-N M2 =0l LEfE Fig. 61 Bluwot Fig. 92

r

glucose2l HH LAM=E = I IsT0HAHE glucoseE 0/&atH NO3-N=2 MIJHoH
B H=sT2 NOs-N MEHUAM= 288 glucose0l UASH T 2+76t2 NOs—N
2ESH HAHEKX 2= 222 LHEHSCH
10000
e —e— 50mg/lL
Q ........ LV aTea 175mg/L
8000 \ ——-#—— 350mg/L
g —=O-— 700mg/L
\.
= 6000 ~
E \
2 N,
3 e \
S 4000 A RN \
0 N .
\\ \0\.
Yoo AN ~.
2000 4 e N ~.
Ve AN ~.
\ —
SN No—
e e
04 . . : . S R A R Y
0 3 6 9 12 15 18 21 24
Time (hr)

Fig. 9. Effects of different

nitrogen concentrations on Glucose removal.
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LIEFH HOICH Fig. 100M GlucoseE EtARZ S BIXI2l NOz—-N=2 24A|2t

4, Bt
Fig. 103t 112 EAR Yool HE Kebsiella pneumoniaed 2
2AX3 HAH AL, Acetate= 24.4%2F HIH EHJ2O, Methanol2 && X

110l GlucoseOll 2/5t04 0|24 =0|
ZH 20X Z20 Methanol2 HS O|M=So| =AlI0| &

&l

—

NO,-N (mg/L)

[0

H 5}

2 RACH Fig.

LIEHSE

=2 o
SOt SAEZS

—/

Ct.

400

<<~<~'~_..&.__,“_ —_——— SERTEEEL, U
o 0 Ze pi—
300 :
'y
200 A
100 -
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0 5 B ’
| | I : y T T 1
0 3 6 9 12 15 e - B

Time (hr)

Fig. 10. Effects of different carbon sources on NO3—N removal.
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Fig. 10t 112 EtA& HHSIUl M2 Klebsiella pneumoniaec 2l =& EtARAS
LIEFH 240I1CH Fig. 110lAM GlucoseE EARCZ AIE8 A 0D g0l &JIot
01 12AI2ZHRH0IS ODZLOl 2.00M Al S5t oL DIMZ20] SAIGHH Acetates &
N ALSOH ZAES HH BOIX %20 Methanol2 HOl DIME9 ZAl0| gl=
o2 UEHCH 2 SY0 26tH SSHIH AOZFNA o8 BFAZICR HE
22 0I85l0] PULXNAM & I8 FA(TINS MHsts ARZ VI 20
HE QUCHY. ole g2l 2 AR0ME EtA2902 Glucose(C/NHI:5), Acetate(C/N

HI:5), 12l Methanol(C/NHI:5)
mg/L 2 & Z1, C/N Hl 50k
Methanol2 EtAROZ HEGHA

OS2 = Glucosedt HEst 2122 LIEFLE.

AtE SIS, BHXl & NOs-N2 s&+= 350
SAEOIX 22 AS2 B0 Acetate®t

O WM, Klebsiella pneumoniaed 2l =& EtAR

e Z o
o
Qb

—@&— Glucose
Acetate
Methanol

OD (660nm)

Time (hr)

Fig. 11. Effects of different carbon sources on cell growth.
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5. =] cells=0 & Y3t

tol

Id= =J| Cell &0 HE NOz-N HH HEE
. 123t Fig. 130l LIEFLHRACE. Fig. 120l =D| cells &
OF 12AI2ZEBH0l MIAZRR2U, 0.5%E EEotS Mills 24AA4EB

]

“ >
0Q
f==)

o

N

IS

to

N

3

i

b

OB

el
M FO 2 1 [
fio
8

ALEULE 0l RAEH ARZ Pseudomonas aeruginosasS 01Eo6t =J| cell
sT0l et &8st 2 EEcte cellsTIF 228 NOs-N HMHAIZEOl SEE L
2%0|AH01 B NOs—NMHAIZFO HIZ=otH LI AR BOSHE QUCHS.

400

—®—— 0.5%
1%
2%
4%

300 A

200 A

NO,-N (mg/L)

100 A

Time (hr)

Fig. 12. Effects of different cell concentrations on NOz—N removal.
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Fig. 130IM cell growth= cell?l s=0 M2t 46t
cells=2 HIONE =2Fot] =S cellsEe= HI=xst =2 LIETUWACH. T 2HA
NOs—-N HMH &= =J| cellsT 0l 2ol FekE2 X2 £F cell growthe B3

ot el A2z &olg ULt

= =50t wEXes =7
2

2.5
o
2.0 -
<&
Iy
S 15 - S
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o S/
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I/
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Time (hr)

Fig. 13. Effects of different cell concentrations on cell growth.
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6. XSEH0A2 NOs—NE 3}

2 AMSAM Fig. 14= K pneumoniae & BHZH 1%E HZE6I 30C WA H
X BHLGIRUCH EAR2=2= NaNOsE AIESotdd, s&= 350 mg/L & otUC
(C/N : 5 SAI 2ot E& BEE0 28 A7 2100 2ot DO=
SOl W2t NOs-No MAHESE0l ethl=0 DOsEI 25 NOs-NE M1t
= &80 M HX= 222 B0 Ht ACPY. 01t SABHH 30T OIA 140
romeE HIZEH Fig. 62 350 mg/L 2F Fig. 112 GlucoseE 0|88 it A
HAH &8s HulsS M X HEHHA2 NOs-N2 HAHASE=2 98%= Ci2t =S
Optical density?t &3 22 & SII|I&EHA SUE X0|1Jt s RNz HZA

Ct.

0
o
o
00
i
o
U o>

400 - 14

NO,-N (mg/L)
OD (660nm)

0 -r T T T T T ‘ q 0.0
0 3 6 9 12 15 18 21 24

Time (hr)

Fig. 14. Effects of stationary culture on NOs—N removal and cell growth.
@®:NO3z-N (350 mg/L) A:Qptical Density (660 nm)
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7. NH4—N&2t NOs-N SAIHIA

= &80 M= NH CIE NaNOsE 0180t =D 2UL0td 2AsEE 150 mg

/L, BB A =5 350 mg/L, C/NHI S&EHOIA NHs—NIZF NOs-N2|

3tE Fig.
1601l LIEFLHRALCE.
400 3.0
Voo v
A 2.5
= 300 -
U’ .
E —aA— Optical density 20
v £
pd .
Im ’ B g
®) —e— 150mg(NH,"-N)/L 3
Z 200 A i 15 ©
= .y 350mg(NO,-N)/L =
S o)
z
K 1.0
<t
< 100 -
0.5
o | | Vo G g g
0 3 6 9 12 15 18 21 24
Time (hr)

Fig. 15. Effects of C/N 5 ratio on NHs—N and NOs-N removal and cell growth.
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®ol  pseudomonas aeruginosadl 218t NH4s~N 2 NOs—N2 = Al K20
220 2dtH NH,=N 175 mg/LOt K= 30AI2+2HN &G HMIHE AL
S0 Ht UL BtAH, Klebsiella pneumoniae &0l 2|5t 350 mg/L2]
NOs—N= 12A12F2H01 MIH JtsoSHRISE, 150 mg/Lel NHs~N= 24A12tSCHl 50%
HEO HHE A2 LIEHGCH Fig. 158 83 12A12F XY & NH,-NJF 2 75
mg/LE O 0l& HHEX Z= ANOS=2 B0} Klebsiella pneumoniae =0l 2|8 SA
st €22 JlUoIllE 3 O X2 A8s St AR MO0F sttt &
=IC,

-

ct

—
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2 Mg ME Klebsiella pneumoniae @2 MEgAd=E ASGIRLCH Fig. 162 =
Il AS9 ME, O2|10 24AI2F 9 ASHD HEZo &A

M NaNOsE 0I&0t0 C/NHl 5 JIELE £E

o
o
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Jal
I
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o i

70 T T T T
60 - I [nitial
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> 40
E
z
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20
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Fig. 16. Analysis of T-N in cultural supernatant and cells.
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0I2 HI=3tH Pseudomonas aeruginosa @0l 2|ot0 64%2 HAE €& Al2!
GIRAI BDEAHE HF QL20%?, Alcaligenes faecalis No. 40 2501 E&H
=30l Ot 4 L HAQI20] S5Z L 2its SIIEES Sl
1, 90%0140] OHEEH A JAZ HIEE ARZDIF 208 bt ACH
Ve NHNO:ZE 0185t04 £ T-N ¥2 70 mg2 AFE8H T2 HHXIOf
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Z 0t

i

ZAS BES O Qo0 M
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