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BT M R T A X — R4 R AR AR B RE AL
HA E2R MAR 28 I

(W/REET RS KSR SAME R E SR s Bl WREE 150090)

B OE. [86] KRG ERMALASRE KL H GG T RARIABEF A, [ELFHAZ L
20 AR EZ—., FARRFLHMER TR AT LA AR T ERE IR, HEHK
) F BR A E RSB IT A KB FRAEHLARXELRINRG. [FE] LTI EDR TSR
(Sequencing batch reactor, SBR)&JE & JIML, hik KAF & 2T ERFL AR, KA o0 B & A AL
AR LA 0 R ERR G XA R T (A BEEA. pH. BE). [£R] RNE/THEE
9 SBR KL 3 ¥ 5% 16 I 1% & 26F BRFHAL A & Pseudomonas T13, KA #f 5L dy ik 48K A . pH
Folm i BRAE R T2 AMAKITE 18 h AR HABRE L RE 95%, & REHRE 90%. ZAMKY
2 2R AR ROR 6938 R U B A 25-30 °C; 3iE pH A ¥ fRak; EH 49 COD/NO; -N 4 4:1
VAL RAEEMEGREA 2.5 mg/L. [456]) AKIAFETEATH) SBR BE 2 F I i SRAF —Hh Z 2
AR AL H Pseudomonas T13, AHER 3hi% R BG b ts) b AL BB AL B 69 30%0A £, @ idiE 474k
TIRAFAE RETRFIAZ] 90%A £, 3R B KPR T 2 A A RAF R A
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Identification of a highly efficient aerobic denitrier and
denitrification optimization using response surface method
DU Cong CUI Chong-Wei DENG Feng-Xia LIAng MA Fang*

(State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, Harbin, Heilongjiang
150090, China)

Abstract: [Objective] The eutrophication of water body is one of pressing water environmental
problems in China today. It is mainly caused by over-discharge of wastewater with high nitrogen.
Aerobic denitrification bacteria are promising on simultaneous nitrification and denitrification process,
presenting high advantages than conventional denitrification process. A high efficient aerobic
denitrification strain was isolated and its nitrogen removal efficiency was optimized. [Methods] The
aerobic denitrification strain was obtained in a SBR reactor, and response surface method was used to
improve key factors influencing denitrification and total nitrogen removal efficiency. [Results] High
efficiency aerobic denitrification strain of Pseudomonas T13 was selected from a SBR reactor. Based
on response surface method, the highest nitrate removal rate was 95%, total nitrogen removal rate of
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90% within 18 h, which were obtained by optimizing key factors of ratio of carbon and nitrogen,
dissolved oxygen, pH, and temperature. The suitable temperature ranged from 25 °C to 30 °C. The
optimal pH is neutral and the suitable COD/NO; -N was over 4:1. The DO was around 2.5 mg/L.
Pseudomonas T13 can use nitrate and nitrite as electron acceptor for nitrate respiration with 90%
removal rate. [Conclusion] An aerobic strain with high efficient denitrification was identified as
Pseudomonas T13 from a long-term running SBR reactor. Over 30% nitrate reductase were detected
out of all denitrification enzyme genes from the strain. It is presenting a great potential on nitrate
removal (>90%) to strengthen nitrogen removal process in wastewater treatment.

Keywords: Aerobic denitrification, Nitrogen removal, Response surface, Functional genes, Growth

factor

ARG Y s BUK IR S BER ) FEEH Z —,
FEOAAA T BB AR KT, BAES
Woflir . ARG YN AN R T, e AR A
PR U A(NH, NI 3 Al Ak 41 B A 8L R0
HIRFRA(NO, -N), i) AR A0 g — 48k
EIRER A (NOs -N), RJSTEBAASF N IR ER A
I IR h Ui 1 S A A T (5 8D IR o R U(N)
i A st L KRSk, RO — EREA R
S AN PR AR, DO AR R RS AR
A R FPE W UL R TS e e, AR
fi#48 DO YEEMRT 0.1 mg/L A& niy, i 7
i 4, DTS BO BB FHAH IR L AL RS R Eh 1
AT AR A At R . [RIBAE SA A A
iR, O ANy AT S AL S ), {H
Xt 1 AR ER 1 (Paracoccus  denitrifications) A58 &
B, TEAESRE N HA KR 58 2 AT RHEIR
AR Ry, RS UESE T A SRS A AN TR RN G
AL R AR AES), AR ER A IS . AR ER
W, — AL AR . —E e R L
SE AT AR AR TR A RO A R R, 516400
AEYIRAE LA, G A T DA AE A
TEIA] — J W e o8 i, S ELOE & X By R
fiFfb/ s At

Ui 480 SR A TR A 7 S 3 2 A B AT 1Y i
A A BR o L 25 oK b B R o B kA, B
Thiosphaera pantotropha . Pseudmonas sp. #ll
Alcaligenes faecalis 55, 2 Ji B 22 AU AU AL B A
T RIE. EMEIS TR, (U Pseudomonas

nautical . Thauera mechernichensis, Alcaligenes.
Microvirgula aerodenitrificans 25, A Lbif-4E S hiifh
B Al IR i, B R A N AR
Bk, XA AR AE R — SO a5 N [RS8 B
e AL S R AT e, Gupta 251545 Thiosphaera
pantotropha 1% A 9% 45 b B[] v A A 6 5 7K
IF, FEA LG far B2 AT Ar o 6.9-20.7 g
COD/(m*d)F 0.69-2.09 ¢ N/(m*d)f1E L, COD
ME A LEBREREIE 58141 g COD/(m>d)Fl
0.41-1.10 g N/(m*d), [AIIH R ZeBRR 1K 20%-68%.
Kshirsagar % IR A Eo8 AR Ak T
AL PR EL Tl EK, Hoh—A~ 48k N
Thiosphaera pantotropha, 75— ANSA BN E LA
MR RSE. MK TKN 4 790 mg/L B, &4
Thiosphaera pantotropha FE k74 RGuxT TKN B
(FSTERCER)FN TN EBRSAHARCR ) 7370 L B R S8
A 10%F11 20%, X 1jiHH T Thiosphaera pantotropha
TESE A RN U S i Ak THT ) EE 2R
IR, R N AR IR S BT
DO. C/N [, IREF pH (% U5 SO AL A B %
T AR 0 3 N M BE Y FRAR K, A Ol Y B O A
3-18 mg/L i Bl X —#k Pseudomonas stutzeri ffi
PR I8 I il JE DR A3 A 2R B, DO ik B 3 55 TR R 1Y
napA I nirS FIFPIER B i 2640 Huang 250 7E
FIH Citrobacter diversus 1 rifsEIHEH CN 5
DO WREJRAF AR OGN 2, A2 S s A T
7 C/N FeBAE A AL T (%) C/N 5, efEar4a%
TEALIEPEFE C/N 2R 4—5 BHRAT ;2 AR A B B AL
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AL A 5 id DO VREEly 2—-6 mg/L. A5
FH A4 5Uv #(Sequencing batch reactor, SBR)
BT AT A B, FEVE AR B = 15 8 mg/L,
C/N 7.9, MLSS BARMEH T, 4l 5 h B,
MR EBRRAIRE] 453%, BAEBRRAEK CON
s s g N, AN, BT AR S i, I
RASHABCR MBS . DRI, TR — IR
PR v A LA I R 6% B I n 4 S S R Ak TR Y
KA 4 Thiosphaera pantotropha (1)
A ) B A RN R B () A 3 T K I, BIFE R BRAE
— 2 VR 9 L P 2R T R 2 B A AL B e
LRV INELAE, 7E COD ffif % 15 g N/(m*d)
FERAATTRN 1.5 g NA(m™d) W Tk p Ltk
KN 1 g N/(m>d)*,

ORI FH 48 S A T 5 B ) A 0 I R 1 4l
HIRAZ I, — AT SR T4 U A R 7
WD, ANGIEMOLHAFRE, EE s
JERR, Tt R A SBR MR, ek [A] B
AN SRy O PR TS TR AR & A U AR
PRI S ERCRIE T i, mfh Xy ae i 2
BRI SRR VERT, I HLIF A H A B Y 5
iy U I S R A A0 T 4 6 SRS R 2 IR
C/N It IREE . pH FIE AR B2, S T RES
IRBNZEA LA B 0, 30 R PR L7 T X S R
THATULACRTS B AR R B e SR AR R RE o i
T2 — PP RE B8 X 2 o0 I 25 DR I 1 e SR A
WA AR I GE T ik, SRS A (WNIEAS RS AH
Lb, mw IR RE S R R RE LIRS, R
R R EOC R AE /N X I L) — IR Ik
ARSI, T AR AT 1
PRI AR LA IR, R S BRI S PRl AL L
P el AN O =y Y W (s e

1 MRS A

1.1 ExE
DM ¥5573E(g/L): NayHPO, 7H,0 7.9, KH,PO,
1.5, (NH4),804 0.3, MgSO,-7H,0 0.1, T igfh 4.7,

http://journals.im.ac.cn/wswxtbcn

KNO; 1.5, il e R A | mL A oo R A (g/L)
EDTA 50.00, ZnSO42.20, CaCl, 5.50, MnCly-4H,0
5.06, FeSO,47H,0 5.00, (NH4)sMo,0,-4H,0 1.10,
CuSO045H,0 1.57, CoCly-6H,0 1.61, pH 7.0,

FM }55%3E(g/L): 4+ 1.0, AR 5.0, KNO;
1.0, V97 pH = 7.2-7.4,
1.2 FEREE SBR RNF/RIEITHE
12,1 REZSBEE: LERAMEAUAEF R 3 L
AR A P SR 2 (D 1) I 7 PN 2R A i 4
1. pH ZELRWEMAL . ORP ML . MR, W
T BEREERSE, Bl A A S R G T
Pl 1 2k A B S R SRR SRS A 1 S
PEIVG VAR ZR T i AU Sl A 2 PR A T B RN 4R
122 FERBUEEILESE: JILvELL FM
BRI IR G AW & i, S LA DM B
FEMEESE, WG g A DL s S A EUR A Ak
Wo SBR NP4t —A A s R 3%, TFNIR
PR TARE (L FREE>90%), IG5 e 5 K
t, Uik, 15T A 3000 mg/L DL L, R
TP SRS A TS5 TR TS PR AT
1.2.3  SBR: JeJVi#mic i i Al s SORiE L <
MG A 0y 2 6 P 5 TR A 2R v g SRS s Ak 4N
AT BERIE AL, T RV AE 2242 °C, ik
TR SR DO {H . IR BRI (1-23 d)J

PP Stirrer

TREEE DO#k
Temperature control DO detector
T
Aeration

HEAK
Water effluent

HEe e
Sludge discharge

1 SBR RNZF/RE
Figure 1 The sequencing batch reactor
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A T 24 h, FAR MK (1.5 L) -
PP —UTRE(0.5 h)—HEK (0.1 h, 1.5L), FiE
RVARIIEAT, WEAFRIEES 1 R 4 h s
F55 23 KK 23.4 ho 5 24-30 R RBGEZIRSE
ey iy Cill TR/ =S W= b Rl B2 ) W ) N i)
NO; -N. NO, -N, TN F1 COD,
1.3 HFERBEAENSBIFIE
1.3.1 BB FBERBR G TS AT
MRS ZeTk o B aliAb I AR RS AL TR o 8 BRI A5 PA
B 1 mL b B A B K E I, 235
A 50 °C e REEE SIS, RekG R ALEERE 5
B8 T 30 °CHIRIEFRA PSR, 523 d)5E,
Pk th— A IE R . PREUETEIE ST . B
AR ETE, —IXRIZ, T ILIREE W% R
—8, TR EEHRI, PR — R 2 R
Rigi Sk BEER A E R . I B R AR A g T AR
(5 Wk (B
1.3.2 ERGEIE: 52 AGED R R R
KEEFRUG , 28808 ™, 7€ 8 000 r/min 5514
TFELO 15 min, FFEE FEHR, RERELOETIA
Kk IR R G P U, 15050 B8O A IR UL UE Y 1A
A, FRREL, WP R 3 K, DLRBRIA AR
T B ) R TR, AR B B AR O LR B R 2k e
BRI, LA 10% (IR H) ARl i R 2 oL ER
RS, 7E 30 °C. 130 r/min FEPREEFE, 568
— B HORE, BLODE RN, R IRR R R
TN . NO;5 -N ¥ 114725 A B o S 360 Pl 5 114 e B BT
14 FERBEEEEFEK

SR FFL Wi 7 TG % X6F 552 M -4 52 A A 2050 256 1 X e
S T(C/N Eo. s IR . pH)# i,
XF ) B TR E A pH Y f 4R T8 L4y B oA
15-40 °C F1 6.0-8.0, ¥ fift S Ak E Bl il
1.8-3.3 mg/L, L BIHBLE . WEVERIT 22507,
T e A 554, H 41 A B i (Central  composite
design , CCD) kK F Statease 2\ w) 4 7= i 3¢ {4
Design-Expert 8.0 #4752 50 iDL s tfr,
ODHEB LR TP L2 1.

x1 WERFHOASRITEREFKFE

Table 1 Central composite design experimental factor
level of environmental factors

Factors Level (-) Level (+)
Temperature (°C) 20 35
pH 6.0 8.0
DO (mg/L) 1 4

FEPVER TOUAL LA b, SHRRIE A R BE TR
AR — 204k, BRIELL COD T4, ZUA
DIMHRREEATER, A3t 28 Ah 3 R AR 4l i i
WARIVIIE SR B, gk 2 Fw,

1.5 FERBUENGEEE

1.5.1 16S rRNA ERFFFINE: #HEMkEA DM
WARIG TG SR 24 h, SR _LIE4E5E DNA #2850
R GIRIILF 4 DNA. R E RSP H] 163
rRNA 8 51 ##E 7 PCR ¥4 . 5197518
BSF8/20: 5-AGAGTTTGATCCTGGCTCAG-3';
BSR1541/20: 5'-AAGGAGGTGATCCAGCCGCA-3',

PCR 2 WA 2 (50 pL)!'7: 10xPCR 22 /i 5 L,
MgCl, (25 mmol/L) 4 uL,dNTPs 2 uL, 5|4 BSF8/20
I BSR1541/20 45 1 pL, #ifk DNA 1 pL, Taq fif
(10 U/pL) 0.5 pL, £EF7K 355 plo W&
94 °C 5 min; 94°C40s, 56°C40s, 72°C 2 min,
FEFR 30 Y5 72 °C 10 min,

PCR =4 5 th % R A A9 1R A BR3¢
fEAFISER, LA Seq Forward, Seq Reverse. Seq
Internal A5 ¥%F LR =914 T DNA XUa]il
1.5.2 FHERELEIRESNE : AR LA EF(NAP)
IR R A AN TR SR AV E PG G B, 2k 2 N
FALI(NAP A FlI NAP B)ALAI R A; HAh NAP A
2 H S PR R R A S I R 5L R (napA) 25 . SR

F2 OR. RRPOASRITRIEETFKF

Table 2 Central composite design experimental factor
level of carbon and nitrogen

Factors Level (-) Level (+)
A % COD (mg/L) 400 800
B AJE NO; -N (mg/L) 100 200
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FiEESE DNA 20 & (W6511) $ Ui P 20
DNA J5 , LA napA J& K DRAF XY — 3820 e 81 S 51490
#EAT PCR 74, AT LAXS 41 P 2 75 FAT S e S i AL v
kTl

2 FREitie

2.1 SBR REFEBITHFERMILEIIL

Yitewits , LA FM By 3R /E R SBR SOV d koK
EYME R 2 i DM B30I 005 & & 4RSS
HET (3 30 2K), L TN B & BRAR (B e A [R] 1k
YER 25 DRI/ . SR ER K PR (D i A
RFIFHG BB B 2R SO RS A PR A, Ik
G S A A SR RO A R AR, I HLSOW HEA T Y L)
& MBI A DD RE R & AR R I il ad Pt o B 4k
15 22 MREA U A SN DI RE I HARRTRR (3R 3). 45
B A E BRI ER R, 22 PRI P IRAG—HRAL
U RYBF AU ALTA T13.

BR T13 XAERRER A EBRICR ST, 7E 18 h
WS R ZBRFE R 97.75%, XHEAE M LBRFL T
89.74%, [RINGAEMI R E AT LS o BMR IR R AR
KRN 0307907, A RKACHH 2.25 h,

2.2 168 rRNA EEFFILE

%7 T13 B9 16S rRNA L7, H
16S rRNA JEH PSR 1 420 bp, 55
BLAST #4155 GenBank H #9781 251 7[RI U504 L4t
5K, WKk T13 SEHIER Pseudomonas sp.
FEFIRIIEE N 99%, HEWTZ i} Pseudomonas.
OB B4 Rk T Pseudomonas sp. . Paracoccus
pantotrophus. P. denitrificans. Alcaligenes faecalis.
Alcaligenes sp. . Microvirgula aerodenitrificans .
Thauera selenatis . Thauera mechernichensis .
Pseudomonas denitrificans J¥51 T2, LA E. coli %
#75, N MEGA 4.0 8/ N-J IR G R E
W, B e, 2R E 2 s,

i BRI B s v 2 24k 0 7Y B AT I R BE Y TR
PR HRAE AR T A T RO AP E R, (B2 TE—
SE VAR X SRS P A RV E T, X A
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&3 SBRRNFIRIGH) 22 HREFREXS TN F1 NO;~
B ERRE

Table 3 The removal rate of TN and NO; by 22
strains from SBR

mtk  BRERE HAERER

Strain TN removal  NO; -N removal EKB&%E
No. %) %) Optical density
T1 20 23 0.18
T2 16 17 0.21
T3 8 11 0.16
T4 48 54 0.52
T5 40 45 0.50
T6 15 14 0.30
T7 22 20 0.28
T8 15 10 0.27
T9 49 58 0.47
T10 37 60 0.51
T11 63 75 0.60
T12 68 64 0.62
T13 84 91 0.65
T14 25 29 0.38
T15 68 83 0.58
T16 60 68 0.54
T17 38 40 0.40
T18 20 18 0.20
T19 45 52 0.30
T20 26 36 0.28
T21 22 33 0.44
T22 16 20 0.21

AT 52 FR B A R A Rl 40 Pseudomonas
aeruginosa i DO<1.3 mg/L!"", Tfii Pseudomonas
putida AD-21 7E DO ik 5-6 mg/L B AT LLE T
AR AL (KON B4 B 2R L e 15 21
Pseudomonas sp. Y2-1-1 B bk (174 i S8 0k J3E i ik
9.0 mg/L A5 FRFEEH 5 d PIAHERER AU LBR R AF
47%, HILR T 08T & A S5 I AR 56
9 R R £ 1 SR (NAR)AYIE S napA SR
Pseudomonas stutzeri T13 X iR £k i )5 BRI & 21
A U DG I R, rbAer D 1) R R R ki i
FLA5) P B RO DR ) 30% 1 152 5k T13 B4R
AR B i B S 4y
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56 — Pseudomonas plecoglossicida FPC951 (NR024662)
98 Pseudomonas monteilii CIP104883 (NR024910)
Pseudomonas mosselii CFML 90-83 (NR024924)
— 54 Pseudomonas taiwanensis BCRC 17751 (EU103629)
67 _|—Pseud0m0nas asplenii ATCC23835 (NR040802)
51 Pseudomonas japonica 1AM 15071 (NR040992)
36 ——Pseudomonas jessenii CIP105274 (NR024918)
100 Pseudomonas moorei RW10 (NR042542)
Pseudomonas flavescens B62 (NR025947)
Pseudomonas mendocina NCIB 10541 (NR043421)
Pseudomonas pseudoalcaligenes 63 (NR037000)
Pseudomonas alcaliphila AL15-21 (NR024734)
97 Pseudomonas oleovorans RS1 (DQ842018)
Pseudomonas xanthomarina KMM 1477 (NR041044)
Pseudomonas alcaligenes 1AM 12411 (NR043419)

100, Pseudomonas stutzeri 113
J,—{Pseudomonas stutzeri (KF171338)
Pseudomonas balearica (NR025972)

33

5] Pseudomonas otitidis MCC10330 (NR043289)
TO' — Pseudomonas nitroreducens 1AM 439 (NR042435)
100" Pseudomonas panipatensis ESP1 (NR044209)
| |
0.002

E2 Etk T1I3 MEMEREFERELEHNENRGELEN
Figure 2 Phylogenetic trees of strain T13 and related bacteria with N-J
T 2R EE IR A, /MEIRN S NP HI7E GenBank FFIINHS. 7R, 0.2%)7512% 7.
Note: The number at each branch points is the percentage supported by bootstrap and in the parentheses are the GenBank accession numbers
of gene sequences. Bar, 0.2% sequence divergence.

2.3 ETFmNEZENFSREEERERKT R4 KETEERTFWEEEMUER
e =l e “ Wl E R - Table 4 Optimization of key environmental factors
ﬁ}ﬂfi ﬁéﬂf‘ % E/‘]/FUE”T M3z {I'E]llg « PH. LR based on response surface method
ORISR 520, X SEPREE R 2 7R SE PR K Ak . A B C Removal (%)
fiﬂ%ﬁ*gl’fkﬁﬁﬁﬁﬂ*ﬁﬁgﬁﬂ@, @ﬂ;ﬁgﬁﬁfﬁ%ﬁ S Temgfgz)iture pH (rrll)gg(/)L) Experiment Predicted
B SRR R RR T13 A KA ERLBER R, N 1 35.0 6.00 4.0 63.20 62.33
BERR T13 07 T-S2 bR K b PR A5 22 B i 2 2 2"'0 83‘; Sg Sggi 4273
" e S o 3 75 7. ] 70. 76.5
EﬁOEM$?$ﬁﬁﬁM$m@@USM OF 4 27.5 700 25 96.91 97.69
Bt TR B TR A R PR RR IR . 7E 15 °C 5 27.5 700 2.5 97.97 97.69
FARIRAE T, TI3 A —ERRERE T, WA 6 20.0 6.00 4.0 62.34 53.65
ZBRARSy 45.8%. WS, AL f T A L T
‘ B (U SR 8 15.0 700 2.5 32.71 43.09
Bt s oy, A=K Hedselas, (i MR, 9 o 00 5 .
TR FP R RR A0 A K BRI SRS AL R B R A — 2 10 275 700 25 97.20 97.69
TEIELEE R 20-35 °C LN, @tk T13 4K 1 35.0 800 1.0 79.61 76.50
BT s AENREEN 30 °C W, A KA R LA RER: ﬁ Zf) z(‘f) jf) ‘8‘;}; jjjg
I RRAEARIR (15 °C) I o 2544 I R 3 RE T LA 15 20.0 800 1.0 60.01 49.08
iKE] 40%L) I, (HRSEPRaZiGE AR, [GAE] 30% 16 275 70025 98.45 97.69
o it 1 At B 17 275 700 2.5 99.98 97.69
Eﬁ@% 4), 7F 20 °C i, T13 L ESRELE Fh: K s 150 600 1o e 373
g1 ALK E] 60% LA |, BRMEZ{4(pH 6.0) 19 400 700 25 6685 7317
SAF R SLRERRAR ] 50% 44 . 20 27.5 7.00 5.0 63.94 74.19
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AT m A HOWe B S AE I U Al b ad R A
HNO,, Ml asis FEgEtE . B pH /N
5.0 B, AR KA REER 2R TR pH A 4.0
RS AL R RE AN B IR A KSR 225 pH 7.0 B,
PR T13 AR KA, MHAERRSR R S AL 86.78%:;
D RGE pH iR 7E B R R TR AR
AR IR b, SR FH I 7 1T 6 =l BB R 7
IR (15-40 °C). pH (6.0—8.0)FI% i (1-4 mg/L)
LA AL (B 3), 12 B AR 1 0 v i R &k 2 B R
97.75%, MR EBRE 89.74%. FRU AL BUR 1
FEIREE A 25-30 °C; il pH K 7.0; FefFia Sk
FEFE 2.5 mg/Lo Wi N [T AR A 45 5 14 O 22 53 B
P-value 24 0.000 4.

AMIAS R X Pseudomonas T13 A= K 2 il AL
EBREERRE, LUT /AN #A A S
YEMBRBR T13 ME—BRUE AT LR HE B ik T13 194E
FFE  SEHGH A TR AR U K BRI (T R
B)HR ST Rl 400-900 mg/L , ilERER Z(KNO3)
FRI I BE Y Bl R 100—250 mg/L . 388 3 Wi 137 TR A AL B
AT Bk Pseudomonas T13 [ AT s i Ak sk
R, 38 R B R Rl B AL, BRI
T13 AYRS R 2R R bR AL L B N K, Bl i
RELREMG, SUMALEFEREIR(E 4). 24 CON Hk
F| 4:1 B At B O A Rk 2 A PR R A F)
85%LA I, BFRIRASTEFEN C/N HigmE] 8:1
JERHIRER LB F A ik F 95% (% 5). MLy AL
25 R )5 22504 P-value<0.000 1., ASSZ5 2Rl
WFFE BB AT U AL R X31 DA RN
T VAR BsF T R 1) SR Ak R R R s T R ERAE R
B, 245 C/N KT 5 i, AR AEIA S 90% LA E,
11 3 0 A 5% BE /K AR o i 3% 3K 45 1% Pseudomonas
GCS5, DL EAMIRITR A LT 2 AE 15:1 BhA 3 i
M RSKAERY . DRI, AT S A AU bR T13
X B8 ATl 280 L ) 75 SR AR A ok 128 S B i v LA
— BRI

C/N JELERFIR b P ARAT B U i AR 1 32
TR BE, TR A G i —
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Figure 3 Optimization of temperature, pH, DO on
aerobic denitrification by response surface methodology
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Removal (%)

200.00 =
175.00
150.00 1550 10
B: NO,™-N (mg/L) ’

00 %

B4 ETWNEEAHKER. RRXNFERELSEE
Figure 4 Optimization of carbon and nitrogen on aerobic
denitrification by response surface methodology

®5 R RURIEEEERHE

Table S Optimization of carbon and nitrogen based on
response surface method

il AR Removal (%)
Design (Ii(g)g) IEIHCI);;LI;I Experiment  Predicted
1 800.00 200.00 79.27 70.52
2 600.00 150.00 83.19 86.02
3 600.00 79.29 92.89 91.24
4 600.00 150.00 89.16 86.02
5 600.00 150.00 91.96 86.02
6 600.00 150.00 90.31 86.02
7 800.00 100.00 95.18 93.84
8 317.16 150.00 35.17 40.34
9 400.00 100.00 80.18 75.52
10 600.00 150.00 90.15 86.02
11 400.00 200.00 27.23 16.20
12 882.84 150.00 95.97 91.71
13 600.00 220.71 30.26 32.81

Bl R A SR 14 2 T8 T 22 b2 AR IR A5 I, Bk
DRIHAERR T, TG MRS o 7 R A L AN PR
WP, AT IS AR AH DGR R Rk, A T4
AR o FEHAAS R4S S RS AL TR A9 He
RI, WA R AR RBRACRE R 23 [R5 i
XTI A TR, AR A S RE A R IR 4L S
Pt FEXT C/N FLrF=RU0) 8% DO vk BE AT LARE
5] 2.0-6.0 mg/L., % Pseudomonas J& M4 %

1§ A4 T RE 5 XoF B 1 I A 40 (>10.0 mg/L) #E 4T i
MY SR I A B R A AR AR (5.0 mg/L) KPR
R BRI VR BE LA FI>50% 140 MR R, A&
5T Fh 34514 Pseudomonas T13 HYE B | ARV AR 4
WP R 2.5 mg/L AeAy, PO LAt 48 1) i SR oK
G, AR AR A S O 25 R R i Ak it
XA PURIR BT KB /D, XX FRSIRER & 28
(5 K Hg s b+ A F
3 g

K IAZET T SBR WA UHIE T2, 3R15—
FRESU I S RS B Pseudomonas T13, K FH
7 TR X1 R PR () S SHERZ el PR ik &L LG . pH AN
i B TEE AL, R E AU A AR 1S
HIREIERCY 25-30 °C; il pH A RN, &
‘H A COD/NO; -N 4 4:1 VU I ; SefERma kg e
2.5 mg/L, RALSAIFTFE 18 h 5k B i o hig R £k 25
B 95%, SR ERRE 90%, 5T KA RRA
FNBR PRI RS TS , IAH A G EE R R IA RE S
T IR S PR R B SR SRS AR S o
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