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Abstract A two-stage oxygen-limited autotrophic nitrification and denitrification (OLAND) system was applied for the treat-
ment of sludge digester liquor with a high ammonium concentration and a low chemical oxygen demand (COD). A steady ratio
of ammonium and nitrite (1 : (1.2 +£0.2) ] from the effluent in the first stage ( nitritation stage) was attained by controlling
the dissolved oxygen in the range of 0.1 ~0.3 mg L™", and the retention of biomass was achieved in the system with the im-
mersed polyethersulfone membrane. Performance of nitritation stage was focused in this study, and a molecular technology—
fluorescence In situ hybridization (FISH) was applied to analyze the shift of microbial community in this stage. It is showed
that the amount of ammonium oxidizers was stable and nitrite oxidizers decreased a little bit with the drop of dissolved oxygen.
At the same time, it was found that Nitrosomonas was the dominant bacteria of ammonium oxidizers which oxidize ammonium to
nitrite, Nitrobacter is the dominant of nitrite oxidizers which oxidize nitrite to nitrate. Fig 4, Tab 2, Ref 22
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oL HS AL, BT DAL B AT A 62. 5% MFE A, [ AT,
B TFHEREAAAMSE S, NH 1E4 NO, iR Tk,
FRLASE T TAVBRIER A, AT 0, 78 B 75 B A A2
o IHALB BRI AR R IR TR E R R R AL AR, 18
SHARON T 200, JE A R A AR 2R 2 i 5 50 3L 0 A . S AR 4
AR TSR3 B B R e B . TR A AR IR E A
) S T AR SRV B T R R AL B, SR S HLE A R Y
AR, {E by T 40 B A9 S, 0 990 18 X L S B BE AR S
AR R,

AT XF B IR RIS, R AP B RA B IR iH L
- RV ARG, 765 — B Bl i3 i i i f R E
IATUHMMREBOREHEY AT HE T 62.5% KHEE
BOVE B R AR R AR T EA KK, R R A%
SR AL 243 H AR of IR B R P AL B B LR AT T
DFEYFRIM, FE T PRI R A RS AR

1 MRS TTE
L1 AR E B R iRt

RO PR B R GRRLN 2 L 0 B AER A 58 2 L 3841
W AEGETTRELY 1.5 L, KB IA TR RIS RS, R
BB R, pH. (AR EVRRIRIR B R R, S BT B
ELEE 1.

autotrophic nitrification and denitrification system,

W b e
o -1 v e

B AR B R s

Fig1 Configuration of membrane-assisted bioreactor (MBR)
LORBEFEIRAS s 2. 7K ; 3. BR; 4.0 5. WA 6. BIPERE,; 7.
ERHEE; 8. pH HIAR; 9. 8T YR A P 23 SR R R 6 R 2R 1 K
1. Temperature sensor; 2. Influent; 3. Acid addition; 4. Base addition; 5.
Dissolved oxygen probe ; 6. Stirrer; 7. Air sparger; 8. pH probe; 9. Efflu-
ent with under-pressure pump connected to immersed hollow fibre microfil-
tration membranes.

1.2 REBFHEMITIRFEKERK

TEALB B R 25 5% F LE R B Avecom 23 B] A 7= ) 58 & Hi 4k
7572 (ammonium binding inoculum liquid, LA f&#8 & ABIL) /E
REFMTEIR. BT =H R A G BBKE N #K YL ER 5, 3F
KB KBRS R LB TR RE . S BUR K I AL :
p(NH;/-N ) = 1000 mg L™ (NH4HC03)\p(POi_-P ) =20 mg
L™ (KH,PO,) . 2 mL L™ ETTER. YR HKEER, R
Pk BT5/KACER B JROK — RALTE IR KA R A HE K, #E7K B
A :p(NH;-N ) = (1028 + 90) mgL™" p(COD) = (550
+ 50) mg L' p(BOD) = (190 + 10) mg L.
1.3 RESBEESHNESZ

TREE VAR pH H5F N S5 b IR % A A SR AR
pH HARIE , 3 i SN A I T AR B 31 5%. NH, -N.NO; -N,
NO; -N 7l COD RIS e skl .
1.4 RESBHELEFNS FEDFREN
1.4.1 HAEEEMNEE N4 PEREHEH R 10 mL,
ISR B T S 58 B0 (4 B TR G 557)-SYTO
9 MABBBRYEHN]) , TERICIROLIRIZZHT, B E 598 40
BRTE P
1.4.2 #@HEE  EH OLAND REGEH—Br BA Y
R PR EFEEEIRE R, LA LU S B 4% ZRPE
VTR E E , P LABRRR L 5% MR R DL P IK , B T AR B BE IR
HE MRS 100% ZEEHRIRSH T HF T -20 CEH.
1.4.3 HRERHMELRER  AHRRANER
B BRI NSO - 1907 (- A A% Rt 14T, A
BT B-BEEBMN) ; NSM156""") ( Nitrosomonas sp. H4 51
#REL, Nitrosomonas sp. J& & AALH M) FEEH|Z —) ; NIT -
3U81( Nitrobacter sp. BIFE S 3RS, Nitrobacter sp. W SRR
B FEER A Z —) , Nispa06621"°! ( Nitrospira sp. 145 5 1
REL, Nitrospira sp. RWAEREAEN FEEHZ —) , Wi
oA AR TR - Cy3, - Cy5, - FLUOS)#Ric.
L4 PrRArzx™ BEEEOER2~10 mL 5
BTRRNEI R b, F 45 CHEUET T8, SRS EEfE SR
B8R )5 5 HE 50 % ,80 % F1 100 % M ZEEH &K 3
min, BT

FEHAT FATZ A , B 8 ) 22 32 8 R (IR S A BF R
B R RS , &8 AR L TR BE B EAL AT AR ) , B9 mL &
7 RE LR BE A AL AN B BERE ) 22 3 R iR 5 1 mL gt
FRCHIREHR & (576 5RE Cy3 M Cy5 458 MIRFHTEAR S
SRR P RV R 20 ng mL~" T 5 586Gk} Fluos 25 & H4R
R BE B PRWEN S0 ngml '), SETEEEE
B MM L RETERZ P T 46 TR 1.5~3 h &
HEAT RS RIS , VE A VR AR B vh il (578 AR LV BE Y RAL4)
FHTF 48 C /KB WG, RIS vh iR Ve B B, B &=
REFTHIRETFIZR T PR, FF7E 48 C KB TIRE 10 min,
SRJE FAYE IZE /K PR BRI A, Fo A0 B 2R R S R BT AR 3
ik, REROE RIE.
1.4.5 EREHEUERHELE FE R PR HER T 6 B4R
BEER , B BURAI BT & CCD AHHL, 5 PC HLAE % IR 5K
FEE, EBR A Microimage 4. 0 B AFHAT LI 04
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Tab 1 Composition of sludge digestor liquor
from Antwerp wastewater treatment plant
H BEA p(COD)  p(NO,"N) p(NO;~N)
PR p(TAN® )/mgL™'  /mgL-! /mg L~ /mg L~!
8.0 955 644 0 0.7

*TAN: total ammonium nitrogen

GE5RM], AR S B m i R R AR E p(N) =
10 mg L',
2.1.2 FMREFABREVHAREHLMRBET @ ®W
BB i K R AR W B R R G R ey PR SRR b A W) L A
(MBR1) ARG A A IREAE W) S N #% (MBR2 ) AHFRIE , F SR Ab 28
HARRETFTERENEK. H—BRILETSEHE 2.
THALRT Bk A PR A, B M 1 600 mL/ min TREF| 15
ml/ min, JJEB)EI LI E K i KiEFT 40 Z K5, 7 MBRI
PRI EH T HAKFRERMIEMS R B KB
[1:(1.20.2) 1™ JATBEIE T RSB SR Bk — 2 36 4L
HE B BIRARE R T HAR K, RIE T BN ARG E
SR EHIBTT. BITE R ILE 3.

x2 HUMBRREREITSE
Tab 2 Parameters of nitrification stage of OLAND system

o g
KT 15U R R .
V/L t(HRT)/d +(SRT)/d 0/°C  pH Dissolved o_xlygen
p/mgL,
1.5 1 o 25 7.90 <0.1
= 1000 2000
= —— ammonium
2 — nitrite c‘;
] s00 —— nitrate 1600 E
% : \ — aeration rate 2
ﬁ }; 600 1zunmﬂ%
N 2 re
R g 400 800 Eg =
4 8 S
K
—§ 200 400 E
£ o
© 0 0
= o 10 20 30 40

t/d

K2 PiEBER A YRR RS
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Fig2 Performance of nitrification stage of
two stages suspended system
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Fig3 Microbial community of nitrification stage in the
early and late stage
A. ABIL-HRI598; B. R iis e EAM M SR K K ks 1
: (1.2 £0.2) ) A. ABIL-inoculum sludge; B. Steady stage sludge

B 2 AL, R I, SRR R, BREA LT ALK
THEREL , S B RV MR E R, RGEE1T8] d 5, F A T
THERER A2 R ERERYR BE B WA, RN 2515173 d 24, AWK
BRI, EHSRRERIR, BRI RN ERE178 d 42 £ A,
HEALHRER S WHIRS R E B K B, T LF 5 A IR
R,

2.2 THLMERBEMTHEEARR

2.2.1 AEMENEESE BB EMISRM
TRESERBTEIE G, BEE MRS L E N, &
WG BMEEEE. B 3 7T, A ALE B S B R kAR
FESEH, MBS S K £ TIRARZEAL, Ja sh 8, L
B EE LR R B RAE, e 2 R AR B AR, T
KT E R , AR AL AF R 2 23 BUSL A B AL, 5 25 DLBR IR FIER
REHTESHE. B AT L, ORI A AR E J5 3, R RL % o i
A YIFPRER A R AR T AR KRR AL

2.2.2 REMBEARHFARTLE  HHEHAREN=
ANETEA(d 1,d 13 F1 d 42) A s o R 3T 535 TR A i, [ 8
J& , FIAH DL B F 57 92 6 4R 41 (NSO-190 , NSM156, NIT-3 #
Ntspa0662 ) FEATHAZ. MRIETOCIRNAL AT BB E A (AR
%4 , F Microimage digital analysis software #4734, 18%] T
[l A R AL B LR 43 A AR L (1 4)
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~ 60
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EEMERB AR
Percentage of nitrifying bacteria
(P/%)

0
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B ALBT BUEAT I (7]
t/d

K4 mEEEBONR SRR E BT AR BB
TR TR L B AL PP A
Fig4 Estimation of shifts of microbial community during
different periods since nitrification started-up

TOCRMASTHI BT ST 45 R R (WA 4) , ZEfH L
BB, FEE 7 R AR A BTG, AR AE N BB REARERE
70% ( i BRI B BRI LB 24 , BAREBr B EZ R R
SACHA Nitrosomonas sp. W.AHFREACH M BB A HIFEIRA
W/ B HFHNE . ERRWASEREE N Nitrobacter sp.
7l Nitrospira sp. ‘ENTHIEUE 735 & 4IRS E ) 10% ~12% Hl
0.5% ~1% . {H iR 12 30 11 2= ST A, HEvR A I FEA, T2
THIREL VR BE B W I, BARIR BT, |G —E HEA B T
5, TR EL VR B B Wi 2 p(NO; -N) = 0.7 mg L™,
FH AT AW , S A SR AL AN ph — P B B R SE B , T
2 PP B LA DRI A RO 45 2R . T e AR AR £k 9 SR fbad 72
HiE T ZAE B2 Nitrobacter sp. , HETRARIFFISILAHERE AL
TS PR TR, 7T RE R B TR AR SRR AR MR fE A, B
DA Bt — PR A AR B A9 A R B . A LB B AR 3l
B AHRRER F AR E FR R IR Rl 2, S A AL ( Nitrosomonas )
FERHACH B EZ A, BBl 15 80% LA b, T AN BR SR AL T
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RO R TR AR, K R 2GR WA E A,
B b LS LI BR AL 2 Nitrobacter, T 73 Sh—F LM
BREALE Nitrospira RFEJR SHATHIG I F , [ N AR <E B BEEEA G
WAE.

3 458

PR B FRiH AL — ROAH KA 9 R & 48 (OLAND ) f
WAL Bl B T 5 HIVE BZE 0.1 ~0.3 mg L™ 22 J], i th
KEAESTEWHESRAZEMWKEELHALD T HEES
[1:(1.220.2) ], 58T TR EHE, ANTINE K
B RE R EARE T BRI K, HET R T &3k 90% H
RFE. TR 23T H AR RS 1L B B R B A RS AL P A Y
oA, 38R T THAL A R E Tk B RN A AL . FEE B AR
BRI, B AL B R B AT ERE 70% 24, T
TR B LB BRI A A, I\ 13% FEARZ) 10.5% , {HIFRER
., BAEALR B FEAE R R A AR A Nitrosomonas sp. TF.
TRERELTE A Nitrobacter sp. JAZ , %/ [F] B BB A Y B8 B A A8
RN AR AR , 78 B T 58 4 B AR R A A B A b S5 4k
2R SEZRIKNERR, K LA HE—H R B i 5t
R LR AERI T B T i P .
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