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ABSTRACT

A Study on the Simultaneou Removal of NH,* and NOs~
by Pseudomonas aeruginosa

by Kim Se Young

Advisor @ Prof. Kyung—Hoon Choeong Ph. D.
Department of Enviromental Engineering,
Graduate School, Chosun University

In an effort to develop a new method to remove nitrogen, this study
examined the effects of C/N ratio, carbon source and nitrogen concentration
on the simultaneous removal of nitrification, denitrification, NHs" and NOs™ in
synthetic medium with the use of Pseudomonas aeruginosa separated by Kim
and others.

The following experiments were conducted. 150mL medium was poured into
150 mL flask and then P. aeruginosa was inoculated into culture fluid (the
content of culture medium was 1%) and left in the 140 rpm shaking
incubator at 30 C. In an experiment to investigate the removal efficiency of
NH4s" and NOs;  according to C/N ratio, C/N ratio was maintained between
2.5 and 34.3 with the control of glucose concentration. In an experiment
investigating the removal efficiency according to nitrogen source
concentration, NHsNO3z concentration was controlled to maintain between 50

mg/L and 700 mg/L(C/N ratio : 5). And in an experiment to evaluate the

_Vi_



removal efficiency according to carbon source, methanol and acetate were
used instead of glucose (C/N ratio @ 5). In an experiment investigating the
removal efficiency according to the speed of shaking culture, the speeds of
shaking incubators were set to 60 rpm, 140 rpm and 200 rom. And in an
experiment to evaluate the removal efficiency according to the early cell
concentration of P. aeruginosa, the contents of the culture fluids were set to
0.5%, 1%, 2% and 4%. From the analysis, the following results were
obtained.

When C/N ratio was higher 5, it was possible to remove nitrification,
denitrification, NHs—N and NOs—N at the same time. For the simultaneous
removal of nitrification, NHs—N and NOs—N, glucose is appropriate as carbon
source. However, for the removal of denitrification, not only glucose but also
acetate can be used as carbon source.

According to the results of the experiment according to early nitrogen
concentration, about 85% of nitrification was removed at NHs—N 350 mg/L. In
the case of simultaneous removal, only about 74% of nitrification was
removed. As for NOs—N, it was completely removed at 350 mg/L 700 mg/L.

As early cell concentration get higher, NOz—N removal time was reduced,
but when it was higher than 2%, NOs—N removal time was similar. NHs—N did
not show any response to the changes in early cell concentration.

The results of the experiment according to the speed of shaking culture
found that NHs—N and NOs—N removal time was similar when the speed was

faster than 140 rpm.
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hydroxylamineOl MAZIJ|INX UK =2 20, A(2-1)0 HMAI=E ot

e &0l NHOHIJF NO & ¢totElz= WHE2 cytochromeHE E&ot=
semiclical 2&0] RFE0O, Ol HIZA OF&AtE & A(NO—N)IF MAEECH
6)7)8)

NH.OH + O — Ho + NO2 + H.O +Energy (2—1)
OFEAE EA(NO-N)O ASIANAME HHE SU=EE MACX 2=
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Fig. 1. Oxidation of nitrogen species during nitrification.
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Table 1. Relationships for oxidation and growth in nitrification reaction

on in relationship to the carbonic acid system

Nitrosomonas

Reaction Equation

Oxidation - NHs"+1.50,+2HCO; —

Nitrosomonas 2H>CO3+H0+NO2~
Oxidation - B

NO, +0.50, — NOs

Ntrobacter
Oxidation — NHs +20,+2HCO;” —

Overall NOz +2HCO3+H.0
Synthesis - 13NH,+23HCO; —

10ONO, +3Cs5H7NO2+19H-0+8H-CO3

Synthesis -

Nitrobacter

NH,"+10NO, +4H,COs+HCOs  —

10NQO3 +CsH7NO2+3H20

Zoteh ARtz S250IL 222 RIS 55 & = U2, 0l
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Table 2. 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
Trichloroethylene
Abietic acid
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Table 3. Relationships for nitrate dissimilation and growth in denitrification

reactions

Reaction Equation

Nitrogen dissimilation| NOs; + 0.33CH3;0OH

Nitrate to nitrite = NO2 + 0.33H.0 + 0.33H2CO3
Nitrite to NO2 + 0.5H2COs
nitrogen gas = 0.5N2 + HCOz +H0
Nitrate to NOs + 0.833CHsOH + 0.167H2CO3
nitrogen gas = 0.5N2 + 1.33H20 + HCOs
Synthesis - 14CHsOH + 13NOs + 4H.COs

denitrifiers = 3CsH;02N + 20H,O + 3HCOs
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Table 4. Comparison of energy vields of nitrate dissimilation vs oxygen

respiration for glucose

Energy Yield per mole
Reaction . .
glucose kilocalories

Nitrate Dissimilation
5CeH 1206 + 24KNO3; — 570Kcal
30C0; + 18H.0 + 24KOH + 12N2

Oxygen Respiration
CeHi20s +60, — 6C0O> + 6H°0

686Kcal
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aeruginosa AE-1-30ILCt.

Table 5. Composition of synthetic wastewater

Components Concentration Remarks
Glucos 30 g Carbon Source
NH4NO3 19
NH4ClI 1.34 g Nitrogen Source
NaNQOs3 2.13 ¢

Na,HPO412H,0 15 ¢
Phosphorus Source
KH2PO4 349
NaCl 0.5¢
MgSO47H.0 0.2 ¢
Minerals

FeCls6H20 27.03 mg

NagMOO4'2H20 2 mg

_16_



2) EHHHX

== ol ArEset

NHiNOz= 2= X HIGHH autoclavez & st = AIE0HILC.

ol XI2| &2 Table 52 Z2MH, FeCla6H0%t

gl

2. AEYY

1) Aerobic culture

09_
o

500 mL &=2r322tA30 150 mLel BHXIE €1 P aeruginosa &

I 1%SE ZSG6tH 30 CTOHAM 140 rome2 &Y HHLSHACH C/NHIO
F2 NH, 2 NOz 9 MHESS 20I5)|RAst AE2 glucosel 52 X
ZotHA C/NHI 2.5 ~ 34.301 TS otACH EARS =50 HE MHE
2 202D ?I8t AdEUM= Xl S NHiNO:2 s=5 50 mg/L ~ 700
mg/L0l T&F ZHOIALD(C/NHl : 5), AN HE MAHESEE =0l
Flet AEllA=E BIXIS2l glucosetH&l0l methanoldt acetateES AtEot AL
(C/NHI : B). X2 speedll ME HMHEE AE0W M= shaking
incubator2| speedE 60 rom, 140 rpm % 200 rpm2 =2 oA,
aeruginosa2lZ=J| cells=0l [E AWM= HHEHS 0.5%, 1%, 2% H

4%t == ESotALh

UA

o

OH

r

Ry,

2) Stationary culture

AE2 500 mL A=A A0 150 mLel HHXIE E10 P aeruginosa &
HHOH 1%E EE6t0 30 COHIAM X HHLGHUCH HAAOZ = NHNOE
AMZESIFR D, s== 350 mg/LEZ BFICHC/N : 5).

ol
8
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28 MEE =24 g5 & 24 Y-S Table 60 LIEILHRAUACH A& &

A ogte AXQADMAIHHD Y DNS method™ ol 2HGH0 =245t

Table 6. Analytical methods and parameters

Items Analytical methods
pH pH meter, TOA HM-20S
NH4+"=N Indophenol method
NO, —-N Diazoha method
NOs =N UV Spectrophotometric method
Optical density UV Spectrophotometer (660nm)
Glucose ONS method
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fUal
o

v. 22 2 1

1. NHs=N HA

= AadldE NHLCIZ AR 2 otUE M Pseudomonas aeruginosaz Ul

ogt V| EAsZ0 E HMAH s5S Aot AL A8S += otfil, 11 &2

ot= Fig. 22+ Fig. 301l LIEFLHRALCE.

750JF
700 v—.. ~ —@— 50mg/L
650 \ ........ O neee 175 mg/L
500 | \ ——-v—— 350mg/L
500 1 .
—_ ~N
1 i b
- \
£ 400} v ——y
Z 3s0¥-—— o
' “ \V
% 300 - \ [N
..... -
250 \\ o
2OOE V\\
S o v\\\\‘\\
100 o s S
50\2 ........ Ty
O Oy
0 I ‘ ‘ Q ...... Q ............ O O
0 6 12 18 24 30 3% 4 48
Time (hr)

Fig. 2. Effects of different nitrogen concentrations on NHs—N removal.
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BHXI & NHs=N2l &5 50 mg/L ~ 700 mg/LOl &&= ZESILH Ol
I C/NHl= 52 AEotALL Fig. 2= NH4s-NS =5 175 mg/LOIGHOIA =
280l MHES 2 = AU, 350 mg/Let 700 mg/LUHIM= 22 85%2t
65%82t M ZIALCE Fig. 301 Al cell growth= NH,~Nel =%=0 Hldotd S

tgs 2 = A/UCH oK NHe-N2l =5 350 mg/LOI&f0l =& cell

0

-

growth= H|=06}%iC}.

25
—e— 50mglL /}‘__1__T:$
s o s 175mg/|_ v//../v—_“’“_v_u
204 | ¥~ 350 mg/L ///V"/
S| == 700mgL v
/ N POPPPE 0 SETRRTRRTaeE C
‘S 15 4;'}7 o
5 ¥ o
S /o
S 10 /g

Time (hr)

Fig. 3. Effects of different nitrogen concentrations on cell growth.
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Ol HE Pseudomonas aeruginosazt2l A
EtARS DAOIRISH, 1 Z0t= Fig. 42 Fig. 501 LIEHHRUCH EFARAS
Z= Glucose(C/NHI @ 5), Acetate(C/NH| : 5), el Methanol(C/NUI
5)2 MESIR2M, HiXl & NHs-Ne s&= 175 mg/LE2 GtRALCEH

200
180 4
......... iv——V\\\\‘,_——*\\\1____'____'___4,
160 ©
140 -
Q..

120 ~ ' —&— Glucose

Q O~ Acetate

—¥— Methanol

NH, - N(mg/L)

0 6 12 18 24 30 36 a2 48
Time (hr)

Fig. 4. Effects of different carbon sources on NHs—N removal.
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Fig. 40lM Glucose= 48AI2+2H0I 2tXSl MAHIE &Y 1D, Acetate= 73%It
HMAH EA2M, Methanol2 M MHIE X LRULH Fig. b= EHARSZ
Methanol2 &JI otfE 2= =& C/N HIEE 4.45 g COD/g NOx—NJI}
Q7LE Ao AN YCPY. = AH0| C/NY HIBO0l 500 H& 4

oK %2 Ao Bl EHARKROZ HESIA 2O M, Pseudomonas

ol

aeruginosar 2l =& BAAOSZ = Glucoselt H &6 L.

20

15+
S
S —e—a
3 104 ucose
© -0 Acetate
Qa —¥— Methanol
O

0.5

0.0 ¥

0 6 12 18 24 30 36 42 48
Time (hr)

Fig. 5. Effects of different carbon sources on cell growth.
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3) =Dl Cells=0l @& Y3t

2 MElid=E AE=xII2 8T cell s&0l HE NH,~N2 MAHHSIE &

, 1 2= Fig. 61 Fig. 7LEILHACE. Fig. 60IM & EatE cell

T 0.5% ~ 4%° BT =+otd HAHAIZH 2 B3I 10| 42A12,
ABAIZFEHOI =& 0l MIHEIRACE ¥ Fig. 70M cell growthe =JI cells
SOl HIME 270t =SB cell s&&= Hl=x& 2= UEHUHRUCH WetA

NHs=N HlH= =J| cells=0 &= & E=0

O

BA
4

>_

rr

t= =lC

NH,-N(mg/L)

Time (hr)

Fig. 6. Effects of different cell concentrations on NHs—N removal.
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OD(660nm)

25

—e— 05%

........ O 1%
204 ——v— 2% —7 —
15 -
1.0
0.5
00 {I T T T T T T T

0 6 12 18 24 30 36 42
Time (hr)

Fig. 7. Effects of different cell concentrations on cell growth.
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4) NHs-N HIAHOI @& NOs-N Bt

0

= 2E0AE NHCIE 2ARCZ AFEGHH NHsa~N HAHO [HE NOs—N
HatE A otAdl, 1 2= Fig. 80 LIEHUHRUCE Fig. 80IA NHs—N2J
SE= 175 mg/LE otRAL0, MH Al2t2 48AI2FEH0I 2861 KA ERACEH
OtXIEH NOs-N2 &ol M4A TfX HpUCH Mets Zotst BH201 S OILEAL &

S22 2 & UNALH

200 25

OD (660nm)

NH,-N (mg/L)

Time (hr)

Fig. 8. Variation of NHs=N, NO3z—N and cell growth.
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NO3 -N (mg/L)

_=

Col e M
ig. 100l LIEHLH

—— 50mg/lL
........ O 175mg/|_
——-%—— 350mg/L
—=-—  700mg/L

Time (hr)

Fig. 9. Effects of different nitrogen concentrations on NOz=N removal.
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BHXI & NOs-N2 =s=Z 50 mg/L ~ 700 mg/LOl &&= XZEotRULH. 0l
M C/NHl= 52 AZotALL Fig. 90A= NOs-N2 =% 350 mg/LOIGHO

MNe &t&838] HAHES & = URLD, 700 mo/LUIA= 75%8F A EIULCH
SHH Fig. 100lM cell growthE E®H & A =Z0 Hldiot0d Optical density
2t0] SItE2 & = UL
2.0
—&—— 50mg/L -
AAAAAAAA Oveeeee 175mg/|_ ////
———%—— 350mg/L v
154 | ——~v—- 700mglL '
s - \ 4
/ P o
= P
o R e
@ 1.0+ / // AAAAAAAAAAAAAAAAA [0 TETEITITTTETPPPPPRY C
o/
5 Y
//
o/
—9
00(’ T T T
0 6 12 18 24

Time (hr)

Fig. 10. Effects of different nitrogen concentrations on cell growth.

_27_



2) BAR B0l & NOs-N HA

2 dElAMd=E B3 Bl [HE NOs-NHH B3E AgotdH, 1
Z= Fig. 1132t Fig. 1200 LIEHLHACH. HAR S22 Glucose, Acetate, &
Methanol& AtE GtRA20, NOs-N =& 5 175 mg/L=2 GtALt Fig. 1101A
Glucose® Acetate= 24A12t2H0I 2& S| MH EIALD, Methanol& && X
HOb &R H%ALCH Fig. 128 HARSZ Methanol& &It otis 3% |

X C/N HIZ2 4.45 g COD/g NOx-NJ} QRE e 2102 A UCH?,

rr
b

—&— Glucose
O Acetate
—v¥— Methanol

0 I I I J

0 6 12 18 24
Time (hr)

Fig. 11. Effects of different carbon sources on NOs—N removal.
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2 Alg0l C/NQ BIZ20| 52HE &l 4&86HA L2 iz 20 S$#ARS
2 MEotkl XOM, =& SHARKAOCZ = Glucoselt Acetatedt = EHoECH
15
—&— Glucose
Q- Acetate
—¥— Methanol
1.0
£
= 0
o
©
©L
&)
O
0.5
0.0 v ¥
0 6 12 18 24
Time (hr)

Fig. 12. Effects of different carbon sources on cell growth.
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3) =D| cell s=0l @2 NOsz-N XA

2 AElAME =J| Cell s&0l & NOs-N HAH HIE AHGIA20,
-1 Z1E= Fig. 132 Fig. 1401 LIEFHHRICE. Fig. 130IA =JI cellsk 2%2
4%E HEoIAS [ 2 12A12F2H01 HHEUSLE, 0.5%S HEotAS WOl
= 24NUHEE AQEIRULE 0l 20| 8E6t= cellsTI R28 NOs—NAl
HAIZHOl S=EILE 2%01401H NOs-NOI MAHE = Al2tE HI=5IALH Fig.
140 Optical densitye Z=J| cells&It 2™ & S0t #=2X2 2%

014401 cell s== Hi=xst gt= LEHUHRULY

NO,-N(mg/L)

Time (hr)

Fig. 13. Effects of different cell concentrations on NOz—N removal.
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OD(660nm)

15

0. 0 T T T
0 6 12 18 24

Time (hr)

Fig. 14. Effects of different cell concentrations on cell growth.
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3. NHs=NIt NO3—-N& S AIHIAH

1) C/NHI gist

[0

= A80ME EAR2Z2 NHNO:S FotAS M C/Ndl ol HE
NHs—NZFH NOz-No SAIHAH Ag=S otALMH, 1 2= Fig. 152 Fig. 16
Off LIEFLHRACE. Fig. 1501 C/NHI 5 ~ 34.32 [ NHs—N2 2 36AI2t, Fig.

160 A NOa-N= 24A12+8H0 2086] MAHEO %= C/NHI 50 = NHa-N

NH,-N (mg/L)

0 6 12 18 24 0 %6 a2
Time (hr)

Fig. 15. Effects of C/N ratios on NH4s—N removal and cell growth.
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2t NOs-N2 SAIMHIL Jtsge &€ == JUJUCH Lt C/NHI 2.5 2=
NHs=N2t NOs-N= 2r2f 73%%t 76%8t MAHEIRUCE Fig. 1501M Optical
densitye= C/NH| 2.5¢1 Z<0 X5t Hi=st gt2 LIEFLHRUCEH i Ol
Pseudomonas aeruginosa2 2 S°2 ==20IA C/NHI 34.301 HX 1 Al
SAMA EIJACH SIS MH £5IF U S JEHH2sS s 2 C/N
B 50AMT  SAIMAIE  Jtsotdd  Al2tE S=EUACH et
Pseudomonas aeruginosaz2 &X| BHEZ2CH MEHHES ot= X0l O S 0HH

OICt.

NO.-N (mg/L)

Time (hr)

Fig. 16. Effects of C/N ratios on NOs—N removal.
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for

)

2) B4

FFOM, O 2= Fig. 1713 Fig.

I

0o
1o
ol

2 AEAs EARN 02 A
1801 LIEFLHRACE. Fig. 171 Fig. 180IME EAR 2= GlucoseE A& oHH
NHs—NIF NOs—-N2| S AIMOF Jlsotlt AcetateE EBFAROZ AF=2ol= &

F0lE NOs-N= 280l MAHZKXIZE NHi-NE 71%8H HIAHEIALH

25

—&— Gucose

NH, - N (mg/L)
OD (660nm)

0 6 12 18 24 30 36
Time (hr)
Fig. 17. Effects of different carbon sources on NHs—N removal and cell

growth.
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A
o

tEotAR= e NHa-N2F NOs-N= &5 MA

Methanol2 EARC=Z A
LALCH Fig. 170K EHARAOZ Methanols &I ol¥E &

0
bl

C/N HIE2 4.45 g COD/g NOx-NJI Q3R &= o2 ™ U™, =

AE 0| C/N2 HIE0| 5R0H% A6 %2 AHOZ B0 Aoz MG
otkl &£lh= A2 2 TR0, NHs-N2F NOs-NE SAI0l MAHGHI| <ol A
= BFAROZ GlucoseE 0lEol= 2101 Higt& 6T

200
————— y—-—y
- —&— Glucose
= O Acetate
o —¥— Methanol
E
Z
I(Y)
O
Z
O ...... O
0 6 12 18 24 30 36

Time (hr)

Fig. 18. Effects of different carbon sources on NOs—N removal.
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3) ZJ| 24 SZ0l @E NHs~Nk NOs-N HMHA

= A8l =) EasT0 E NHs-N2F NOs-N2 HAH HatsE &
g ofU2M, 11 Z2it= Fig. 191 Fig. 2001 LIEFLHRACH Fig. 1901 =DI

NHs-NsZ= 25 mg/L ~ 350 mg/L 0l NOs—-N Al 25 mg/L ~ 350
mg/L 0I04, & T-Ns&= 700 mg/LIt &Lt NHs-NQI B 175 mg/LItAl
= =6l HMAH ZASLE, NHa=N 350 mg/LOIA=E A& 36AI2t01E 92
mg/LIt &0t QAN 2 74%8+ MH ZIUCEH.

400 30
350 Y~ _
a2 ¥ y———— ¥ 25
> \.V /X/ v
- LS
- /// ../v_ ........ V’// - 50
= 250 \y - -
=2 \ —— 25mglL c
é \/</ ........ O AAAAAAA 875”0/'_ 5
Z 207 A =y ®oml |15 8
< ) g // {7 —-=¢-—  700mg/L A
I = .
Z @)

Time (hr)

Fig. 19. Effects of different nitrogen concentrations on NHs—N removal

and cell growth.
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Fig. 200lA NOs-N@I Z=20l= 350 mo/LUIAE AlE 18AI2t01H 2H
HHE = Ze2 ERCH 88 Fig. 190l Optical densityE2 28 &A=
Ol HldIot Optical densitygt0l SotES 2 %= U/ULCEH.
400
—e— 25mg/L
O Y= —m e Qoo 87.5mg/L
X ——-v—- 350mglL
300 - \ ——y-—  700mglL
—_ \
= 250 - :
> \
e \
N ZCD_ )
< \
- yr--————- a :
9 150 o
\ .
N
N
00 o\ VY
\ \..
50 - R "N
*— \& s
0 : R ——%
0 6 12 18
Time (hr)

Fig. 20. Effects of different nitrogen concentrations on NOz—N removal.

_37_



4) xJ| Cells= #3l

= dglide Agx)le EF cell s=0 [FE NHs~N2 NOs-N2 A

HatE AgotACLM, 11 2it= Fig. 2110 Fig. 2201 LIEFLHATH

200 25

NH,-N(mg/L)
OD(660nm)

Fig. 21. Effects of different cell concentrations on NHs—N removal and

cell growth.
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Fig. 210lA NHs-NQl B2 E3E0ote cells® 0.5% ~ 4%2 Bl =+
ot HMIAAIZHG 2 SH3tIb 8101 36AI2F2HU 2t& ol MAZ LD, Fig. 2201
M NOs-N2 B=R0l= x| cells® 2%2 4%S HBotUS M 2 9AI2HEH
Of HMAZRL2LE, 0.5%E &3Fotds Mol= 18AIZFEE AQLERUCEH OI2*

20/ 3ot

rr

E,—J_
50
|0

cellsk & NOs—NHIHAIZEOl SH=FEILE 2%0[401H

NOz-NO|I MHE = Al2FS HI=ot{ L st Fig. 210l A Optical density=

Tl cellsk2 Bl =-otd =S cell s&= Hl=<st ¢S UEHHU
Ct.
200
—&—— 05%

1%
2%
4%

o

~~

o

E

Z

I(Y)

®)

Z

Time (hr)

Fig. 22. Effects of different cell concentrations on NOz—N removal
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5) Shaking Speed®? &}

= dglide MESZ0 HE NHa-N2F NOs-N2| MAHHHE 5ot

SM, 11 2= Fig. 232t Fig. 2401 LIEFLHACTH Fig. 230 A NHs-Ne! &
HEEEI #HESS HMAH S 8%, 855 60 romlldsE &8 36

AIZHOI = 24 mg/Lot &0k /U0 2F 87%EH KA = RALEH

200 25

OD(660nm)

Time (hr)

Fig. 23. Effects of different shaking speed on NHs—N removal and cell

growth.
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Fig. 240K NOs—-N@I HLR20E =TI WESL2 MH AlIZ2H0l Sh=ZIQAL
Fig. 2301 A Optical densitye AEYSE 60 rpomOUlAHSH HCIH &G0 30
A2t Ol 2H = Hl=& g2 LIELHACE.

NO3-N (mg/L)

Time (hr)

Fig. 24. Effects of different shaking speed on NOs—N removal.

_4‘]_



6) EXl AEHS NHs~N2 NOs-N HIH

Fig. 25% Fig. 26= Xl BHAl 22 NHa-N2F NOs:-N2 MAHE LEEHWH
UCH NH;—N2 &g BHEAISE ORI 2 BHEE AIZHON (Het 2iaotsE BEsS
SR2M, 96AI2H0I= 94%2H MH ZIA2LE, JE B2 CHFig. 15) MAL =

AZ2E0I Z2 RACH.

200 25
lm _
160 - ; 20
140 -
- | i —_
a 120 o NH,N 15 g
e o
~ 100 - ©
zZ —v— OD ©
f 80 10 @)
= - O
m _
40 - - 05
20 _
0 T T T T T T T T 00
0 12 24 36 48 60 72 &4 9%
Time (hr)

Fig. 25. Effects of stationary culture on NHs—N removal and cell growth.
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NOs—N Al A& A SAO HHZD! AESHH 72A12t0= 22X 6] M
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Fig. 26. Effects of stationary culture on NO3z—N removal.
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Fig. 27. Effects of different C/N ratios on glucose removal.
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Fig. 28. Analysis of T-N in cultural supernatant and cells.
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