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Abstract

Abstract

Biological denitrification is regarded as the most promising technology for wastewater
denitrification due to its advantages of high efficiency, environmental friendliness, and
economy. Compared to autotrophs, aerobic denitrifying bacteria have a short generation cycle,
fast growth rate, and high denitrification efficiency, showing good prospects for application in
enhanced biological nitrogen removal from wastewater. However, most aerobic denitrifying
bacteria studies focus on the actual denitrification effect. There is still a need for systematic and
in-depth research on improving their operational stability and reducing application costs. Based
on this, this study was conducted to evaluate the effect of nitrogen removal from simulated
domestic wastewater and MBR effluent by using the strains stored by the group, to obtain a
formulation of aerobic denitrification inoculum and to optimize the mixed fermentation process
conditions of the resulting inoculum to increase the concentration of the bacteria and thus
reduce the preparation cost. Further, the resulting aerobic denitrification inoculum was injected
into the aerobic tank of the A/O-MBR to study the effect of enhanced biological nitrogen
removal and the microbial community succession in the reactor. The preliminary analysis of the
denitrification pathways of the essential aerobic denitrifying bacteria, combined with nitrogen
balance analysis and changes in the enzymatic activity of key denitrification enzymes, is
intended to enrich the knowledge of aerobic denitrifying bacteria nitrogen removal and provide
technological support for the development and application of aerobic denitrification inoculum,
which is of great academic significance and practical value. The main research contents and
results are as follows:

(1) Evaluation of the denitrification effect for aerobic denitrifying bacteria. The nitrogen
removal capacity of aerobic denitrifying strains B301, B308, B601, P6, X01, and Y11 were
limited by C/N. In systems with a relatively low C/N, strains could grow slower and not perform
nitrogen degradation. Strains could carry out normal metabolism and effective nitrogen removal
in a suitable carbon source system. The six aerobic denitrifying strains had no competitive
antagonism with each other and could be combined into the aerobic denitrification inoculum
for subsequent tests.

(2) Optimization of mixed fermentation conditions for aerobic denitrification inoculum.
The components and process conditions of the fermentation medium were optimized by shaking
bed tests, in which the nitrogen source was 2.3 g/L NH4HCO3, the carbon source was 20 g/L
glucose, the metal ion was 0.1 g/L Fe**, the fermentation pH was 7.5, the incubation temperature
was 40°C, and the loading volume was 100 mL. The 3 L fermenter experiment results showed
that the maximum ODsoo obtained was 4.13 at 9 h, 24 h, and 48 h, which was significantly better
than the control group without replenishment (2.31), and the highest viable count of 39 billion
CFU/mL at 96 h. The fermentation broth's dry weight and cell yield were 12.73 g/L and 0.29
g/g, respectively.

(3) Study on aerobic denitrification inoculum enhanced nitrogen removal in domestic
wastewater. The total nitrogen (TN) removal rate of the experimental group with the aerobic
denitrification inoculum was 60.34%, 17.55% higher than that of the control group, and the
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effluent TN concentration was 12.75+£2.72 mg/L, in line with China's Standard for the
Discharge of Pollutants from Urban Wastewater Treatment Plants (GB 18918-2002). With the
combination of microbial community analysis, it was clear that the addition of aerobic
denitrification inoculum not only improved the microbial community structure, increasing its
abundance and diversity, but also helped to promote the enrichment of dominant genera in the
community, thus enhancing the nitrogen removal performance of the A/O-MBR system.

(4) Preliminary investigation on the physiological, biochemical, and denitrification
pathways of aerobic denitrifying bacteria strain B301. The results show that strain B301
removed nitrogen via heterotrophic nitrification and aerobic denitrification (HN-AD) without
nitrite accumulation. It exhibited the optimal nitrogen removal efficiency under 30°C, citrate as
the carbon source and C/N ratio of 15. The maximal rates of ammonium, nitrate and nitrite
achieved 2.11 mgNH4"-N/(L-h), 1.62 mgNO3 -N/(L-h) and 1.41 mgNO, -N/(L-h), respectively,
when ammonium, nitrate and nitrite were employed as the only nitrogen source under aerobic
conditions. Ammonium nitrogen was preferentially consumed via HN-AD in the coexistence
of three nitrogen species. Nitrogen balance analysis suggested that 83.25% of ammonium was
converted to gaseous nitrogen. The HD-AD pathway catalyzed by strain B301 followed
NH,; - NH,0H - NO; — NO; — NO; — N, supported by the results of key denitrifying
enzymatic activities. This strain exhibited excellent nitrogen removal ability and had great

potential in disposing of nitrogenous wastewater.

Keywords: Aerobic denitrification; Biological nitrogen removal; Microbial agent; Domestic

sewage
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1.1 EYIBRE AR
1.1.1 BRBEEIR

IR R N LA A I R R, R = S5 R R OCEEFE . B R E E R
STFMPUE R R, NRAEEKTH T, AT KHE 20838 m, mt B
RITRAERM - (2021 4 [ A2 A G TR0 DI o, A 2021 F 2 & (NH4 -
N) BHEEA 86.8 Jilli, Hrh, AT /KH NHs N HEE 5 66.9%, =ik 58.0 1
s S CTND U HERCE N 316.7 J3M, AETHIRTS K TN HESE 5 E 43.6%, 4 138.0
Jill. BERE R FE SR T B I B iR R ), SRESR IR, Nk, K
O KA FRT 15 A bR#E) (GB 18918-2002) —2% A bruERARRIE L, TN K
FERME A 15 mg/L, NHs*-N A 5mg/L. 50X H & 758 i ity bRk, 5140 B
BT 7 B itE KO 7K AR B ) 3 B KI5 B FRAE ) (DB5301/T43-2020) 1)—%% A
HechbrtE A, FSRHK TN AKZE 5 mg/L, NHs*-N K% 1 mg/L.
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MEFEAR, 2 RAREMWIET AR (Anaerobic Ammonia Oxidation, ANAMMOX). H
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Fig. 1-1 Traditional biological nitrogen removal process
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Table 1-1 Characteristics of different biological nitrogen removal techniques

M AR RAEREM H 7% AL IR AL
%: NHs—NO; /NO,
EI JR4: NHs+NO» —N, W NHs 3R 1% NHs' >N,

-{ﬁj{’f\‘: NO3; /NO; —N»

EEBS T 217 A S AT R — R

34 e SR Rl bR, 5
e 205 TG PR AN W R
HibR A K D ‘
- iaﬁuﬁf ARBIRANK BT A EBEIR %
=]
S 3 1 7 (N0 55 NO) %
PR B 4 * PR N ?

1.2 SRR B AR T R
1.2.1 HFERRBEUMERIRES R

E M ZE — R U8 SRS AL B R Thiosphaera pantotropha 1E A R it i 28025 B 0 R
A3 B R IO, Rk 12 F TR KA FRAEI I . SRR A5 K AL SR AN [ 3
BRI T R R A A AR, SRR AR S (R 1-2). RZH
IR AT AE D D AR TE B T] (Proteobacteria) JEEEWE ] (Firmicutes) AR RZE
Il (Actinobacteriota) BN, [T 4B A8, AN Gk MR DTER P 73 29 th B 4
AURAEAERE M R (BERER 202,

R 1-2 2020~2022 475 &5 H B 73 i EU AL T E W)
Table 1-2 Some aerobic denitrifiers isolated within 2020-2022

Il T FeU SAHAL R G0
i Bacillus subtilis JD-014 K= FRE B3 0.80 mg NO5;-N/(L - h) 2021022
¢

Rhizobium pusense WST" T5IKAL BT 3.51 mg NO; -N/(L - h) 2022121

2



] Tt S AL F
Exiguobacterium liaexicanum S 3.63 mg NOy-N/(L - h) 20211241
SND-01
Acinetobacter sp. NDT* T5IKAR B 2.77 mg NO3-N/(L - h) 2020241
_ Sporidiobolus pararoseus Y1* HEIREE LTV 4.81 mg NO3™-N/(L-h) 2020201
" Penicillium tropicum 150293 Hh K 4.86 mg NO3 -N/(L -h) 20201261

T IR B A R IR A R
1.2.2 FERRBLKIZwE R

(1) R

L SR R 22 B S S A U AE I B RE ) T BRI R 2 — . HATRBLE R
o I R I AT AE MR R, BOE MR R 25~37°C, R s i R A
5 E) T R 4 PR PN 1) ) i Tl D281, g g i B 4 S SR A A AR o ARt — S 4 AR
TR MRAEAR IR B i IR B T B BRI B 22 Bk 30, e dn, IR K 43 88
KK Acinetobacter sp. TAC-182, 7F 5°C%} NHa"-N ) R R AERIA 94.6%; iR Tl
R 7K HR % H TR R Chelatococcus daeguensis TAD1 15 50°C | 7] R 2Bk & &5 949,
Bt NH =N ZERFTTIEE] 96.1%. X LETH HE sl AR b AR H AL AR A B, — 7 TH
SRR T HK FUSA R R A EEE X 55— oy — iR EREFAE 45°CLLE
HISE bR TNV IE K CANERERAE P PR K MERHEK . BEE SR ISORD o B AL 3 4b B 1R —
T SR

(2) BRIFABR L

I A B R 48K 22 B0 S S RS AT A P35l e 3R e A BRI R R BLBR R 4t 47
A AT R AR . W WRIBIE R CIREL . TIREL. MAPE. AT BIR EL A RERE
5 o /N [l R PR S SRS R A B A A BT s R BB AR BT AN R« Serratia marcescens CL15028
5 LA &) B8 D R I B BRABE & A, e NHa'™-N R ERF AL H] 96.9%; 1M X T
Acinetobacter sp. TIBY Marinobacter sp. F6PUfll Pseudomonas stutzeri T1PVZE Bk R,
MR THERE R AN, 1w E CRRBAFTERIRE S 52/ St S i
Ui, HEBRFEYIEEIAS] 40%LL o TESRPRACES RS, WFAN SR DRAET, FoKEE
DA B A 7 437 32 BV AR % 1 S35 m] T I S SO A A D R i U R, XA 4%
T bR A PRAL B S ), IR LGB . BRILZAN, RIS ANEEREAT VAL AR
RAR s O mT L, [ 25 Bk i PR 7 XA E Sy S A Ao R PR B U

AL (C/N ) R A M E IR AR E R R —, HogfE
R S T AR LU B B HR R . RATESER CN EF, IREREA Rk BRI E.
AR C/N LA B AR A, I e ) 2 s g 2R 1 2k 09, K 2 B U S A AR
B ) C/N EUAE 8~10 Z[H)o HWA #7047 U A AL B RRAEAIR /N BL SR AR I e
I MERE, Z2U0 Acinetobacter sp. Y16BOE C/N LN 2 B NH4™-N [ L BRZFE ML 66%.

(3) HAl AR

SISO D IR B RE A B R b 46 pH. EEM SR 155, iR
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PIRESS A 25 AR A [F] B &5 B &4 (40 NHa™-N+ NO3;™-N Al NO2 -ND i [F] {4
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TE 5B e IR AL - I S R I A A R b, AR I 2 v mT BB % A S i 4
filf (Ammonia Monooxygenase, AMO) . }2 X% {L 1 (Hydroxylamine Oxidoreductase, HAO) .
TAH R LB (Nitrite Oxidoreductase, NIO). fifRIL )5 (Nitrate Reductase, NAR). ¥
FEMRIL B (Nitrite Reductase, NIR). —%8 &L 5 HF (Nitric Oxide Reductase, NOR)
Fl—4%4k &L 5B (Nitrous Oxide Reductase, NoORD o fUZE W RS AL, S Air Ak 3ok F2 Al i
SECIP MR [ B A48 P - A5 8 PR EE (ETC) [HEAT, ETC RGUEHE 4 NSRS, 45
s& NADH [t &8s (E&1k D, BB be &K (EE4 D ULGIMEER ¢ (K 1-2),
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Fig. 1-2 Carbon and nitrogen metabolism in heterotrophic nitrification-aerobic denitrification processi°
ANFEIA D B EACE A KR R R A UK 2 57, S BUR A B HN-AD )
FIRREIEE WA FTRERY, HN-AD fUEY) 2 A AL e e g A2 leel, —
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HE iR

AD FIETEIE S — MR REE, MRAERM N 1-1 % 1-7 Pios.

NH; +H’+0,+2¢" — NH,0H+H,0 (1-1
NH,OH+H,0 — NO, +5H" +4¢’ (1-2)
NO, +H,0 — NO,+2H" +2¢ (1-3)

NO,+2H"+2e" - NO, +H, (1-4)
NO,+2H"+e" —» NO+H,0 (1-5)
2NO+2H"+2e" - N,0+H,0 (1-6)
N,0+2H"+2e" - N,+H,0 (1-7)

SR, FEBF AU B AL IS F2 7, H T~ NO3™-N IR BRI A% AL 1), S g s H I 43 NO, -
N RIS NO» -N W R PE IR ER B2 50, R0 TN £RBRE, S2f
AREREFRAEAYIRES . WL, JEU)5 Ei2 n] A e E 2 M S Z NG AAR
NO> -N [ HN-AD -

1.3 FERBEAEY R ERS AR AR
1.3.1 YRR BEARTT AR R

AR AR BT AR TG kY5 G fod G PSR A, TS KA AR
BUE A PRI B ARG TR, P2 30 [ N A28 12 %0 . BT /KB R GiHin
NEARE DR A, v AR & B FRis G0 25 R e M 5 R s AT AR e Tt
MTTTIE B34k 15 7K 1) H B2,

LI AE DB AR B BRI IR B R R e A AR RS, SR
e Sk H BRI P B B fE E A% 2R (B AT RN R IR EE), Rt AT
Bhn. MEME, BERERINERERE Sy SR B At S8, Rl E
PR B T I BLAE ks A7 LR A AR i e () Il L, Akl B 2 UG T RO IR s
AN B A Bt RS B At B RO R AR i R O =K
1.3.2 B ALY TRAG B BB ARFE TS K AL 1) LA BRAR

HTAEKEER, 5LEMAEYILERKEE IR, FRRMARMEDY iz M T4E
P A AR AR ), VF 2 3 DT T R T U A A= P s A i R AR B 7
WEIH R A AR Fis KA RCR . 29 NOs™-N fifif i 140 mg/L B, 4% = iEtb i
Pseudomonas sp. GL19 T 584 %k NOs-N, HJo NO,-N &, TN P LFRFA
96.5%P1, MK JE H A4S AU S AL 41 B Pseudomonas stutzeri ZF31 A s AL IR A 15
R B B, 10°CHT TN 2[R A 1A 5 60.08%07, I 4 Se il Ak ik Pseudomonas stutzeri
ADP-19 g 540 FP A 3 S B 2 (SBROAR R PR S8R 9 H /K, FE AT S8 %A T AT RN 25 B 96.5%
) NH4™-N F1 73.3% IR AR, 4 S S 1L TR Acinetobacter junii YB 1% 20% (v/v) [
FmE M 2 SBR HAabHE NHa-N JE/K, S5 EX AL, NHe-N ZERZFM 93.75%
FHE#] 99.71%, TN LR 75.89%H 512 94.29%0, FERAY) R Bi#E (MBR) #
Gp b T S SO AL TR BR Acinetobacter sp. TSHI, 55 91 d IF, HiZK NH4*-N IRFEFFAKE
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20 mg/L LA'R, NH4™-N EERRFZESE 82.6%~87.2%, F H H7K NOs-N K B & #i B,
FSETE 7.9 mg/L~17.2 mg/L1®%. FERBIRAEDNE B (MBBR) H i 2 S R
Pk Acinetobacter sp. TAC-1 AbFRFRIE KK, S5RFRIH, NHa'-N Al TN 19 %R %5 3
M 16.53 mg/(L - h) A1 16.15 mg/(L - h)3# in % 24.58 mg/(L - h) Al 24.45 mg/(L - h)®4,

1.3.3 T AL R A A= IR Fu it R

HR—TERAALE, 2R ) B R AE Y SRR E FIATAT PT LG 38 58 Dy BRAR A0 i 808K
SR, g B B A EEY IR = R Gk e YA I AL AR 2, Ea s iRE W
AP T2 I RS O, BRI U RS AL B iR (Delftia sp.YHO1 Fl Acidovorax sp.YH02)
PSS LLIR & 10 77 Ui A P 711 (ODe00=2.0), #21E/K &1 30%4% % SBR N, A LA
¥ NOs™-N. TN Fl COD EFRF A/ HIFE R 12.1%. 9.2%F1 9.4%5], i 4 S i A4 1k A= 4 il
R HOIN 2 AR S N %, F TRk AR B SR B NOs™-N JB/K, REiREis TG
NO;™-N P KERF AL 93%LA L, COD [P L ERFF2EAE 98% %, 5 =tk MBi3k %
PEW 4y B A5 B B U R = S A B AR Achromobacter xylosoxidans GAD4 . Comonas
testosteroni GAD3 Fll Agrobacterium tumefaciens LAD9, #% 1:1:1 B ECBIVRE A ] 48 i AE
Yo7, M2 SBR HRdtAT A am A T i K B U 7T, SRR B, O A Yl
eI SBR R4 TN 2ER3E (80.5%) 7,

PRITE RS e SOt S SRR A R AR A s S5 o, R SR SRR A E s A i BB R
L5 KA, B RUFOHET S ETR . SR, KB ot SR A A0 AR ) ) 7] )
TR, RPIREERE N E ARG, HRZ M E SR AR T, i
I A SR E R IS AT R E I, BN FHRCAS, 3Rl BRI, DT K E &
gt WA AR

1.4 BR5TH BRI

PR A = BRGSO B R R R BT K R B
H T A 5] Bt T 0 B LR AR AE 22 5, AR G AR I BBOR 75 ZE el A R S Al A P
FRTRSL R RE, TS AL B B i) B TR A KON 8 HA A B AF 2R 4, 5L
G R L2 R shif a1, AT st st il w, JE AR TR T b it . i
TR, RTUFA S Y R B BRI T3 22238 1) 2 )0, 5 B IR A
bC, SR SR A AE VRO 0, AR E PR, BRI e, K H BN 225 Bk AR
AT SRR R IR PERE, A SE PR TREA N A R A DS AT

LT, AWIIUE BT NIRRT AR BEARADL A R TS K R S AR IS AT
MBR K FIBERCR SR AU R A D RIRI i R R 7 558, T LT
T EMRIR G KB T 25T, AU AU E YT R S R B 2 A s LEE LR I,
¥ BT AU S0 A0 T A P 7R 300 22 A/O-MBR -4t , i 58 a0 AR 0 i 8P R
RIS TE YRR B e, B RO OB IR, A ST
BT AT BEE B U AR AL, B A LB R AR . W JE A RNV AT 3 5 B S S A AL T
AR R A R AR, U SR A A AR R ] B 2P SR B RoR S48 wT
NSERRG KA B AR S SR A B, BRAREOE AISAT A, BATRONE BN AR R
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LI SR AR [ b B 15 7K B LR ] Rl
Lo AR A |
\ WU S| EFEURBELEBRB30IME || ra T
KHEE R IE IR [ AL T R 250§ J A oot
! PR B RO i
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K 1-3 FoRBRZL K
Fig. 1-3 Technology roadmap
(1) B SR TR AR R T BRI 98 o« ARV 315 7K B s 50 %2 35 47 Y MBR HE K

AL G, B AT SN % AT AR I A A SO AR ROR, B4 NHS =N\ NO3™-N., NO>™-N,
TN. COD F4if1% . (ODgoo), FRAFHIF S A ZU A= Pl 511 £ 52 BC S 7 o

(2) TR AEAR I B E i R A K B T2 56k . AL IS 7 W AR & K
P T 2504, BFEmi . RUEA S8 B 1558 7756, DU IR pH AR JE S5 5L
DA TR AR B2 B 2, 3RS I A0S LA Tt 2 A A ) 70 ) e o U T S A2

(3) 58 S R A ot S8V A P ) R s A A D Mo 80 S R - AE B ekt B, DA
BADAETETG AR AT 5, s IR T A/O-MBR HILF4E CAEY)IEIR)
N, TR A S RSOR B S A AR A RS R

M)%%ﬁﬁ%iﬁi%&%ﬁ&%%%ﬁﬁ%%%ofitm%ﬁwi iGN
AR, WEIHXT NH-N. NOs -N Fl NO, -N B, Ji i &Pl A AR 20 0%
SEBRE B E , WI g H i R s AT
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BT FERFEUERNREZRMR

21 3%

IS S A AR B R R I A S U . XA AR R, 5+
EAFE KRR S PSS, AT RIS B A (NHS-NDL SR (NOs -N) FIg Ik
A BRELL (CN ED M ir S A AR Y i A R B 22 R R 2 — 128, A[F]
RSSO ARG IR /N LE A AN . AR AR I, Bumi) ON HE s
ATl BT E D B G 18 TIAERUIRAT C/N EETR, S8 SR AL TR A 08 3 B
HARZE I NHy™-N R BRAE SRR ASALBE J1 . 2200 Acinetobacter junii YB®®, 4 C/N LL
2 HENE 15 i), H NH4-N ZBRER M 4.04 37024 10.09 mg NH4-N/(L-h). KZHUFE
SR E D& B C/N HEAE 8~10 1]

A DB AR VS V5 7K S S8 S i AT B AE ) [ B s (MBR) HIZK AL R, HIF 5%
SEIG =B /N IR I EUSOFHAL EPR I RRCR, B45 NHa™-N. NOs™-N FLE & (TN) Z5 (Y
KRR, PAFEF R R ZE VI R R AR 7 . ARSI b, B S
56 N AR R 790 ) B R RCR AR s AR B SR S R A Il U ZE MR R R AT 1, e BEAE
TCBLE Hefill o
2.2 MRETTE
2.2.1 FFERAAER R

UF AL TR R B301 R MR R SF AT D B308 (RDIRZFAUATERD. B601 (Al
AR Po (Bl IREFAIFT I D X01 CGEVDARE D A Y11 CB R AT, ¥k
ey 2 DRy T Ak HL AT S UL RE 70, R B B AR O B AR AR L3R 2-1

® 2-1 MR E YRt
Table 2-1 Characteristics of aerobic denitrifying bacteria
RS il BT

TR IR AT T B R i A2 U AL BE 000, e e b))
AR, FEREYIE T DR T2 _E B ORI ANME
Y AT A B RTE B RE 7 LS| W £ 1R s, 3B B A [
B iR YRS 2 Fhie /)0,
RS B SR AL - A SRR AL VA I RE 0128, AT 2 fie
BESAE YRR BOAH LA T
B B2 AT T B A B VA BESTRN[E BURE 0, IR m A R
M B, AT YRR,
T VDRI A IR R A S H A RF 2, SR B — 2 A
Bt VAR [ e e
AR R - E B R RO, A (R T
RPERERIMSNEEY) (EPS) {Ry4H)f1E0,

B301 MR 2 AT R

B308 R AT B

B601 R 2R AT B R

P6 el P EF f A 1

X01 YR IR

Y11 TR R
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2.2.2 R

I AT FH LR B e b 2l T B 25 88 AL SR BR A R C R .
2.2.3 FEREALE R EI R BERIEO

(D EHREENL

HYH PR AE -80°CUKFE AH M. B AR AR, TOE W & N i 5, B8 (£ 0.9mL)
FAF3EE S0mL 2K I Luria Bertani 55553 (LB) A (3 2-2). BEIFIH O 20 AR
B HaEE, BTRKESRIE (30°C, 160 r/min), 5% FER IR R B

*2-2 BErFREMAC T

Table 2-2 Media components

RiRBEMETT  BEAR (L) BERHERW) (g/L) NaCl (g/L) B (g/L)
LB 10 5 10
7 LB 10 5 10 20

(2) TR E V%
I E R R R BRI AL, U 10 12 CFU/100 mL IR B, 7E 5000
r/min 250 15 min 2 TG /KPEE 3 IR G, RIS S EHRIEHE e, &H.
(3) B AU AL TR R 1A i BRI 92
DI AE IE TS K I SE 56 2 MBR HIZK (L3 2-3) NARBEX R, #E3E N 100 mL
() 250 mL HETZI A 20 030 (2) IR Ve, B THREPRIESERE 77 24 h(30°C, 40 r/min).
FERE 3 h BURE— IR, M AN AR R B NHs™-NL NO3 =N, NO, -N., b2 T4 & (COD).
TN FIHHI %5 (ODgoo)» HIF 7145 B Ak b BRARFUL A= 75 75 7K MBR H 7K (19 it U8R
* 2-3 B A TS TS KR MBR 7K 2 R

Table 2-3 Components of domestic wastewater and MBR effluent

AT NH;~N (mg/L) NO;-N (mg/L) COD (mg/L) TN (mg/L)
ARG K 1 28.58+0.41 - 319.35+0.00 35.340.88
B ARG K 1T 30.34+0.41 - 447.10%0.00 36.12+0.07

MBR K I 0.9240.05 14.53+0.11 47.9+7.53 17.89+0.34
MBR /K 11 1.05+0.06 26.21+0.54 53.23+0.00 28.47+0.61

e RIS AW R EAT, Hh Rk B301. B308. B601 Al P6 NS T Hikik, Hkk X01 Y11 K
55 AR BERVAR RS 7K TR A v& 5 7K 11 AR [ —BC 7 Bci)s MBR HiZK TAT MBR K 11 45K
36 RIS AT I MBR HiK. B IG15KEL T W3 2-4.
(4) TS BRIt U0 A A i 551 A BER A0 A 375 75 7K ) It 80 R

WS ERIREREIE 1. 12 1: 12 1 1 WEENRES, RIS I & A
WA DA IETG AN AL BT 5, BN S S AL R R s e (Befh & 10 12
CFU/100 mL), B TH#AKEFE 24 h (30°C, 40 r/mind. &R 12 h BURE—k, e HEE
A TN WREE, W18 WE H AR
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* 2-4 BHAEETS KIS

Table 2-4 The composition of domestic wastewater

4R WE (mg/L) B i WIE (mg/L) 4R WE (mg/L)
B 230.0 HE R 60.0 TeK RN 40.0
TNE 20.0 NaHCO; 198.0 KaH,POy4 12.0
NH4HCO3 170.0 MgCl,-6H>0 2.4 Je/K CaCl, 1.2
FeCly-6H,0 1.0

2.2.4 S HrAIE 5758

B KRR 5E BT 48156 B0 (4°C, 15 min, 5000 r/min), YCAE ) _EEHH T NHs™-N.
NO, -N. NOs;-N. COD # TN fJl5E . iR ERASEAREA R [ R bsufk 7 i e By, %
B BCK PO 0% (GB 4789.2-2016) € o J8IE 43 BT (A UV-1800, H A
£ 600 nm A T Wl 5E KPR ) ODsoo
2.3 ERE5
2.3.1 BHERHIAEKHZR

I 2 R AR AR A 2R, B S B AR O AR A A, DT i R B Y TR ]

K 2-1 A& Pk B301. B308. B601. P6. X01 1 Y11 (A K iz,
3.0

—a—B301 —5-B308 —e—B601
|—2—P6 —x—X01 —e-Yl11

0 3 E‘; 9I 1I2 1;5 2I4 3I6 48
el Chd
Kl 2-1 wRAE K

Fig. 2-1 Growth curve of strains

Ftk B301. B308. P6. X01 A1 Y11 AEKB vilig, 25 3 h I35 Sk A B4 KO
MR B601 & RHA, A 3h K, (HE 12h J5, KEERAE 600 nm &G
HEEL ETEa% . % 24nh i, L B301. B308. B601. P6. X01 A1 Y11 ¥ykhF %%
AR, HRBEE ODsoo 4ERFIERL 7K, I & B R K BEVR ) ODeoo 73319 1.47+
2.19. 1.90, 2.28. 2.39 H12.31. PEh, € & BER B0E BOR RESS IR I 6] 24 h, FFHIME
o = R A AL AR R 2 1R TA]
2.3.2 AEAKEREE

INRIF AR A A R AR AR A 5 V5 K 1) NHS N RS WE 2-2a Fis. Bk

10
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B301. B308. B601. P6. XO01 1 Y11 $5HH 0K NHa™-N H Akl At TE A A, NHa'-
N ZBRRAKIN 19.8%- 17.2%-21.2%-21.7%- 21.47%H1 19.15%. [ N AT, Ekk B301.

B308. B601 11 P6 &b Td& Mip B, KBNS, NHe'-N ZRBCRAUE, 12 h 5,

NH4™-N R FEA BB R . Bk X01 1 Y11 75 M H B0 NH N iR BT 5
IR, XATRERBINE S C/N H . RIEEE (DO) MR RN, HAREMERERRME
PP EAS (N FAoy NHy N2 120 J5, SHAERBLGALL, NHy N #KEH
HILBA I R X5 DA BB o 45 AR 84, iy T I (40 t/min B, DO
0.96~1.42mg/L), HRZ 7&K DO, /SHRIFASRELFEREAIERATES, FENHS N
WA 5R

@gy ] . (b)1.7 |
32 15
~ 30 & ~
. J13 A
£ 28 £
N~ A 1.1
26 i
% %09
g 24 - &
&  |-a—B301 —B-B3os » B —A—B301 —B—B308
1-e—B601 —a—P6 ' —e—B601 —A—P6
b |EX0  —e—vi 05 ——X01 _—e—VYl1
0 3 6 o 12 24 0 3 6 o 12 24
il Ch) it (h)

P 2-2 NH4*-N iR EEBE R A AR L (a: BEAETETS 7K b: MBR H7K)
Fig. 2-2 Variation in NH4*-N concentration (a: domestic wastewater; b: MBR effluent)

PRI SEAH AL AR ST MBR H 7K A NH N 225 80R G0 2-2b AR . SR s ik
B301. B308 #1 B601 ) MBR Hi/kik % NH'-N WK% TH s 5 PR, MRt bk P6.
X01 F1 Y11 ) MBR 7KK R NHs-N R RA 2O EAER . E 24 h B, KRA
NH4™-N KFE) S THIAAE . X 0] B2 BRURTEFR 7 & ERAR IR, RRAEE ) B A 4t
SR NH, NI, AT 242 NH N 3R EFm IS . 518 2-2a #HEL, MBR HIKIE R
[ C/N LLEAK, U U A B bR B T8 = 78 R IRRIR, AR S22 835 4], ekt
TR B U
2.3.3 THAERE RN

FN PRI S8R A TR AR A AU AR 35 15 7K R I NOs™-N L BRI Ui ] 2-3a fiR . AUl AR
TG KR R NOs™-N K FEER 2L H e = G BRI B %s . 7E 24 h BF, Bk B301.
B308. B601. P6. X01 1 Y11 [ NOs -N K E#bE =T 0, =254 0.15mg/L. 0.06
mg/L. 0.03mg/L. 0.78mg/L. 1.74mg/L 1 1.93 mg/L. H #i AMTFTN AT 155 S g4k i
REEEZEAWMUL /£ NHS-N SR B IAR (AMO) MR (NH.0H) J5H M
S AFIEAIRE, — R EAL N NO, =N AT NO;-N; 7 —F /& NHOH BLE#1L 4 N
SEA U RS EARAE RIS K R NO2 -N Fll NO3™-N FREGZE B, CNRTE w]
REMERIR

11
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ISR AL B R MBRH K FF ) NOs =N ZBRBCR WA 2-3 1 b Al ¢ fizs.
7£ 24h B, 4%F B301. B308. B601. P6 F1 Y11 ] MBR H/KAK R NOs-N ¥ & # S 8
R TR S (H TR R, T B R X01 HBL/NMIEE T B, FEIKE 25.83 mg/L.
IR EAL PR E MBR /KK RN NOs-N IRE TR EABM, IXRIFEREE C/N Lt
5T ICIERI A NOs™-N 47 it id 2 .

@25 —&—B301 —&—B308 ®). ]
—e—B60L —A—P6
—%—X01 —e—Y11

R 20 A 16 - 1
5 3
E 15 1 §°’15 ;
1
& 10 A =,
A Y
ﬁ: 0.5 - ki i
i ¥ 13
= —A—B301 —B8—B308
0.0 12 —9—B601 —A—P6
0 3 6 9 12 24
iR Ch)
(c)
30
28
-
> i
e
~ 26
o i
®
&
% 24
E&
—%—X01 —e—Y11l
22 . . . .
0 3 6 9 12 24

i Ch)
] 2-3 NOy-N iR FEREIT A 9284 (a: BEUARETS7K; b: MBR Hi7K I; ¢: MBR Hi/K ID
Fig. 2-3 Variation in NO3™-N concentration
(a: domestic wastewater; b: MBR effluent I; c: MBR effluent II)
2.3.4 WRHBEIRERIZ

PNERIF S AL T PR B AT 75 K 1 ) NO2 =N L BREICRInEE 2-5 fos. B
KRR NO2 -N IR EERIRUR, XYW EGERE S, KD NOs™-N Al RE B AL
N Na» HAMITEEH B NO2 -N AR E o DU 70 bt B IR 45 SRS, by T ik A
B i S AEALYERE, AT LR AL AR e el S RUR B2 40, B VS IIAS 2] NO2™-N
A7 A2,

INPRIF AU AR AR MBR K H1 ) NO2 =N 2 BREUR I15E 2-6 . MBR HiZK
RAR A NO-N IR RUR. T2 BT, 3 S A TR PR JC IR0 4T IR R A
i, 7£ MBR /K& RAHEAAAF, ToiA ZOH A NOs™-N JfoR H AL NO2™-N, - [l
MBR 7Kk Z ) NO2 -N ¥ EE LR EFAE B ACF
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# 2-5 BAE IS K A NOy =N I FE Fifi i [ (1) 42 4k,

Table 2-5 Variation in NO,>-N concentration with time in domestic wastewater

TR A 44 PR Oh 3h 6h 9h 12 h 24 h
B301 0.00 0.00 0.00 0.00 0.00 0.00
B308 0.00 0.00 0.00 0.00 0.00 0.00
B601 0.00 0.00 0.00 0.00 0.00 0.00

P6 0.00 0.00 0.00 0.00 0.00 0.00
X01 0.00 0.00 0.00 0.00 0.00 0.00
Y11 0.00 0.00 0.00 0.08 0.03 0.00

2% 2-6 MBR Hi7K H NO, =N ¥R J& Ba I ] i 224,

Table 2-6 Variation in NO, -N concentration with time in MBR effluent

H AR Oh 3h 6h 9h 12 h 24 h
B301 0.00 0.00 0.00 0.00 0.00 0.00
B308 0.00 0.00 0.00 0.00 0.00 0.00
B601 0.00 0.00 0.00 0.00 0.00 0.00

P6 0.00 0.00 0.00 0.00 0.00 0.00

X01 0.00 0.00 0.00 0.28 0.30 0.27

Y11 0.00 0.00 0.00 0.00 0.00 0.00
2.3.5 COD FIERBRIBE

FN PRI S AL AR X AL A 35 15 7K FR COD i L BRI 2-4a AR . (EARSLAE
WIS KIR R, COD IREE RIS NHA™-N FIPEfaAFH—2. 7E 0~3 h W E I B301.
B308. B601. XO1 A1 Y11 $4bT&EMNH, COD LBBREBAK, BEE IS ML B k3N
B BERKWE, COD ZMREERT. COD M EERAAFEMKIIBEKY, H
BRI BAG BE Rk IR 45 5, B2 Klebsiella sp. y6I71. COD ¥ B (132 5 B,
R A TRIGKAE RN COD MR 4k, WFBTFRAC RS . RBIGIRE, 158K
ALK B301. B308. B601. P6. XO1 Al Y11 SHEINA TS KK R COD EBRE 5
WA 88.3%+ 90.0% - 86.7% 86.7%. 85.7%F1 84.5% .

FSERUT SRS A B X MBR 7K H COD 1 £ BRaCR an & 2-4b fiios. 78 MBR H
IKIEZR N, COD IKEHSZILH TR, &%, HE B301. B308. B601. P6. X01
ATY11 % MBR K& ZR 1) COD % F%4517108 38.9% . 50.0% . 66.7% - 88.9% . 70.0%
F1 60.0% . COD WK JE 11325 FA%, ] MBR H/KF1 ) COD #% 1E % 70l , R BILEMR C/N
FERIBREE T, 7SR IF AU A A B iR AR 1T DU RCR F B g A TR R AR . 256 S B IREE
A4, I I U R AL B Rk B301. B308. B601. P6. XO01 Fll Y11 HJFEFEAR C/N ELIH
ERNAEL, HHTHRZ A ENIE, RG22 8 ERME], Tk — PR
NO; -N.

13
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@450 & 0
400 - 50
350 1 w0 4
2300 3 3
£ 250 - é» 30 -
200 -
% =20 -
3 150 1 §
]
S 100 {—A—B301 —B—B308 S 10 - B301 B308
—e—B601 —A—P6 & A~
50 1 ——B601 —A—P6
. —%—X01 —e—YIl1 0 —%—X01 ——VY11
o 3 6 9 12 2 0 3 6 9 12 2
il C(h) i Ch)

2-4 COD ¥R FZRERS A A1k (a: BEARIETSK; b: MBR H7K)
Fig. 2-4 Variation in COD concentration (a: domestic wastewater; b: MBR effluent)

2.3.6 REMERBR

ISR SRS AR B AR CE AR A 35 V5 7K A TN 2B R an B 2-5a BT » A 1 7k B301.
B308. B601. P6. X01 F1 Y11 FIBLLAETETS /KA R TN IR 2RI R B, X5 NH,' -
N A1 COD A2 fbiash—3. [N E5 R, R RN TN W EE53 714 27.80 mg/L. 24.82 mg/L.
20.97 mg/L+ 26.31 mg/L. 26.79 mg/L 1 29.53 mg/L, FM[ TN 2R 0518 21.25%-
29.69%- 40.59%. 25.47%. 25.83%F1 18.24%. ., HHk B601 [ TN B3 &AL

(@45 b
. ()33 m
40 A K 30 1 D
Q S 27 A
S 2 | = —A—B301 —2—B308
~ i £ 24 - —e—B601 —A—P6
) ~ —%—X01 —e—VY11
¥ 30 - =21 - ]
& B
g & 18
25 {—A—B301 —B—B308 R
—e—B601 —A—P6
go IXZX0  —e—vil . , 12 : . . .
0 3 6 9 12 24 0 3 6 9 12 24
il Ch) il Ch)

2-5 TN R BEBERF A )840 Ca: BEUARTEIS7K: b: MBR HI7K)
Fig. 2-5 Variation in TN concentration (a: domestic wastewater; b: MBR effluent)

I A1k DA ) 47 4 S R A4 B T S R AL I A% 32 B A 25— Fl02 NH4™-N & AMO
AN NH.OH, e iE i B AL (HAO) At NO>-N Al NOs-NEB8l, HH[a1H NO, -
N B NOs -N j=/E; 25 e NH.OH HEE 4L Nol¥), 3845 NO,2 -N B NOs -N ZE .
RIS KR RN, NH™-N Al COD R4 £, X FIEm R T B IR i i
FZIRHE, RN ERZEBRISE S IEEREE NOy-N 7= E M iR Bl s, ANHRIEFE
RASAC R A — & 10 7 IR - U EUR B AR, TR A T T 2% iR NH4 TN,
RN N5 B AE 55 — g 1% o 5 HABSCER R TN B2 A0 LOY, B AE VG5 K1k &R TN
FBRRBAL, XEERRANSRZFE AN DO (0.96~1.42 mg/L), SEmALIEHAE 4,
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KBS NHa'-N SRR, &k 2N TN IRE RS . X5 Halomonas sp. BO1PUKI
BRFARRL, HARMRFE IS T TN LEBRERA 41.50%, HEEEFERES, H TN
ZFRFEMTE A 96.00%.

PRI UL E AR T MBR HK A TN £ BRRCR a0 2-5b Fis . 58 2-5a AN
72, 7£ MBR HH/AKIERKN, TN KEBNBEBARE. 4E- 2-4b MRS R, £H
INPREF B SR FARAEAR C/N LU RIS P m] LU, HE T RIS =, oA b
NH4*-N HI NOs™-N, S0 BRI E R85 -

2.3.7 WA e

#£ 600 nm AT, I 7GRV E KRR IROGE, A WO E S R EETR
HI O A FE R EE o [RI,  3@ ik 1S ODeoo FT LA S B H i BV ) TR AR IR, A
MW ERAE KR e, Hik B301. B308. B601. P6. X01 Al Y11 fEREIA TS K
A KRR E IR 2-7 Bis. HAr M el A, 78 0~3 h P& B301. B308. B601. X01
Y1 B FEN Y, KBNS, 3~9h, HFk B301. B308 Al B601 4t T Hil K
W, SYHEEGREE I, 7E 9 h JERARIERIEEE . WAk X01 A Y11 £E 3~12 h NALT-XF
K, SANEECREIE N, 7E 12 h JERARIA R E . M w Ak Pe A KRR, TE 0~3
h P 45 I B AN BT EOE KB B, FEAE 6 h J5IAFF20E - Bk B301. B308. B601.
P6. XO1 F1 Y11 H K ODgoo 4334 0.08+ 0.10+ 0.09. 0.17. 0.03 10.04.

# 2-7 BHUAR TS K B AR A KRR

Table 2-7 Strains growth performance in domestic wastewater

R AR A4 PR Oh 3h 6h 9h 12 h 24 h
B301 0.00 0.02 0.07 0.08 0.06 0.04
B308 0.00 0.04 0.09 0.10 0.10 0.02
B601 0.00 0.01 0.05 0.08 0.09 0.05

P6 0.00 0.13 0.15 0.17 0.13 0.13
X01 0.00 0.02 0.03 0.03 0.03 0.01
Y11 0.00 0.01 0.03 0.03 0.04 0.03

B Pk B301. B308. B601. P6. X01 Al Y11 7E£ MBR /K FFf2E K fse M€ 2-8 B
7Ne 3h &, BERERK B301. B308. B601. P6. X01 Al Y11 £ MBR H /K& & ¥ H L
A RKAT AV TS, & B R BRI ODeoo 733129 0.01. 0.02. 0.01. 0.02. 0.03
H10.03, WFLT K 2-7 MEER. RYINHREF AL E NS C/N EEsEd, BT Tok=
FRMFRSY, TCIERT IR B BRARENE S, K2 B0 ]
7 2-8 MBR 7K HR R AR AE AR E 1
Table 2-8 Strain growth performance in MBR effluent

B AR 44 7 0h 3h 6 h 9h 12 h 24 h

B301 0.00 0.01 0.01 0.01 0.01 0.01
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IR A AR Oh 3h 6h 9h 12h 24 h
B308 0.00 0.02 0.01 0.02 0.01 0.01
B601 0.00 0.01 0.01 0.01 0.01 0.00

P6 0.00 0.02 0.02 0.02 0.02 0.02
X01 0.00 0.02 0.02 0.03 0.03 0.02
Y11 0.00 0.02 0.03 0.03 0.03 0.02

2.3.8 HFSEUR B AL B AE TR BE O O B

RIS R TR, RAETE MBR KA R (IR C/N B W, ZSERIFAUR AL B ik
WA RIS, BTk Z e 2 IR, WRAE KRR, RERCREE,
PSR S8R A TR AR AR AR FOL AR 355 15 7K A 2R 2 JR 300 o e 0 D It ek e A A K A e 1k
U, ZUFE SO AL RAE IR B 7 N AR B301. B308. B601. P6. XO1 fil Y11, W
A R BB A VETTK

RPRIE L2 S A R AR TR A5 8UR W98 1 Bk B301. B308. B601. P6. X01
MY ISP NAESL, i 2-6 Fros. PSR I, kM M RIZas b 3A
PUSIEAERKMBIS, B X om BBUE A KB IEARIRTS, W& k2 M

AETER, Tﬁ&ﬁﬂ&m%%ﬁMEWﬁUﬁﬁF SARI I T -

K 2-6 TR PRIE TE ST
Fig. 2-6 Antagonism experiment of strains
NHID WG B SR I B E M R AR AU AR TS T K B B BR AR, WE T 1 Hx A
RIS KH TN BIRBRRCR, W3k 2-9 Pron. @il 24 h IRRIRET TR, BUAEIRG RIAT
RMEBR 12.15%0) TN. R 5 BRERE TN LEREEIA —E R ZR, (HIbREEG K&
RERLA, SHRREHAAL, TRE A0 R A e P 5 s A s o4,
R 2-9 TN % R B R R AR AL Dt

Table 2-9 Variation in TN removal rate with time

FE Ch) 0 12 24
TN £BE (%) 0.00 1.50 12.15
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2.4 RE/NG

(D) W EUR E A TRARAEAS R4 22 P9 0 I AR (27, B ik B301. B308. B601. P6.+
X01 F1 Y11 FIREERAE 152 C/N LIRS £ C/N HUAS R IR R, kAT BLAE K,
R AR KT R 2218 HON R R I 2 BRSUR AN B .  AE R AR TS K AR R A, TR FE A 30°C,
REIKEHE Y 40 r/min I, PR B601 I ERE /) feoi, TN EFRFEATIA 40.59 %.

(2) T 48U S R A Tt U A= A ) ) ) 52T B vk B4 B ik B301. B308. B601. P6. X01
MY 11, @t el & AR A K I 2L, € & AR IS B BERE TR ISR 24 he F590IR
WA R RIR, SR ASE AL BRI ML R TE SE A A U/ E A, Rl 2H st A il Rk AT s
BRI S5 LLTRA 2% 1 I SR I A0 T B A 0 L 3 T A U SR AR iR TS 7K, 4 24 h
MIFRIRRE R, AP T A 20 LB 12.15% 0 TN,
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BT FERFEUREMEISIFIRCES ZBEFAH ML

3.1 5|8

ICRAS ™ B B R T L2502 SEIB AR R0 P AL B R DG B . R L2 — R
FAAMEL BT 8 L 4t it [ 7 4 5 07 SRR AU R 00T T Ak A () 4ot AT 2 vy B A ik
JE, (XU AR E R IR . AR i 1) 1) 2 AR, AR 7R R 2
Gy FHR R T 246 PR3 e B R B o N A D A I 7 e o, 859 0 3 Bl U
BIRVA R TN B T4, R L2486 pH B IREAEMSE (DO) 4.

AR R TEARLE, TRA R A] 20 77 iAs HoRe e m A= . AR, HTIRA K
FEE AN 2 (WS SR, pHL IR FEREMED, X5 il 77 P 1R B8 ke U T BB AN 2 B ids
DRI 2%, WA 70 3% B R AE K R AN 1) 1) R {25 18 1) LR S B A 7 e R v 190 ) (o R v 2
BRI, ASH Fide R & KRR R B £ 2 50, DMERITF TR SR, 78 3 L ARl P gk
IFIRA R, RIS iE W 5T ik 221 142 CFU/MmLE,

AW TN AR I E A A B E D I s LR T 12, B @ R 70
RIFR IR A A T 24T, AT IR, &8 E T V46 pH. LA
DO. )5, WL IEZ R KB T 254 g, K 3L REARE — D it R 1%
RO, AN R ] &Rt 2%

3.2 MEE T
3.2.1 BERE

AHIE FEAL R ZE RS TR A IR, B D355 57 RN LAl A W 7R 4, HLZH R 36 3-

1 Fione A 1 mol/L i) HC1 F1 NaOH V0K ik R 7= L 4] 46 pH 5 2 7.00£0.20.
R 3-1 B FRIEIITT

Table 3-1 Media components

RE IR Ry R E (g/L) Jik A R NaCl [EARERIEY
P37k 10.0 10.0 5.0
FERh R R 7R 5.0 5.0 2.5
3.2.2 R HE

1) PRI A B I S SRR A A P ) 370) ) ] 6

JrEIF S 2.2.3 71

(2) KRR FREH AL

WS MARIR CREE A, RE DR, R RIRE . TRRED . 5 PRI (BE
Vi EEIRE. 2R Tk MR S M BB T (K (EED . Ca?t (ELE).
Mg>" (BRBZEE). Fe¥" (MR Mn*" (BRERED), TEIERNAKBEREFREMIEA F, PIk
A A I 20 PR %35 B (ODeoo) NVEAN TR bR, HEAT L0 e B 5 S 20 43 1 B DR 3R AR Ak 60
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BT IR B E Y B HIR & A AR

HAEREBEHIW T : ¥4 pH %8N 7.00, 2EHREN 100mL (100 mL/250 mL), #Hfh&
N 1% (v, ODgoo=1.0), 7E 30°CHI 160 t/min 1537 24 h.

e bR s Al b, BERAFRBERENEIE (2.3, 3.5, 47, 58 M1 7.0g/L). Bk
JE (5. 10, 15, 20, 25 #1130 g/L) M&JEEF (0.05. 0.10. 0.20 £ 0.30 g/L) XK1
H ODeoo 1521, 15 H S H 0 M BOE R E . HARSAFRF L.

(3) R FRZMRIRAL

1E BB B R FRIEAH A 261 WFFLHI4G pH (6.0. 7.0+ 8.0 A1 9.0, & & (20°C.
30°C. 35°C. 40°CH150°C) M #:WiE (40. 60. 80, 100 Al 120mL) XF KB+ ODeoo
[RIRZIR, B e A5 T D] 25 1Y) e Y

(4) 1EAZ L

18 PR R ARG AL ) FE A b, 3B = AN ISR i (R 3% KT IEAC RS, iR
PRI 2 R ZE 04T, SRAF I AU A A 2B b 0 ) B A R T 2% A

(5) RIEGES ANEHR S

e PR R T, DL ODeoo~ ZHAET A AASZAVFAITEFR, BT 3 L K
FziE (&% BIOTECH-3JG-3JG-9000D, bifg) 73 HtbANElSREE o 43R R AIRA BN T4 U6
WRFET 50%IF, HEATAMEMEAE, K R TERE N BRIEIR FE R BHIIRIREE, Fak8is 3z,
B % ODeoo~ ZHHLT EAAMMIFHEAT RAEBN . KA RE, T Hd sk R B+ &
2% 1) ODgoo~ THAEL. T EMAMpEEE.
3.2.3 il B 55

¥ 30 mL KEEEAE 12 000 r/min K250 15 min, EFF EIER, FLE KRR,
M ZEIEE, ARPFREEEFITHARTE, B0 gL (FEE 7R3 EiEAT
TR, KSR S mL AR E DN 30 mL A, HARAES)D . FREERERH 3, 5-—
3K IR (DNS) LL ik, Sl /L. 4 A3 258 i 40 A 5 B IR v FE 10 5
Z WS, AN g/g. MR pH T (BZEHT ST3100, SEED e #5720 pH, HARM
WTVEFSE 2.2.4 710

3.3 &R 55

3.3.1 REEEFREA N IR

(1) FEFRE R B ) Ak

B RE A AL R I E B R0, ARF RN B AN KRS EAK. HEA
Wi TERERY . IRIREE AR BRI A RIR, HHATRIEMIIRE, 4R wE 3-1 fiom. 54
MR B IEZE (1.92) AHLG, E#FRTEAM. RE D RARIRE R A IR 37
5t ODeoo BUAIK, 3479 1.88. T Ik 51 BEF FIBR IR S B A A R B 35 77 5% ODeoo 42151 1%t
M, 4308 1.93 F12.09. Horbr, EINERIREEL 35772, ODeoo i imio 1EJ5 2550,
PRI S A N AR

18 RIS 25 R Bl b, X R B SRR AUR (RIREE IR TIAL, &k
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(IR S IR EE A 2.3 3.5, 4.7 5.8 F1 7.0 g/L, AL RAnE 3-2 s, BEERIEK
FEHITF S, ODeoo 2o KGN, 20518 1.99, 1.97. 1.89. 1.73 1 1.26. RIFIHKE N 2.3

g/L I, ODgoo fi i, MU E 1 7R3k AR IR S B IR E0N 2.3 /Lo
2.5

OCK @XRE&EAN BREAN OB BmRE% BmmRk

2.0 1

=

H
[
BRI

Q_,Deoo

o
N
PALI AN,

0.5 A %

0.0 : — . —tal
CK  KWZEMNG MG  BAEPK R Gimes
FRUERES

B 3-1 RPEAD SN I S8 SR AT 2R W 1 790 1 AU 52 R 52 i

Fig. 3-1 Effect of nitrogen source species on cell concentration for aerobic denitrification inoculum
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Fig. 3-2 Effect of nitrogen source concentration on cell concentration for aerobic denitrification inoculum

(2) BRUEANSE SR LRItk

BURAE A 4 LA P B AN R BRI, TEAH A KOS R e A S E I, ARwt
FOIEFE T BROT 23 45 HOBGR EAT B EE R e, e MR O ERE L &bl . 22
ZERE S VOB AT, AR 3-3 . SAMINIRRI AL (1.89) MHLL, iEFF
RERE . JER AT IR IRV E B IR A 1E 773, ODgoo BUAIK, 70108 1.62. 1.76 A1 1.47. Tik#
]2 W AN 22 SRR DR B35 97 2k ODeoo 22 T XS HRAL, 73008 2.15 A1 2.08. b, ¥
IR ) B IR 5, ODeoo Bt o % T IR RIREE R, Vo £ & B AR -

FE_ER BRI A5 R B A b, A B IR I RS CRT AR IR EEEATIAL, A kh)
WP 5. 104 15, 204 25 f130 g/L, fiAbgs Banl& 3-4 fion. BEE IR E K
FtiE, ODeoo Je3 KJGHRN, 43010 2.01. 2.08. 2.14. 2.35. 2.19 Fl 1.99, HKT X
A (1.89). Hrh, NN 20 g/L HIEIBERS, KEER) ODeoo f - AL, AMEREIREEA
2 B BE 8 N 20 g/Le

CK

N
w
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Fig. 3-3 Effect of carbon source species on cell concentration for acrobic denitrification inoculum
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Fig. 3-4 Effect of carbon source concentration on cell concentration for aerobic denitrification inoculum

(3) &JEE T RR IR E R

FERMAEMERKRGIL T, FELGREE TS5 AR NP, KgAK,
BN, B BEL B SE . ARIGR A T AR R T (KT Ca?t Mg Fe'" il Mn®)
XA TR S KB R BRI, R 3-5 Fros. IRIR SRR, 2 mldsin KT
Ca*. Mg>". Fe*" il Mn>'ff1$ 9% 5 ODeoo 2094 2.09+ 2.10. 2.13. 2.28 12.07, Hm T
RUINEJE BT B IR (1.93). Horr, #I0 Fe’ i A B2 55 97 3 ODeoo i iy - IX ] BEAZ
PR Bk T 2 2 0 P P A e A e — R AN BT DR T AR, s R i S e,
T2 B A R R AR R . BT B RIG SR, fERgakiat, wH Fe 1k
BRI N BB B T

7 B iR ge a5 RAOFEAL b, AR RERNGRE T (Fo) WEHTIML, #ik
) Fe* WA 0.05+ 0.104 0.20 F10.30 g/L, RALEE RUNE 3-6 Fion. FEE &8 & TIRE
17, ODeoo S RGN, HABEZ N 2.230 2.37. 2.09 Al 1.79. R T FeikEN
0.30 g/L 4, HAREFRIELN) ODeoo ¥ TXTRELL (1.91), HILTI %1, &= Fe¥ 1] LU
BER B TR IR A K, ODgoo T, {H Fed IKEE— Hidwy, SRR
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AFIER . £ FSTN 0.10g/L M s, N 2.37. Kk, fEEslitd, R ER; 77t
N Fe WKFERE N 0.10 g/L.
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Fig. 3-5 Effect of metal ion species on cell concentration for acrobic denitrification inoculum
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Fig. 3-6 Effect of metal ion concentration on cell concentration for acrobic denitrification inoculum

i BRIk, REEE TR R IR Z 2.3 o/L MR A, SRR Z 20 g/L 1)
HERE, SAEMSER T 0.1 g/L 1 Fe''.

3.3.2 REEEFRFARIRAL

N T B DA RE IR A BAS, SR AR RCR, X R MR A 9 L
A (W46 pH AE IRBEA DO) BEATHUAL, LL ODgoo AVFHIFRHR, #7220 A 2 1
BB, SR WA 3-7 Pos.

FI45 pH &M AR R B A R 2 —,  Hon] DUB S SR 40 MR sh 1t . e
AR SRR 7= W5 A2 5 ) T A 1) A AR 2R 9 R 7 0L I SR W, AR R e R,
& AIRIAG pH AR T 5 R B 1 b R MR B e RO AT IS ¥ B I 4R pH 43
N 6.0~ 7.0~ 8.0 F19.0, ke R UKl 3-7a Fin. &L pH B30, ODeoo 23
THE FRERESE . 99146 pH 537 6.0. 7.0~ 8.0 F1 9.0 I, KEAK ¥ ODgsoo H A
225, 2.32. 215 M1 2.11. W40 pH A 7.0 N, REERH ) ODgoo - HHULTT A, A&
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Fig. 3-7 Effects of fermentation conditions on cell growth
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(a: pH; b: Temperature; c: Liquid loading)

T FE 2 T 3 S T M R Al A A 1 2B K T02) (R R PR S P AR AR A B
T T RE R g . AR R E 5 MAFERRE (20°C. 30°C. 35°C. 40°CH!
50°C), MUELAEAN [ ()i FE T Sl A M) ) T A oA P2 R AR AR A 0L, &5 Rl 3-7b o Bl
FRE M 20°CH =2 50°C, KEEH N ODgoo SG3 KGN, HAEMK I Y 1.82. 2.08.
222, 2.38 f12.23. 1E 40°CH}, ODgoo i ST LRI R, KRG RER IR
JE Va1 B AE 40°C LA

DO J2& BRI FE I E R R 2 —, IR A DO 8 23 R i 40 i A KR = M 1 & B
17 DO B Ik i W) 2 6k 248 A= AR =4 1) A = AR AR 2 i 031, BRI, A A BN Ak
AR K B AR T DO BT AL . fER—RRIREEFR A AR, FEEE R E )
Z /KM DO WEE . ALK E 1 5 Pl s, #KixN 40, 60, 80, 100 Al 120 mL,
P25 R 3-7¢ Fros. HETEL, BEE RS ER I (R DO WKEERIFFK), ODeoo 4t
RGN, 439008 1,704 1.81. 2,11, 2.22 A1 1.98, 7EHE W E A 100 mL i ODgoo F¢ 1 »
222, Bk, JEERRIEH, KRS R FE AR = YO B AR 100 mL i A
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3.3.3 WMIERARRARAL R RHIE
1 B R AR RIS T, BTG pH N 7.0, SEEMRIE N 40°C, SAERIZER
B A 100mL. FIHIERZRLE, DL EREESHCOHO, WE T 34K, #E— B
AR R B L2464, BARI R T 25803k 3-2 Fias, 567 Bt & 4s R
* 33 pon, IR AR ZE o A a5 SRk 3-4 R
#* 32 IEZRRISH

Table 3-2 Parameters of the orthogonal test

ETRS) A (WG pHD B GRE C Gl
1 6.5 35 80
2 7.0 40 100
3 7.5 45 120

* 33 IRt g R
Table 3-3 Orthogonal design and results

A s A B C ODs0o
1 1 1 1 2.24
2 1 2 2 2.32
3 1 3 3 2.19
4 2 1 2 2.38
5 2 2 3 2.17
6 2 3 1 2.32
7 3 1 3 2.19
8 3 1 2.42
9 3 3 2 2.36

® 34 RFESH
Table 3-4 Range analysis

EEEAN SN ki ko ks R (R ERZRES
A 6.75 6.87 6.97 0.22 As
ODs00 B 6.81 6.91 6.87 0.10 B,
C 6.98 7.06 6.55 0.51 C

H IR 4 SR AT N, =S DR 3R] T AR %) S 32 AR U - &V B > 14k
pH>IEE, HIIME k B HH LA EE AsBCo, BIWIUS pH N 7.5, RiFRIREE N 40°C, 3%
N 100 mL.

3.3.4 REERE T HEANEMRAL

I HEANEL R B REAL B TR U A B4R RF AR & B i BE VS Y, BE AT RAE & B i

PRI gs, SXOAT DU RO G 5 L AR 7 Pt T A B A2 1) BEL I B R, - Rt
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AR F R AR KO0, ZE R R PR B 2 Ak 0 FE Rt E, DL ODeoo AT . gHffE
SOV ERIFERR, ERFCAE 3 L R BERE Py Il it 4 HEAM R 0 58 SRS A e U A 2 il 551
FIREEROR, 45381 3-8 A1 3-9 Fus.
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Fig. 3-8 Cell concentration and carbon source consumption in batch feeding fermentation
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Fig. 3-9 Effects of batch feeding on viable cell dry weight, cell viability and viable count
(a: Cell dry weight; b: Cell viability; c: Viable count)

25



NEE DN e A708'

RS RE S, BERE 3 h FHATHURE, —BELRFSE 5d, JHIRE I e A e P (%) 260 B
TR PSR 8 AL TN 6] 551 o B PR IR B RIS I T v, R TR PN T 8 28 A 5 T 2 PRI
X UL A AEYIE R A R A AR B B A KB . E5 9 h i, KR EEE N I &
PR FER R 9.65 /L, [Rltk, 7E2E Oh B, i 100 o/L [¥1H 25 Bl O A B2 HEA T ik
PRIRNEL, B A BEEE PN (1) 8 A6 R P T 2 20.58 /L. #hFeticil)n, ZEY AT A4k SR
SRR T A K EHE ., 55 24 h FI5E 48 h Ny, R TReMtE P ) 881 6 BEUAK B2 IR 2 10.00
g/L LR, DSULPESE 24 h FIZE 48 h I EAT AR, 756 24 h ), #4758 ZRAMEL, 1K
WS R R B PGE K A, TIAESE 48 h I SE AR = WRAMRE, R TERE P ) ODsgoo 181 T
wE B IR I P R T 52 B 2, FE 5 108 h IR, 2 SRR 2 v ik 1) % K B9 ODesoos
H94.13, BREZERTARMEHAIRA (231D,

PR EANEL R T BT Y, 72~96 h IR TR A B B A R AE B R KT, Ui
WPy A A E DAY 1100 T A P52 2 v L B R IR R . 96 h B, R R IR Vs B R =, N 390
{¢. CFU/mL, UG, KEFRFAMT HSAMRAR 208 12.73 g/L 5 0.29 g/g. {HILRS
FI4HiE T B SRS R A R IR . 7F 108 h i, R EEHE N AN T & 541 i 15 R 2
mT 96 h, X ULHIAE 108 h I, R FEGHE N AT BEAFAE — € B AL
3.4 KE/NG

(U S RRIEE 7%, DA T 3 SRR A Mot 8000 A A o 71 i e s 7 ) 2R Bl DA
KB T SRR, KESEFERENERZ 2.3 o/L MRREH: &ERmES
20 g/L I &I B RSB E T2 0.1 g/L [ Fe¥'. e Mt kg4 )y )5, @
o R ANIE ARG, SHRCE I R B L 254 (WIUh pH. I8 LA ED 4T
otk mERB T EAMEWT: ¥I4h pH A 7.5, B5FRIREN 40°C, R EN 100 mL.

(2) T FRRIGLE R, 75 3L RIFRE FIAT oMb eHOEARBE 7L, DLdE—P s
HARIEL . 7255 9 hy 24 h A1 48 h 73 AT AMEL, S5 REEW], &ad bkl fE KR )
B K ODgoo (4.13) LR m T RANVEHRIGAL (2.31), H.Z5 96 h i K B i 376 18 Hi e v »
4390 14 CFU/mL, M FI4H T 8 54019 2R 58 12.73 g/L 5 0.29 g/g.
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HFAKEE R 5 RS A K e 7758 H o = ki Jeth s8], i R R A AR
WA T2 N T A i e ot R AR AR o A T G S i A T T T SR S N 2 11 A
MR, HKER (TN) BRI 24.56%00, 78 ik & h Eomir i E e,
KEE (NHe-N) Fl TN EBRF 5514 5 23.18%A1 3.71%!106,

BT AR N2 (A/O-MBR) S2KAE G A/O 1555 A MBR 4y 2
FEARMG A B 5 /K A B T 2007, g gt R B I08], A iR K AT Lhidd A/O-MBR R B
W RGWATE BN, BT EY R E (COD). NHs-N Al TN K £FRE 778
91.14%- 94.89%F! 55.82%, {HHH/K TN IKE (16.47 mg/L) i THRE—% A brER
SEM) 15 mg/L BRAE, wRdE— DA,

AR FE 45 B, AT 701 2% P S S i A T U A P 1) 700 T A A 3 A 5 7K
A5 A/O-MBR L& 44, AFRAETETG KA R AT, &5 n] Sl AR v 5 Kk bRk
W AR DR . ik, ARRBRAEDHIFIEINE A/O-MBR I EI K, BT
NHA 71 d FIESIEAT . 18 BB AR, 5 SR T SR A TS K R T U
SULEO AP A S i A (SND) R RIs2 e o R FH vy 38 52 00 5 4 R 2 A do 28t P9 B R
MR M ZRENE, IR BB S T 2T R 2 B R, HREYHIFI
AEVDSRAHLE], SZ A R A AE P ) ) S bR R SRR 25 5%
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Fig. 4-1 Schematic diagram of the A/O-MBR
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