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Abstract: CW-4Y was identified as Stenotrophomonas sp.
by morphological and physiological characteristics, and phy-
logenetic analysis of its 16S rDNA gene sequence. Nitrogen
removal by CW-4Y was analyzed in relation to the ammo-
nium concentration, presence of organic carbon, carbon
source, and carbon-to-nitrogen ratio (C/N). Stenotrophomo-
nas CW-4Y has heterotrophic nitrification and aerobic deni-
trification abilities. Stenotrophomonas CW-4Y utilized only
glucose as carbon sources, and heterotrophic nitrification and
aerobic denitrification were observed regardless of the type of
nitrogen source. The maximum ammonium removal rate of
CW-4Y was 80 mg-N-L"-d" and its denitrification rate of 192
mg- N-L'-d"'at NO;~N (about 280 ppm) in shake culture ex-
periments at a C/N ratio of about 15 was about 30 times higher
than those of other bacteria with the same ability.

Keywords: Heterotrophic nitrification, Aerobic denitrification,
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Ao AEY T8 oo, A4 &3-S 52 A %}
T e A A Zejar AA oA mjEo] Fag o
= gt} ofuf 4= AejA o] Wrehgt Fo) A4t e2hehA] o
Be FFFs Y SAE AT A Yo 5
2 A FAAY] Ext SHRE Foltt [1] 4
oA AaE AT HHS T2 3714 &4 9 =9
B Attt 713 Q1 gHg ol A 9] T4 G FA EAEA
o AT AR O] At Uepdh AASHA#S 2714 2
ZBollA dEYotE obdAbE AX HAFC 2 ARSIA A E T
AR 714 2ol A AAbg ol Akt Al 2 F A}
TEA| 2 2AH-g-sto] SAEHA AR E BAtet= o=
AAE obEARS 2 SHIAIAFAL o] = ThA] NO, N,09] F7t
QA& AA 7k o] dag A [2]. shaA 2ol
A LA A o] 5= 34 Q] A4tE} n| A= Azotobac-
ter, Azomonas, Clostridium, Nitobacter, Nitrosomonas2} Nitro-
spiraZt G| A qlom EAS v YEE T2 T4 A
N ESt= u|WEZ Agrobacter, Camphylobacter, Eikenella,
Flavobacter, Kingella, Moraxella, Morococcus, Ochrobacterium,
Oligella, Sphingobacterium, Toukamurella ‘5-°] &2 A QI TH3].

T, o] 9 2 A 2 AARSRHY & QH A
7]l Al7ko] o2 A i FAkstet HAng S 7)o d
Lo A|AF O 2 A of itk of 2] o] St & 79
thAFH g2 A 2l ahA] B2 A telA Ql ol A R E T A
AFet 3pof] of sk Alat o] A, f71=oll Al E v vt
Holl [4], AT oll= f71E0] asith Aba 8% o
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A ZdREE 270, AArs AlatS # 0] =2 A
(DOYE 8- tstt, @AY 4 Aba s f-55H
of FAbALZE FYET[5]. o] 2 Afol= H A
TEE WP 7]2L 27] ADHE =4 FA s oF sh=
A S i [6]. 19729 S5 4 dAS g & she
Arthrobacter sp.7} WA [71% o], 1983 Thiosphaera pan-
totropha (Paracoccus denitrifican)©] 549 A A5t 5
N4 G ik Aol sl4A el ael B sl Aol A
MHAE| T [8]. 0] F RS AT/ AW E 90, o] 5 dleali-
genes faecalis [2,9], Bacillus sp. [10], Diaphorobacteria sp.

B
N C,FD
%

[11], Acinetobacter calcoaceticus [12], Agrobacterium sp. [13],
Pseudomonas putida [14], P. stutzeri [15], Microvirgula aero-
denitrificans [16] 5] &A= it}

TEHIYE A 2 5714 dARA S FI AaAA

SHo|A FE g Fol ok AR =, 7=
At g o] 88 4= Qe 21l0] FUst FAlof HAtsket g
Aol 3k ukg-7] WollAl dojd 4= vk A= 27l
A3 == vhg-7] ol pHO| WS o3 A FAAAA 4
AFe i Foll dofub= A st B = dAlE & 4= Sl
npREre 2, FEGY Aatste AF s 2 71 o
&) flimoll vheket g E e St e L IS
& R9= WA e 4 U [17].

& Aol A= dEYoE Al A A nAEE F o
= oA G Aol A FEYoLE A A S T4
Fr U o} AbshA|at-2 2|8t A = ok B2l Al o] A
de doti s oM FEHFFA AAst Y &
o] A= A o, A=A #4442

u| A E-0] Stenotrophomonas sp. CW-4Y2. 2 574
A B 4 QPA WA 9 574 B
AT, of 4 = W o] 7] 29} FAbRETL 9
&AM I adE A5 A 23] dZoln
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2. 48A% 93y

21N L #5379 29
2 AP ARRE A ' XY T L AH st
£ o] &l o, QF et Al &= A ARG o Ak
w3 IL 244 o W2 5 4°C YA RIS o)
= g
FEobE AATHE FEE B3] Fotel ¢
10 mL-& LB BrothufA] 100 mLE ¢+-8-3F 300 mL A}
230 3 3 30°Cof| 4] 180 rpm & & 24 4] 7t ZIEHH
Sct. B3 EUSHAS 1) G0} /FAst MAEE TR
S} (7% 4%, QAP 2%, 7} 2] Hef 196, T|eh et 5%
2 ZuE 25%, 1) 718} 18%, (22)71]2H) 0.2 g3} Glucose 0.1%
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7} 3 7Fe S5 10 mLojl LB Brothul 2] o] A 26l QFE o5
I mLE 70 mL-&FE] Hio] oA HET T HeE 2EHR
2l 53t oF SFATE (Table 1). o] Hj Fof| A LAY =)= F
BYortAE 7FA AR (KITAGAWA, Japan)S ©]-8-5}¢]
SAA S4 & Gy of 7kA 9 v o] # 5 FE5t
A o8& 2ol Blsl o= i H & thA] 58]0 AX
A S v - LB Agar Hj A of] =5} ¢k A4
4 colonyE 3t Bt H Mol 2 streaking 3FGITt. o] gt
WS 233 WHESE S 5 @ colonyE B gFsto] 912t
2o o r S glucoses §- vialo] gF stk
dryolrtA7t t 2ol Hls| EojE e #FE HAFH L

E6010) A3 CHN, S24L Table 19] ek o0,
C,H,N, S ¥4aEA4-2 CHN/S Analyzer (LECO Corp., USA)
& ol gelo] BAB1LT, vl el Lol o 42 ICP-OFS
(Optima 5300DV, Perkinelmer, USA) 2 H-4] 5} %1 T}

22 £49% A2 g2 259 54
Qrayol b4 Bal K37} ol Ao® B S 25
colony~= MACROGENA}o| ] &]3}o] 16S tDNAS] &7 A <
2 A3t} o] primer+= F27 (5'-AGA GTT TGA TCM
TGG CTC AG-3")2} R1492 (5'-TAC GGY TAC CTT GIT ACG
ACT T-3)& AH&-3F3iTt.

E A5 F7] 4 €& The National Center for Biotechnology
Information (NCBI) web site®] Basic Local Alignment Search
Tool (BLAST) algorithm-& %3} Gen Bank database®} H| w5}
SEEERPETS S EE L

2.3. B84 Stenotrophomonas sp. CW-4Y 9] g2 1o} 7}
& £3 B

Ao} 7kA Rall 58 7HAl o9 o 7hA Faf
8 dotrE7] 8 70 mL vialo] 3749 0.2 g2 EaL
glucoseE 0.1% T3t =5 10 mLof| #5= 1 mL-& H 35}
ich. w0 201 Aok 797 F L o} 7h2 743k (KITAGA-
WA, Japan)<r ©]-§-5fo] fE U o} 7}A 0] w5 54531t
=AY A == 30°CH AL, 180 rpm O = X QF

Table 1. Compositions of sesame dregs

C 40.24 wt.%(dry basis)
H 5.78 wt.%(dry basis)
CHNS N 5.28 wt.%(dry basis)
S N.D.
Qualitative Sr, Mg, Ca, K, Na, Al, Si,
analysis of Fe, Mn, Ti, Er, P, Li, Cu,
ICP-OES Zn,Ba, V, CL Y, Cr
Cr 17 ppm
ICP  Quantitative  Cu 25.8 ppm
analysis of Fe 1145 ppm
ICP-OES Al 1301 ppm
(PE) Zn 0.1 ppm
Mn 103.8 ppm
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2.4. "9 A

&4 B2 H Stenotrophomonas sp. CW-4Y 9] QF Y of 7hA
2o FAHAES Sfelo] AFHE WAo] Do A
7Fek 3 ghQlskgint. 7] 2 u A =4 A R A E o] &
S AL 2], =H4of K,HPO, 14 g, KH,PO, 6 g, trisodium cit-

rate dihydrate 17 g, (NH,),SO, 2 g, MgSO,7H,0 0.2 g 712]1!
trace mineral solutionS 2mL ¥o] 1LE wE<%Ith Trace
mineral solution> Th-2- 31} 22 AJ B2 Z 3131} ethylenedia-
mine - N, N, N', N'- tetra acetic acid, di sodium salt dehyd-
rate (EDTA,Na), 57.1 g/L; ZnSO,7H,0; 9 g/L; CaCL2H,0, 7 ¢/
L; MnCl,4H,0, 5.1 g/L; FeSO,7H,0, 5.0 g/L; (NH,;)sMo,0,,
4H,0, 1.1 gL; CuSO,SH,0, 1.6 g/L; CoCL6H,0 (pH=6.0),
1.6 g/L.

25. 37|17 WG R4

Sl 7] Eu) A] o) A 9] glucose Al -4t (citrate) A ©]
ARgshg o, Aadors 7|2 oA o] St E
((NH,),S80,) th 4l ol A 4FeF R 5 (NHNO,)O] AR5 SiTt. 7]
Hul ] (100 mL)= 250 mL AFz-&eA T o) @eron, ¢
HBO AYAETE 0] &35t ukolt). B #F Stenotro-
phomonas sp. CW-4YE B% LB Brotho]] & 15101 30°C,
180 rpm &2 24A1 7k AufoF-S §t 3, 5mLE B35t A=
& BAHAE iAo 53 NHY', NOs, NO,o]&
pH, % OD S4 2 9J8f &5 A5 212 2447 HH 0= 3
mLA Z38F3 0 AIZH(Y)Q 7 dof| whet st it o
A ofol hAol i o thofdl =& o] Bt A YS Hrtsle] C/
N H]-&2 5,10, 20, 300]] Utz o] Tof whE o ujol & 2] Ak
A AAES FotE U

2.6. @713 wjg =4

E8] 43 Stenotrophomonas sp. CW-4Y 2] & 714 (A A]) ul
& 500 mL EA S o]-85to] F7]A 2sto) A =3
itk B0l 217t AT BT AR E S WL FA
Bl Z] 100 mLE 253+ & butyl rubber stopper?} aluminum
cap= o]-&sto] WEstgich 1 F @74 245 24517
A3k A (99.9%)7F A2 2| 2H5E 5 2441 7F LB BrothH| A]
of| A Aulj %3t CW-4YFE syringeE 0]-83}4] 5 mLA
Fa5ich. 30°C] QAo oA AL o ¥ 1% A
5 7831 24X 7F 7vE 0 2 3 mL 53 5Fo] NH,", NO,, NOy

o] 2EEE BA } ©u, pH, OD 572 sHATh. A= A3
A @714 AH S 521517] 95kl syringe S AL§5Ho] £
#ek it

2.7. 37]3 947 —% E-¥ |

5714 A -2 Bhelaly] S5t Sl A Eel 6 L(17.5
@x25.5H)9] 837 (Fig. 1)e]l 3 Lo vjA S Y u “é?“* 5
Aujore F535 WES F APt wg7lelE D

®

Fig. 1. Schematic diagram of aerobic bioreactor. D) Bioreactor (6
L; 17.50%25.5H ); @ Impeller; 3 DO Meter; 4) Sampling port.

meter -0 AAE ] YR H7 Y A1 S ZUEHP S
4 A =2 A 2= 9t} NaNO; 2} glucoseE C/NH| 152 24
shalow, 27] vix] 9] pHi= 7.14%1 21, NO-N9| 5=+
184 ppm, NO,-N2| == = (0 ppmo] Gt}. HjOF L& = 30°CE
Aot 183 FF = ool Y] gt uf ] o] =1 o
QA gt impeller®] R &%+ 50 rpmof 4] 200 rppm A}o] =
=4ete] 37152 A7t o} 571 stel W) o] DO
T E A9l th. Sampling port= 5| syringeS 0]-8-5}¢]
spo] ¥4 S mLe] 7142 2jsto] R4 stsct.

8. EAY
NH,-N9] %%, NO,-N 2 NO;-N2| =% = (% # (C-MAC)
AF2] A|ef& o] §-5ko] £33 = A (DR5000 UV; HACH, USA)
£ 0| g3}o] &435}9th DO= DO meter (KRK Co., DO-5Z)
= o|-gsto] SASkIth HA| v FE o] Bt e= £
2% 7 (DR5000 UV; HACH, USA)E 0]-8-3}0] 660 nmoj A]
ODE &4 st3ith

34987 9 1%

3.1. g2 Yol 712 B3 Ay}

Table 26]+= 135t Wf 2 cheket Aol A 23 gt

LBHj A ol 4] Aueet 3 5 o) Ao AET 7ol o

B} 714 AA S-S Gepfich 5 AEe 270

GlucoseE 2 A} Glucoseds YA &2 Ao =2 FLESIA

=
A&

& g3} o] A4kt

I oF A A& (%)=

Control 9] ¢} % Y o} (ppm) — Sample 2] ¢} =Y o} (ppm)
Control 9] ¢+ 1o} (ppm)
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Table 2. Effect of glucose concentration on the ammonia removal

Sample Ammonia Measurement day Glucose 0% in sesame dregs Glucose 0.1% in sesame dregs
Ammonia concentration 3rd 3 24.6
Control
(ppm) 7th 534 70.6
Removal of ammonia 3rd 0 93.5
A

(%) 7th 0 66.9

B Removal of ammonia 3rd 0 -5
(%) 7th 0 -23

c Removal of ammonia 3rd 0 49
(%) 7th 0 -28
D Removal of ammonia 3rd -9.9 -8.5
(%) 7th 274 13.5

E Removal of ammonia 3rd 26.3 21

(%) 7th 32.1 0

Removal of ammonia 3rd -354 12

F

(%) 7th 429 0

G Removal of ammonia 3rd 13.5 21

(%) 7th 34 0

SAbs7 U] e S0, FH B H A 2o &
& el A 59 thaket e o = EE g F T AL
% AATONA 0.1%9] GlucoseE 713t 7 -, 344 oF =
U op7kA O] A A g0 93.5%, TR 66.9%E e 2.1, o]
© BE APTNA 7Y St AAES BT Aolql
o}

7

v

2
=
A

(o3 A B ROIA Ml A FFE s shof &g
shoich. ol 24 el CWAYZF-9] ¢ o}rh A)
2237 100%2] A4 &< ol Foith

32. A%y &4

dru ol 7EAg s ol 7P = CW-4Yo] Higt Al
514 B4& obrgron], 245 CW-4Y2] DNA @714
2 % 1451 bp¥ 2L, NCBI Blast searchdl 2 7} CW-4Y+= Ste-
notrophomonas sp. M2T2B9 (NCBI accession number: GQ24
6699) 2}+= 1447/1450 (99%)2] A5A-S Bt 3t 71
A @ ElH 54 7 G3kE, daatshs, St
SHE, QAISHE 52 YA fERU FRET TS
B3|\ 5t= Stenotrophomonas sp. YC-1 (NCBI accession num-
ber: DQ537219)Q}+= 1449/1453 (99%)%] A4S Rtk 1
g, 22208 T AE Bist=s Ao2 HE Stenotro-
phomonas sp. Dsp-4 (NCBI accession number: DQ482654)2}
1449/1453 (99%)2] AHE4& 712 4 71 S ALsLodch A2
7HA] A A Q= A ALSE n| &2 = Azotobacter, Azomonas,
Clostridium, Nitobacter, Nitrosomonas®} NitrospiraZ} & A
qlon, &7 A &As} n)|YEL Agrobacter, Camphylobacter,
FEikenella, Flavobacter, Kingella, Moraxella, Morococcus, Och-
robacterium, Oligella, Sphingobacterium, Tsukamurella 5©|
A ok B Aol A BE| 5 Stenotrophomonas sp. CW-
4V AR B8 Qhyo} Ho nl A BT thE Se-
notrophomonas sp.©| 1 712 data baseo] Q)= Stenotfropho-
monas sp. M2T2B9 (GQ246699), Stenotrophomonas sp. YC-1

(DQ537219), Y Stenotrophomonas sp. Dsp-4 (DQ482654)2]

97] 4 Qhe] AEA L 1 99%o] 9l

33. 480 the FEvol Eolsd Bt
T4l 0 2 glucoseS 0801l = F72] Aol divh 7
2l CW-4Y ] B4 7] 4 Zgufef 2o Al gelst
At (Fig. 2). UukA 0 & Y- C/NHE] 1004 o] A4t
71408 =7} =rhar & Al A Qlvh whebA], 271 Aago
e AHS 3T i o ONH|j= 5= 1022 A4kl

ZARTEE (NHNO,)S A4 0 &2 ol 2| = CW-4Y
E 4% T 598 7] F=ANH, N 192 mg/L 5 H+f 1433
mg/LE E3}59.0.1, NO-N= 27] H59] 282 mg/LE 2
AR 7}A] 256 mg/L-E Ea)5to] 128 mg- N-L'-d'9] W= 7|
7 £EE A (Fig. 2(A)). ¥HH, SR H(NH,),
SO= AL o= JojE ujR| o A= 27| NH,-N 5= 448
mg/LE SYR7HA] 160 mg/L-& a5t on, AlA &=
32mgNLd'2 AR ES LYo 2 Jol& uix|et
Aol FAFSE NH,-NO| A A &&=5 Ho]F=qlH (Fig. 2(B)).
T NO,NE= B Q] o A= %7] NOs*-N %1 22 mg/LE 5
UR7IA] O] AALE= 0.5 mg-NLd' 082 HARtFS
ol w9 A ALEO] oF 1008 o] 4] 2fo]7} L=t
o A2 A% 271 ARGk o] 7] Qlg Aafet AR
Hr}.

St wuf A o AAF R i A B HE 529 A F
o AlA 4= = NH-NEENOs-NE A A3 o1, o] = 247
CW-4Y 9] /g7 o] t-5A1 7] = Q1% Ao = Abm F e} 247}
O] A ANA &= AT EHl A o A NH,-No| 74.3 mg-
N-L'-d", NO;-No] 3.3 mg-N-L"-d"o] 9 12, ZA & vl %]
o] 4] NH,'-N& 80 mg-N-L"-d", NO;-N©] 192 mg- N-L'-d' &2
E2AA SEE ol

Joo 5 (2006)9] Alcaligenes fecaelis No.45 ©]-8-3F A4
ke A YE dEFHomA Yot ATl 271
2000 NH,-N mg/LUtf 30 mg-N-L"-d'9] A A&E H .

O A
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Fig. 2. Effect of Nitrogen source on the ammonium and nitrate
removal of Stenotrophomonas sp. CW-4Y in an aerobic culture. (A)
Medium containing NH,NO;, (B) medium containing (NH,),SO,.
(¢ NH,*-N; @ NO;-N)

o= 7] 2 0] Q1o 1|3 5~100 & HEE BATHT 519
o [18]. 2 A= AF FEEFY 275 =7 192~448
NH,-N mg/LE Joos (2006)] B| sl tha: e ghe Holut
I AA &= 2.5~2.68] 7HF =9t} Rhodococcus sp. CPZ
245 o] &3t At ETAa “5401]*1 27| gEYoo| &
EZko] 50 NH,-N mg/Lo| 912 mf, 3.1 mg-N-L" -h'9] A7 &
2 BT [19]. Su 5 (2006)8] Ao X+= Pseudomonas al-
caligenes AS-17} 1.15mg-N-L'"h'2] ¢fm o} A ALEE H
%l 2.1 [20], Zhao 5 (2010)2] AT [2119)1 41, Bacillus sp. LY
7} 7] dEYol9] Ex=Zho] 41 NH,-N mg/Lo| i1, C/NH]
7} 150191& o, 0.43 mg-NLh'o] Al A< Heeh 2 o
TFolA dE dmYot AAES ATESE 2Hite e,
3.1~3.33 mg-N-L'h'e] AL S Ho|B&E 27| Fho] 7|&
dFaw o) oF 3.8-9u 7 =& A Aehehd wfg matd
AAARLES Hol= A& & & AUSlH

34. G2 Ho| g R oL 235 F7t

A4d 02 (NH,)S0.5 Bl 5+ F579 e 401 H7he
o] EﬂrEP CW-4Y 9] NH,"-N 2k NO5-N9J A A 55 opr gk
. Al gxe‘ruHok Z70 2 9o AlE 27|19 C/NH|
= 5ol 9l7ske] 1022 Agstg o, ol 64

BN

b

Z ‘j
HaEd

400 |-
= 300 - ~
Ed >
g £
5 a0l g

+:Er S
Z 4
100 -
0
Time (day)
600 40
B
~ 130 ~
= 400 b S
oD o0
) g
300 20

7z 7

+ -t ' ad

T 200 - %

Z 10

100 |
0 | | | | 1 | 0
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Time(day)

Fig. 3. Effect of Carbon source on the ammonium and nitrate remo-
val of Stenotrophomonas sp. CW-4Y in an aerobic culture A, Glu-

cose; B, Citric acid. (¢ NH,"-N; @ NO;-N)

3 ONH) 2718 22 5 160 2 tha] 245kt

Fig. 3(A)E 2.1 glucoseE EFA YO0 2 Ho]& v X = CW-
4Y2 A2 3 5478 NH,-N 360 mg/Le} NO;-N 35 mg/L=
£8l5] 3 = 9lct. &, NH,“N2} NO;-NE FA|of 23 & &
4 9, AAkshe} sk £ A o] o] ol ek 4 9}
Hk Fig. 3(B)el LA (citric acid)S g o] & vl Z] of /\1_‘5
NH,-Ne} NOs-N 25 B3 £]7] 9z B8 = oj gl
Ol= CW-4Y = B4 Y0 2 glucoseE 17| o] 88 4= 3l
0, o] TALES A O o] §T 4 i A0z
Atz Elth GlucoseE B4 © = 0]-8-5}91& W) NH,-N2o| &
& &2 72 mg-N-L1-d1¢] 0.1, NO-N2| E5j 2% 1= 7 me-
N.L-l.d-lo] o r,].

Ho] 3o 53t DS Hole Al o2 & A dgrobac-
terium sp. LAD99] 7§-‘,’4 glucose, sucrose I 7B} 4£79] &
714 o] &k A4 shade] gt o] =5 Yok
A3}, growth ratel= G-AFS (0.14~0.16 h") A1}S Kol = ut
o, A 4B &5 acetate (0.32 d), succinate (0.44 d7), 2
glucose (0.21 d')= =9k, citrate S kA~ O 7 o] & A] &
& 25 (0.14 d")7} WQFT} [13]. Chent} Nio] A1 o] o]},
citrateS 7|2 =2 013—3" 42 g2 E0] biomass?] Z7}of o]
S50 mhet v 2] AAkst £ 7t opzlhal sl
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Fig. 4. Effect of C/N ratio of substrate on the ammonium-N
removal rate.

3.5. C/Ny| o] w2 ¢gE Yol 359 J7}

w2 o] ONvl o] stol whet Bl R CW-4y9] ok
ofA| A o Bl A= P ot Ut (Fig. 4). YA T it
A Eo] F7HE viA|of] Yo' o]-§ 5= glucose?] %
S =25t C/NH|E Z+2E 5, 10, 16, 20, 3002 A3 & A
d& AaYstict drtA oz wAPE-S C/NHE| 1004 9] 4
gt 71 d ol g =7 wrkar 2 e A Qlvk A A, e
T+ CW-4Y 9] % C/NH|7} 5, 10, 16, 20, 300)| 4] oF & 1] 0}9]
Ba|& w7 2+ 38.6 mg- N-L'd”, 39 mg- N-L"'-d”, 72 mg-
N-Ld", 24.3 mg- N-L'-d", 25.8 mg- N-L-d . & Ueh} ¢/
No| 16014] 714 & A 0.2 Lpgheh 2 <l A Tlel v
U= 371 THIS FAE EE At o E U7 Ba-
cillus subtilis A1 acetateE 7| A2 0] 43 ¢ 27 42 Y
&9] H1=7ko] 104.27~110.31 NH,-N mg/LY wj, C/NH| 7} 6
2 12914 2 ZFo] §le] 66.5%%} 60.3%2] NH,'-N ] -
&8 2.9 [22], Bacillus sp. LY®] 7-$-, C/NH| 7} 159]
S 1, 043 mg-N/Lh'e NHN AAEEE Hoj3elct
1. &, S5 daitdf Ao 457149 7+
of w2k, C/NH|Z} 6-15AFo] o A 2| 319] FEL Y o2 3f B&
H

[e) A~
A2 o gtk

™ 2 ok

o N

3.6. 713 (A2l < 4713 @AY e o
o gdryol ¥ Fid e £
£ 7 CW-4Y2] NH,-N £} NOy-N2o| £-3| & AFAo] &
ol whet ghlstgieh. 571 A Wikt o 7] A ujof A A
Yoz = AL S o] 8513 o1, Tl © 2 = glucose
£ ol-gstlen, CONH| = 162 2 Br3{ 3= ¢l NH,-N¢| 7
S 5714 vkl Al 647t & 148 mgNH,-N/LE &35} tt.
BAAA &= 247 mgNLd'o|glon], Ho AA &=
£ 294 80 mg- N-L'-d' 9] A A £ =5 HolFlrt. ¥
714 8ol 49 NH, -N&= =22l =] %] 2Fqkeh (Fig. 5(A)).
714 9 @714 wgol A 27] NOy-Ne| gh2 22t 282
mg/Le} 277.3 mg/LGAth. 7 27 ol A & 237.8 mg/Le} 234.7
mg/Lo] FARE & ZlSHAAI HhA AL == 2714

Hjokol A 22 ok 192 mg- N-L'-d", & 7] 4 vjoko] 4 3}
ko] 2533 mg- N-L'-d"©] A7 4 %2 ¥ o]Z9lt}. Fig. 5(B)
oA Hi= ute} o] F7| 4 7oA wjFE Stenotropho-
monas sp. CW-4P-5 = 7| A &2 0] 8- 5= NO;-NE o} & 1t
o 913%E AAT 4= A= AL & = AUt o= 7129
AL @713 27 sho| A o] Fof ks Aukel 2Rt
CW-4Y+= 574 27 319 A &= NOy-NE E3fjat= A2 &
& 4= ATt o], 7]&0| B i1 A faecalis OKK179] |
o &dst £ 5= 83 mg- NL'-d'9l Aof| v]a] 572 ufjF
o A= oF 23vlf, T 714 s ol A= oF 30t =2 A
o} [23].

T+ AE T 1Y T 3714 wiFell A 17.3 mg/LE] NO, -
N7} A= L, 71 o] &= 5t 0.11 mg/Lo] S =] it o]
= UEEY obEARL 12UA) 71 e o] Rol Tkl &
= 91om, NH,"-N ¢] Htj &3l &= 4] 29 4] 80 mg- N-L"
A2 7P ke b 7] A kol A= < 0.06 mg/L
9] NO,-N7} &5 it

Fig. 5(E)2] Ao A K o], CW-4Y9] 442 F7]4 =
AoA= A& Hon, 574 o= ZAitstel EEo] Z13
= AS 47t ok viek 1Y o] &5 E = o] Aol o]
FO 2| X] GO 7| A v kol A= oF 3UAMA] HEEE
Aste AS o 71 Sk F Aol A 27] pHe 6.90] 91
o, 6% 52t pHY] H3h= ALY WA E A ¢l &3 Afss)

ot

3.7. 87127049 g348

CW-4YHFE 5714 2709 5 L -&7F9] 9h-g-7] 0] 4] NaNO;
7} glucoseE 7} v x| of| 4] A4S 431 SI T Fig. 601 A]
H 0], NOy-N9| =7} 28R of| A 3U#] 170 ppmof| 4] 2F
37.3 ppm o2 FA4 5] 2|5t o m, o] 717 NO;-N2] &3
25 1325 mg-N-Ld'o] gt} 7+e 717 NO, N s &=
HEef 2 ©F 0.09 ppmof| 4] ©F 40.53 ppm &= F4 5] Eol v
HES Bt o= NO,-NO| F=7}F §ishr} glckal 71&
of By F& Qo dAstet 5714 & 5 Pseudomonas
stutzeri YZN-0019}= AMeHE] 458 R o301 Qi) [24]. vt
7104 0~1929 DO 5 =5 04 ppm o & 2455 S 7
9- NO;-N¢} NO,-N¢] ¥3z}7} A o] ¢l ol &, ek Aba
7 3FE A = g ol A FAS X A S E
AT o] F, DOFEE 4.3 ppm e 2 o] F 2U A £ ¥ (2~7
A7k 9] B DO = oF 3.9 ppm.o.2 35 3lch) NO; -
N7} 2K = NH,-N 9] A 4ks} 114 o] 271 4= Q1 NO,-N
7t Eolus BES HoFaL Qi (Fig. 6). o]= +F5 CW-
4Y7} 37178 Aol A 2 st} st E S A o Rk

Stk A& & 4 9k

=

=R

H AL A E2H Stenotrophomonas sp. CW-4Y 5= =
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Fig. 5. Effect of culture condition on Nitrogen removal, pH change, and bacteria growth condition of CW-4Y. (@ Aerobic culture; O
Anaerobic culture)

b3 SAE =] of H 8] =2 ARIEHQ dRYotAE FHo] SR v BES o] &5kl AETHA Vo g 4
oot 5ES o, 25AGNRORA 5/ A S T AL, A BN D2E AATH] HeA
ALsh-EA s % 5Fo] ZA]o NH,'-N @ NO,-NE A|A3sl= = 7]= Bardenpho process [25]1 A%O process [26]2] 7 2
So)4 422 7Hint. AFEE 9l 5] 20 SABE Y8 RAkexo} 247 24
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sl @ae} vl Lato] Z|ch of 23u) (7] Mulob)-F 30 Au|7} o] Sojrhi ulA A Q) BAY, 12T =Yoo}
(E71 48] =& EollEEE o, Thad o2 glucose  PJAES ©]&5to] FARSHE A17]7] ol A= A
7FSFE RS o Aol & o] F ol AL ONH] 16 Lo A 7k A A 7te] Arh= TS 7FA| AL Qi
2|t NH,-N A A &5 2l T3 Ag7HA 9 v ES o8-S HeA Y At
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Fig. 6. Nitrogen removals of Stenotrophomonas sp. CW-4Y in the
bioreactor. (® NO;-N; O NO,-N)
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