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Abstract: In this study, we investigated the recovery process of a nitrifying membrane bio-reactor ( MBR) system, which failed to achieve complete
nitrification under the stress of high hydraulic loading (HRT) (5 h). When the HRT was increased from 5 h to 10 h (the condition permitting complete
nitrification previously) at an influent NH, -N concentration of 500 mg+L~", an NH, -N removal of 99% was achieved. However, serious NO, -N
accumulation occurred, and the average NO, -N concentration in the effluent was 425 mg-L ™" during the experimental period (60 days) . Fluorescence in
situ hybridization (FISH) analysis showed that while the percentage of ammonia-oxidizing bacteria ( AOBs) in total bacteria did not change (12.9% in
this study compared to 9.75% at the HRT of 5 h in previous study) , the percentage of fast — growing Nitrosomonas sp. in AOBs decreased from 80% to
40% . The percentage of nitrite-oxidizing bacteria (NOBs) was only half of that at 5 h HRT (from 5.64% 1o 2.84% ), and the slow-growing Nitrospira
sp. remained as the dominant nitrite oxidizing population. It is possibly the high NO, and extracellular (497+1 mg-L ") concentrations in the reactor that
made the nitrate oxidizing function difficult to recover.

Keywords: MBR; nitrification; performance recovery; HRT; microbial community structure
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et al. ,2007 ). Gt Xf ik 26w i | O 15 S I 4% 1A o 9K B2
f L ) 1A LA B A AR T BE 2 — (P 45, 2004
Chudoba et al. ,1998 ; Verdenbreg et al. ,1997).

A ) B A (MBR) by 68 20 F f g Ak 78 F
YRR AT R GE AR5 o AR W i, S AL SE i R 15 U &
GEAR L, HA B R R E IR AL G £ 2 ((Muller
et al. , 1995; Delgado et al. , 2002; Halil et al.
2004) . fH 2, 7ER I T HE TR iz 17 L2 B i oK g B A 2%
PET ,MBR 35 8 15 1 46 24 4k T B AR OK 7, B S 76 T
BLEC /K 5915 B0 T i 16 20 B 8 A BE 4 45 L 32
SEARG LR EBTT (L et al. ,2006).

TE AT 52 56 BL il b, BF X A fk MBR & 4t 4b #1
500 mg-L~" NH, -N JGHL K B M 7 h oKy 45 B8
[ (HRT) i 250 Tt BUMERE AL A L4 (Li et al.
2005 ; 2006) , A B FE I A T AL MBR A9 52 4 72
F YRR 345 B s TR AR SE B A B L S b R iR
£ 10 h i MBR f9 i 5 h HRT [ 2.4 kg-m -d "'
WA HN 1.2 kg-m > d ™" IERIH T A2 F B (9
JCIRAE A A TT 12 ) B ER A Ak 75 T 14 b e 4 AL 22

2  ##5Fi% (Materials and methods)

2.1 ERREHHH

A W B I i B SE B B B AN RS RGER
FH R kAl 7K (4 min JF, 1 min &), B % AL
O BB LA o 5 22 4 Bl D S G A BIE S
MBR R 48117 T 60 d, 5 I K >R F JCHL 2 A BE
K, 4% NH,HCO, , NaHCO, Jz HoAh i i oo K. Hovh
NH,HCO, %} 2.8 g-L.~", NaHCO, 3 g-L ™', ff it ot
Z4H K,HPO, 2. 1 g- L', MgSO, - 7H,0 1.4
g-L~' ,MnSO, - 4H,0 276 mg-L"", FeSO, - 7H,0
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Fig. 1 The schematic diagram of the MBR system

400 mg-L~", CaCl, - 2H,0 300 mg-L~"'. g 3Nz}
FAESF pH (H N 7.5 ~8.0, B AL 7L 20 °C T i
17 IR BN 2% Y5 R R 8 gL' MBR &4t
BATIEHRZET 10 h HRT BrBeh MBR- 1, mK )
ffar B B2 (5 h HRT) 23 MBR (HRT =5h) , 1Kk &2 5256
BrB: (10 h HRT) S MBR-1I .
2.2 Mk

NH, -N, NO_ -N, MLSS £z B8 K F1 % 7K W
W53 B 77125 ) (2002) H i 7K 47 12 L €6, 125 S F (53
A2 dME T RN A TP A T e ok R 7 IR AR A
RS AW E 1 W L Al R A 1R (L
et al. ,2006) ; FEAT R R4S A4 % BT 1 75 JEKE bl AL 1B 1T
KB E R G RAE (2 ).

1 2b 43 W ¥ ( Extra-cellular polymers , ECP) 4 Hi
HI 52 J7 1 WL SC#ER ( Bo Frolund et al. , 1996 ; Dubois
et al. ,1956). %G 5 22 28 (FISH) J7 %« U B
s mL Y5 YR RE N PBS 22 i (NaCl 8 g- L7,
Na,HPO,2.9 g-L"',KCl 0.2 g-L~',KH, PO, 0.2
g L1 VR 2 WG B D R BR R, A £ R
BWES mLE2REG,7E0 ~4 CHRRMTREE3
h,Z 5% CHk ( Amann et al. ,1995) #4742 58, 2
A2 P 5 B B B FF EUB338, NSO190, NSO1225
Nsv443 NEU  NIT3 F Ntspa662 , 2235 £ 1F 1 W, SC ik
(Li et al.,2006). 8 4 EUB338 F| T 48 /n if I
(Amann et al. , 1990; Wallner et al. , 1993 ), # 4
NSO190 F1 NSO1225 H F ¥ =~ & B 7N
( Proteobacteria) B V. 44 H 1) & A AL 40 1A , T 200
Nitrosomonas ,
Nitrosovibrio 11 Nitrosolobus ( Mobarry et al. ,1996) ,
B4 NEU T 48 /8 & B AL ¥ & Nitrosomonas sp.
( Wagner et al. , 1995; Luxmy et al. , 2000 ), ¥ &
Nsv443 F T 38 /8 & & b 12 Nitrosospira sp.
(Mobarry et al. ,1996) , ¥R %] Ntspa662 F1 NIT3 43 5|
T ¥ &~ W ay B & & 4k 40 Nitrospira sp. il
Nitrobacter sp. ( Daims et al. , 2000; Wagner et al. ,
1996). I A ¥ £ ¥ B Sigma Genosys Co. ( H A&) &
B, FEAERET B9 5 3 F FAM/ TRITC #1018 4258 J5 1Y
2H 1 F ¢ 6 1 180 4% ( Axioskop2 mot plus, Zeiss 2\ ],
TEE) ST RO, 26 F A% CCD ((AxioCam
MRm, Zeiss 22w, {8 ) P47 B R 4. B A K&
SR B Ak 3 Aok AR B4 e PR B0 2 ) A TR AR ( Ao
Vision 4. 1) JEAT. X T4 A48 dh b B4 BREE AR R 2R
20 /SIS ) DI, A A X8 4 20 i S HiCET SR

Nitrosococcus  mobilis,  Nitrosospira ,
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1000 A, 245 HE1T 49 B3 1 451 FR B X4 T 45 B

il ) 22 28 45
3 #£ R 54} (Results and discussion)

3.1 Aok AR

TERTHASZ Hh (Li et al. ,2006) ,24 HRT M 30 h
4548 % 10 h i, MBR ] L4EHF 99% L) b i) 2 A 5%
1%, K NH, -N 1 NO, -N F 2 & & 7 J 1E 5
mg-L™'f1 6.8 mg- L™ AR (HE— 445 % HRT &
7 hJ5, &G K NH, -N fil NO, -N i Bt & 3% 2R,
X—M 4% HRT 4555 5] 5 h i — 22 %4k,

WIS GG, R T4 17 KA FME R
(RGEHK NH, -N #1 NO, -N ¥ &2 i gl i BEAR /)N )
Bl 2 £ RS8R EE RSG5 K
NH," -N .NO, -N #1 NO, -N vk J&. 7] L&, MBR %
iRy NH, -N S8 AL &R 3K 5] 99% L b, F 1 ok
NH, -N 5 3.5 mg-L™", SR 1, W fi§ R 3k A AL Bk ) %
F-EMG, K NO, -N B3 7 B R R,
WeFE IR H) 425 mg- L7, FaRZEIRE W AEK HRT &
RS AR B FE i 3% T RGeS L RE ),
TiF 2 S8 AL RE 1 75 341K
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200 =

100 [~

] I | |
HRESE  HOKIERERRE  HKAER &

0
HEK &R

B2 WREMK MBR REHTFHHLIERE
Fig. 2 Nitrification performance of the MBR system during the

recovery period

3.2 MBR ZAZAREZLEFRHALFRENLE

Kl 3 s MBR RGEH B 1.5h HRT( RS E
S d S — AN IS AT B B ) R B I B A AT T
Foag. HAE 3 AP Be i 2 S8 AL 1 P (SAOR) R 3, Kk
SR SAOR H70.17 kg-kg ™ -d ™', SHAERE 1
M5 h HRT (1 0.13 ~0.15 kg-kg '~d ™" 7K FA1 24 (Li
et al. ,2006) ,#f 5 BUEAR Y 2 E AL TG 1. (H 2, i ik
FHE MBR A LUK AZ (9 565 1,31 kgem - d '
T NH,-N 1.2 kg-m - d ™" bk 25 BU A7, BT LA

MBR A LI K Fp NH, -N 58 2 4 fk.

SR, RS HE K T R G009 HRT 3545 5 17 8% 915
JEUEEM S h HRT fy 12 g- L™ A g HEJR = 8g-L 7",
4% SNFR {5 B T 3% 25 F B i B 4, M IE 3 1
0.39 kg-kg '+d " (Li et al. ,2006) F&{% % 5 h HRT
f90.08 kg-kg ™ d "5, FHAEMK K B B T ZE 0. 045
ke kg -d "L diz oI SNFR 2 [ 2 55 W R £h A
fLBE S 0.35 kg-m ~*d ™' EAR T R LK Z W
Tl R £k At fr , 15 i NO, -N py R &

05

SAOR

EISNFR

AL TE R L AR Sh U T

3 MBR RGERE MR AL EEN LR
Fig.3 Changes of specific nitrification rates in MBR at

different phases

3.3 MBR 24 EWKE M &A% R4y % A

[l 4 S MBR Hr g b 2 54 (EPS) 1Y & &t By
BRIV 25 R Ul 467.6 mg- L7 SR E R
29.5 mg- L' B 1/ 2B LU 15. 83 EPS f i
B REE 636 mg-g L X FEFRRET
(MBR- 1)y EPS j=A: {0 (2R 11 487 mg-L~", 2k
27.9 mg-L™" R/ Z B 17.5,EPS &4 51.5
mg-g~ ), B AR EPS & &AM 22 A K, HK E B B
(MBR-11) iy & & Wl & & T BB 1. ik J2 A R 76 i
MKMWz frhimRERCELE T REMEZE
Y AR RN A AR T R EE MY . A A A

500 -

) -

= (=3

(=] (=}
T T

SHERMBEEKIE (mg L) K&
HEPSE & /(mg-g )
T

100 -

0 | l l -
&HH ES0 EH/ %% EPSER
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Fig.4 Average concentrations of extra-cellular polymers during

recovery period
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TEHTAOT ST B R W, 3 22 /9 i A1 23 98 ) vl 490 4 A
Ao 40 T S M (2R 4L A 55, 2004 ), AR S R R Y
EPS n] Gt J2 JIEE A= ¥ S iy s AE K 52 B Be 1 Al AL e
Ak 2L AR R 2 —.

PRS2 S5 vp e RS I U i AN, OB e
HR R K A B B S 080 A5 1 B RS R A P Y D8
K 23T R IBEIR . B8 JBE TR AT RE 5 EPS Hh 2R
H & EA . CA SCIEER W] EPS b &3 B H 2 A
h Z 8 1 A B A 5 AT B ARV AR UK 3 5 B
(Delia et al. ,2002) , A 520 2 43 [ v #5 4 mg-L ™'
FOVE AR AL, 3 A LI ] BE 2 it 22 1 EPS 1 v i 4
4 1 32 BHL 7
3.4 KARMEXSATHMEEMHEDS

% 1 8 MBR R GUAE A [ By B4 Bl 2 BE 240 16
AL AE fe. aT DL, R MBR-T 5 MBR- T B9

IBATAAE A Y, AR W) B I s v B RT Y L )
(EUB/DAPI) H & M 5 h HRT [ 17% W& isk I T+ &
20% ,FHXT TR EE T vy 32% T & , Al LAk MBR
15 U 1 AR HIE S RS WA 15 B ek X2 B
R G 3 K IR B far (AN DA 2 5 22 9 A K T 7 1
SMREREIY 0. 15 kg-kg ™'~ d MK AT IS AT ) I8 4T 175
Ve ] BE K 2 Ak T b R A8 sl BRI 3 KO E i HL
R KM BT R M K &1 Y A & B AE VR
s A TR A I A IS . SR, Ll A A Ak 20 7 AE
BV B9 B ) ( Nitifiers/DAPL) 0] DL F H, HRT %E
Kg, b e Sy B A prEl g, LS h
HRT 1 9.7% -5 15.7% , 5B 1 19 17% #H
MHRGAE R B A s Ak PR BE T R R &, IR G A
oLk — 25 3 BT R AL A0 T R b AR 25 A

%1 MBR R %7 AR M B #Y Th 48 48 & LL 1

Table 1  Ratios of different probe positive cells at different phases
MBR R4 EUB/DAPI Nitrifiers/DAPI AOB/DAPI NEU/AOB Ntspa662 NIT3 NIT3 + Ntspa662
MBR-T (HRT =10 h) 32.15% 17.02% 11.37% 91.10% 3.55% 2.09% 5.64%
MBR (HRT =5 h) 17.74% 9.75% 4.10% 80.63% 4.96% 0.69% 5.64%
MBR-1II (HRT =10h) 20.14% 15.75% 12.9% 41.14% 2.51% 0.32% 2.84%

MBR % 4t 19 2 A 1L 40 & 4K £ NSO190 F
NSO1225 Sk FoR. W3 1 Fros, 76 by B 12 Ak 4n
AR E PR S B HRT =5 h /9 4% 7 %)
12% , 5B Be T 11% & 8 A Y. WK 3 oA
AR 3 AN B B AL AN TE BB Y L)
AT AL, B A E P AR 4E FFAE 0. 13 ~ 0. 17
kg-kg ™ d T T SEH A5 N ATk MBR RS
SAOR (% 7% ¥ I /& H1 AOB/DAPI (i3 /b 5| 2 , 45
FRAAT 19 A Wr b T+ F] T Nitrosomonas 19 4R 1<, 78
RS 2T Y e, R b e € 19 SAOR £ 22
H F Nitrosomonas 3 ittt A= 78 41 1 (1) 4% & 5] d (Li
et al. ,2006).

PR T 20 TR 2 1 A A A 3 ) 2 i A
T, HOR L ot i) 538 A #5058 (KUBER) L AR KA
R v B v O B0 85 v, AR A AR T A X
=, Bl Nitrosomonas F Nitrobacter ; 18 A= U 41 T
XF HE 5T (20) 1 R A B (K BN ), BB A8 A K TE Jk
J5T e i AT A R SE Hh, (H AR A S SRR I M A XS
AR, B U0 Nitrosospira 1 Nitrospira ( Suwa et al.
1997 ; Both et al. ,1991; {3 %%, 2004 ; Wang et al. ,
2010).

A SR A X B2 S A T T — 2 A A A B,

TREF NEU 3R7R (19 2 E AL FF 18 ( Nitrosomonas ) T2 B B
1120 2 2 FEAK, N S h HRT % 80% FEAILE] 40% , &
HHY Okt B 1 A R 1 2 4R A A TR AE IR AR ) N i o
P 7 FEEEHA X A0 T O ok TR S e A
FEEPER) b T (B JE T NSV443 H5H A I 31 21
AL IR AN T ( Nitrosospira ) % 261 A= BY AN 1 , 3R B 2
Wi g R] REAEAE e B & A AN A R T S R
BRI R AN X R G AT T

A Nispa662 FlIl NIT3 i 3 5 /1% I A= W) 52 7
HhOIE filg R R 4 Ak 4 I /£ MBR-1 (HRT =5 h I
MBR- 11 (97254, N3 1 0] LA, [A] i HA 55 56 25 21
KL (Li et al. ,2006) , MBR- Il #1454t Ntspa662 14
71N FO i TR R 4 T ( Nitrospira ) ATh 2 I A ) 0 0 i o
H) 3 A R AR A A T, R BT NIT3 19 5F 57 1 i
Nitrobacter 14 W B S B H BT i A 1Y LE 1] #F AR AL,
7E MBR- I B BeAX 5 0. 3% . 3x % B B 7 & 97 fir AR
T8 AU Nitrospira A5 o5 95 B A= 9 S0z 4% 19 32
SEHUA, FE AR B AT 2% 1 1 WO T K AR B S 1
ik, O SCERR BT SRT A fE 25 16 £ i fig
AR/ i VAN R INE O DR (= R C A I 1 U
2009) , SABF K W JCHE YR 12 47 MBR o AR AU i
AN & 8 32 A B 45 R — 2K
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I 2 %

REF Nispa662 Fl NIT3 45 75 14 37 fif§ /2 5 %1k 40
PR TE A TR Y B A9 BT FE 22 MBR- 1 f HRT =5 h
flj— 4, {2 2. 8%. iif MBR-T fy SNFR (0. 045
kg-kg"-d")m'ﬂﬁfm& I fl HRT =5 h f—2f
(0.08 kg-kg ™'+ d™") Z& A7 i bt W b Bk A A ) 2 )
%%EPﬁ%@ﬁétﬂiﬁﬂwﬂﬁﬁJzE%émmﬁ 1% b 0 M R
IR E B R . O A 3B £ B, NO, -N & i iR 40 1
1 A K B, AFLFE 8 Wk BT ) e 2 90 3 A £k 4
R AR AR S50 8 R I K 2 B0 R AN T YOS B
NO, -N ¥ i % 30 mmol - L™ DL T (#5525 ,2004) ,
T I B S A 4 S I g v T3 K NO, -N YR B Oy
425 mg-L_ (30 mmol - L.=") , M 1T #fk 7 37 i 2 &k 2
AP ST 410 ) A 2 A ) — A D PR I R AR
1 £ 5 XA (Yarbrough er al. ,1980) : M) il
SRR A A A B T A AN T Bh B i, DA B2 T B A AR
FE s A Ty e AR IR, 51 2 25 I I B 2 1) B A s B
0 ) 4 S ) 3 L AFL R ATt S B HE R A ) S g
AN W B B, ad 22 0 A o I A
ASCHI A4 T A 4 T TG M (2R 4D 45,2004 )t £ 36
B TR i S £% 3 BHL ) . Laanbroek (1994 ) 48 MR
2 712 1 i BE o b 2% B A2 SR 0 A TR R AR Y S R
F1(K (0,),0.2 ~0.4 mg-L™") FIFE A %1 5
TR AN (K. (0,),1.2 ~1.5 mg-L™") , RHI R AL
20 T R 4L 110 4 2 0 5 T I i R R AN . AR N A
SR K & EPS 38 ¥ g A% B B T i B0 R
,2002) , V. il 1% £h 40 R G 75 B A 2
FT AR 2R 40 W0 il R R 15 M % I

(Nogueira et al.
0% 1 5 e SRt
1 )AL

4 #5i2 (Conclusions)

1) & K& HRT, R AR 2 AR 67 far B9 3 s 7 LK 52
AOB 7E 5B 19 L B, 2035 MBR & 48 1Y 28 S AL 1
Re, (HAT W s 5 = S & AL
( Nitrosomonas ) ] Lt 51 41 i 25 FEAIR, 18 A5 70 5 A 1k 4
B3I IE R 51k 75 9 2 A AL PR A E T s NOB
o7 L Ak 22 B, 15 26 BL Y Nitrospira AT 5 4% B5 A= )
SN ) - AL, MBR AR 42 119 30 A TR 6 480 Ak 175 1
FERAG B o

2) MBR J ¥ g HATS A7 78 R J i M 4 5, AN L4
i 5 A T M, 1 I v A AL B R S B AT,
O A R A Ak 40 T AR B D A5 i NO, & it
A e M A e 2 BHL A5 B s IV i 1R 6 4 AL 2 g

3) JEE AW R s T A A A i R AE TR £
iy el E J7 o, (H O R G5 A T ‘Fﬁifb fird 1k 20
AR, SRR G — HR PR REIK L 2218

REEEEN A H(1964—), F BL AR B LT
i FEMFR EATR N EH BEXAEFTFEELRRA
HFOHRNBHYLZET T AL TR ZE B LR KN
5 AR A Tk JF AR T R R A R R R
AT R K.
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