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TNELA TR, B TR AP s s iR, FesSeil T TR B Pk e 3h LR R e R . 25 R, 7
AR ARSI D, EEN R BRRRETE 90% L b, IR R0 G 1 AE MRER U0y SRER A, ST KK R
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BT 20 d PR, FU 0 SR T IR S SEYIE TR, SCBL T HLAUN I ZE e by sh A
TG Y RBRACR , AR5 RN SR B AR R s TR S Zhistal4 R 30 d,
BERsintd e, RE0ERFEE. HILAT A B TIB BN a4, T LA S s shitfal
TN TR REE A5 T B TR B W R 5 Y A LB . (HY24 M1k, 78 VESSCW 8
R ETSTE, $TH VESSCW MIRHILARE S THE SR AT AR GE , $EHRCR S I AN I

AWFgE, FATRA MBR 28 5 MR, TFRER R AR A FRREHR Ao LR 2 2 A R
B, DUWLESE A PR S G S YRR RIE e, SR IE R i AT S e S R A R i
THRHE, HrPEAAE A E R, MRS 5N EIEA R DRI A TR, BB TR
U ShB B 2R HA S DIRERU A RITE L, e e TR R o A SR AR, B TR X ok
T RIS, RS N TIRA R sh A RRE S AE ke, S acPr KT IR TR S sh A
S R S AR
1 MRS5S EE
1.1 SRS

AL E SR MBR T.20, MBR 2 EAREHA 250 L(L=750 em, W=620 cm, H=100 cm), V5%
TR, B, IR E (B 1) o s 4eiEmfh 30 m® (rd S ERHE A FRA A
HPR-MBR-1-30, BttE R oM. Bt igfLa2 R 0.1 pm, @A 10~20 L-(m>h) ', BEEE2E N 2~
5 kPa), BRGEMZELBRE AR AR, DR EI20) DO HRIE . MBR 8 FZ KRR, [k
KRR, MECREE N pH FSi] 5 EROMBRAL A, WA SRR IR TR R, R AR
DO WEMIERT 2 mg- L', DL pH #=ilg8/E N pH (WL 5E B, PNEIIEE S AR el #
KR N pH $EHITE 7~8 Z U DA flgs Vo Wi 2R, 45 K 5K MBR & & Kt
rres e AERHES , DAREHIZK 15 B E] (hydraulic retention time, HRT ) , FEARFFS IR IER TR A, 156
FIE TS TRIR A LR 5 KA ERT MBR #i5E

TRLE T

M%&'ﬂk I
—

(a) REH (b) Syl
E1 MBR XEE
Fig. 1 MBR device diagram

1.2 SWHE

1) BE st Lol Dhaggaitk . makalik . AHER 7 SO B A TR S 5 .
W #E HRT 2 20 h, DO BTEiRERT 2 mg' L', pHIEHITE 7~8. HACRHAITOHIGFREE, ANRIEAAHL
il LS KRR IR BRSPS R A oy, DGRBS LR AR, SREGE R H
U, R — A TR AL AR K T TR IR C R, IR SN TAERE RN A% pH FIRRIEANE, [RIE R
WIS LR B AR A K IR 2, IMAGE Sl IeER . SCRR R 3 B, 45 1 BRI B, #7KaA
JREWREM 50 mg L™ BHiHETE] 200 mg L' 55 2 rBOA YU E B, K EE TR M 200 mg L™
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BWHETEE] 800 mg- L', 2 3 MMBEMAREREL, SR EE TR AERFIE 500~600 mg- L' 53R KL
B DR TR EE 236~7550 mg- L', BRSSP EVRIE 87.8 mg LT, UK T ERE S mg L,
KBTI 2 mg L', WIFRIEEVERE 0.072 mg- L', BRERHIF T 0.025 mg- L™, LKA
R 0.74 mg- L', FARRITEWRE 0.003 7 mg L.

2) FEAGTEPEASESG . A A TS Ao I R FH 2 A RO B 38°%. ( Ammonia - Utilization Rate, AUR ) 2f5&
. BEES (D) BT, BUESR T RIRKIR AR 2 L, ki Ee ke, B ais IR EA 5L &
PR, A 2 L ZEIRAKIRG35), fEAKE IR AEREAE 20~25 °C. RJA, XHEASITe/KiF TS
15 min, FAMEFEISTENER A, JHH DO 7E 2 mgL™' L b BlJE I ABR RS ) s AU vk B A
200 mg-L™" Aoy, DA RBEIR —EMARUEICE . R 2~3 min J5, JFAAEERR 30 min AOSRAE AL Ak
B, SEIGHANE], SERFUEIN pH, JEIABRER E4NAERF pH 7 7~8.

GG ()
L—1n

A R BN N E AL (AUR), mg-(L-h) (LA NH,5); €, F1/C, 4351k B o i a) 2 0k
HK B EREE, mg- L' ¢ Al ¢, 43 B G A2 st a], min,
1.3 ALEHhEEEBRENIA L8

ARUFFIEE T 2 AR IR A TR R 45,
KT8 @ 209 & 50, 50 F1 80 cm, HRT % & K
2d. MEANTIRMASGEMN LB T8 LT
3)2: 1) MYAKZE, Ry, ik
HEAEFK) 2okt (e e asery ) | Rife s
4 0.5~1 cm A1 0.2~0.4 cm, EFTEE 10 cm; 2) FIZBHERE —
REIRLZE, h kil (Kilis-Cw ) fgk FRBHE
WA (0 4-CW) , Kifeh 1~2 cm, HEN
50 cm; 3) AHEZEEE N 10 cm, HFE 2~3 em 1Y
A (E 2) AN TR e AR5 KA B )~ —
2% B AR BC BTG /K . TEHE R B T R T
IRERHERD, AL AT & R IR S A A TE A
A POV E S Gl N A P U AW RE kS
WIS TS e ReKIR A 300 mL AR &AL
IR FRI 200 mL, 4 3.d 4R 1 k. AT

R=

T

WA

JR R HEA

t! =

‘ HKEE

R34 i K

H7KIK T : COD ik 60 mg L™, & A O—
W 8 mg- L™, WSIRERAUREE 14 mg L', &

2 ADEMEEREE

Fig. 2 Schematic diagram of the constructed wetland device.

% 1 mg- L',
1.4 YRR ST
ST B AR SR TR TRt RS (R RIS A LS A AL B RS, B iR e v TS
Ve DL SEIS 25 R N TRk 2 DIRESERHRE S, (RAFAE-80 °C MvKAR L, Sl P24t LIk e
AR A FISERL
1.5 KBTS
HR A I = ZARAE AT AR XS F R B AREEA TN , 1 R R R 3R F A G o e B vk
(HJI535-2009 ) AR HH A SR ER 0 B R N-1-Z83E-2 e/ e Evk: ( GB7493-87 ) ik
W s FERRER AR LM O CRE A ( HI/T346-2007 ) H#EATRN; pH SRHAKEl pH ZEZA5 I 284 T 5
TR IR HIUE s DO SR ODEON 5K B/ Aritb A mAs:in .
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2 RSV
2.1 MBR kB8

AFIBYEE MBR 258 A0k /K ZU R, ERER AL, WAL A E . /KIRLL K DO BRI anTE 3 f
e TEBEERRASBITINN, FAERFREN 90% VI b, HKIEANIEE AR EL AR Rinl8, 45 2 By
Beitt K & AT B B 1 200 mg- L' #2713 800 mg-L™', DO Bt vk i WA 5 mg L ZE45 57 3
1~2mg' L™, R PEELEMNE TX DO A, 78 DO FimikE FREE] 2 mg- L™ LLT, HKAGHY
FRER AN AERRER A I T sh, RS, (i DO Bt EYEFTE 2 mg L' Zoh o AHLLZ T,
FHFAEU R/ MBR %6 B s SRR, SK b & A — WA MU LS BG HRT (4h) , H3E
HKEBEAFE VAT SRR R S5 R E, DO B R i HiZ R It N5 e Xt DO TR R 48k, 45A ik
HKE AR ASRREL bR, Bt ) DO RIS W E AL PR 7R RS St PN AR B e

R - T ) [~ MBREMAE, —o—MBRKH | 36
g00 |+ HK AR A | v HUKMEER 8y - I
~ bren | mees 57T \ 130
D600t | v, ST B los &
o I g st WEs o B
E 400} | =g 15, %
5 ! 2 24
¥ 200} VR 122
| 2r 120
of  HEelastbbodostisnae Ly udbonsibe R T 1
-5 15 35 55 75 95 115 135 155 175 5 15 25 35 45 55 65 75 85 95 105115125135145155165
IB47H 1] /d IB47 1) /d
(a) HEH K EA KRS B AR AAMH IR L A (b) H i SAAKR
3 MBREXEMHEE
Fig. 3 Performance of MBR system
2.2 MBR &EMHEFMELEN
3} N =R = Bty 9 P o ; -
| MBREEAEEEROBETENE A e g g
TNo HEFMEREFRES 20 d, fEIRIETEHR 28 mg-(L-h) ! So0p | PN |
(BLNH,3). BRI R, s 2 | N i
M, SEAPGEE MBS, BKERK 2 P | \'\/. |
FEBEE 800 mg L B, HILIREBBIREEIRL o W[ | / | |
fH, 4 122 mg-(L-h) (A NH, 1), iAFREEEPE 2 60 /.(. | |
IR 27 1, 2REBIEITEARGERE, WL 2| ] | |
. A - ) [
PRI ELE 85 me-(L-h) (L NH, 1), Al 2 e : : :
AICY f g MBR S R R s e S 00
S SEBR ARSI T S iR A ek . b 22 34 46 58 70 82 94 106118 130 142 154 166 178
RS ALIT MRS 98 4T mg-(L-hy (1 NH, ) % e
2 Ax LA VST AR 2
A, Fase R MEAE 72.39 mg-(L-hy (A NH," 4 MBR ZETHLEIE A
o FTHILE /MK MBR %55 5 SR, Fig. 4 Variation of nitrification activity in MBR reactor
R PUBIR A Z AR TR R, DK AR e ih®] 500 mg-L ™' Zcf7, HRT 4 4 h, LIS

PRI 108 mg-(L-h) (LA NH,TH) M2 T, AR EE TR 22 800 mg-L™', HRT FHRMY
B 20 h, PRI TIPSR ROREE , (IR AT S BTSSP L T AR R 4 R g
FHE 20% 747 . X RUERHTCHURIER M 223G, X TR s s v B A O SR
2.3 SEENESREMENLEE

e AL TE PV Ve T A R AP 2R RS A T S A B 5 PR . TSR E g R R, Ilerh FEE
Nitrosomonas J& 8% %A 4L % ( ammonia - oxidizing bacteria, AOB ) , %% H i) 4l & Fl >~ Nitrosomonas
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nitrosa, Nitrosomonas sp. LT-4 fl Nitrosomonas 0.1% other
sp. ENI-11, HFE Nitrosomonas J&WIRSILET 2899

e 50°h 39.9% . 31.2% Fi1 28.9%., A WF5EP & Nitrosomonas
P, AOB WEERE Nitrosomonas 2@ T r-550% sp- ENL-11
Hp, HARRGE, AR b m R
G PR R 0 AR S o T A PR AR AR AT ( nitrite -
oxidizing bacteria, NOB ) [ £ % J& Nitrospira
SR T K-RESAR, HANKE . KA.
M A AR TS P S R A . IO, AR &
B, Nitrosomonas 45 %6 X i A L S50~ 10 1

39.9%
Nitrosomonas
nitrosa

31.1%

ﬁlx‘l&ﬁ% B"J%Eﬁ:ﬁ%*ﬂﬁ s Iﬁjﬁj‘/ﬂ;ﬂﬁﬁﬁgﬂg/ﬁ% Nitrosomonas sp. LT-4

Fy, UL, Nitrosomonas A5 N & R A5 5 TERMERIUEE R St

NEH AOB. Fig. 5 Proportion of different types of nitrifying bacteria in the
24 SRR AT R nitrifying bacterial community

N TR ol 3 B 28 1 By )
BN R RS ALTE PERS b B A AL T L R B 7 ¥
BT M B R PR 2 LA A 355 &4
PITHARETEREAOE O 56 2 B BN A AL R AL
FEE:, AU TR IIRE R R SE s, mxtah
REGZRHEREY SN 55 3 Bk
EIB T B, 2 AN IR NSRRI F TRa e vE i
TR RAREZRAIEOLUNE 6 Fis. AluL, 2 4R N S S a il
HURHA N T B4 R B X = R R bR fiE 7 - R 102030 40 50 €0 70 50 50 100 110 120
1 W B T R R B A AL S st
35d, HCEHEEMIEEAS] 0.5 mg L, EAE El6 ALEHtHKEFIREELE
%3k 5 93.8%. TES 2 MVEy. AL S Fig. 6 Changzs 1frt1] amrtllo?i; nitrogterrll1 ctOI;centtrlatizn of influent
B, ARSEIRRMEAILE, HERh 45 d) B E K e et T e consmeted et
TSR P SRR T A S, ZEIEB BEH K R I B4R, SRR 0.2 mg L'
el 2.5 mg L' (HULEPZ A LR BRI TE 67.5% LA L, TEHB B KL -CW BAT 67.5%-
79.5% MER LR, 0 A-CW MERLIRRIFEREINE] 49.2% . KILEA-CW FHELTH A-CW 15 —FrE
T EARAY K RS , 755 2 BRI, KA -CW K BT BN 2.5 mg L' R
1.6 mg- L™, 1Mi#A-CW /KR TR NIRRT, Femnih®l T 3.8 mg L' #EAZE 3 BB, Witk
IR R A AT IR 10 d NRHRARE T XFR A ZERRRCE. BaE By ok & A ik
1%, HKER T EREIN 68.8% AN 98% LA b, ARSHAE FES A A BDRHI M T IR h#fh
T ytisie, HRT A 1d, XFRERoK RN EBRRRA 67.1%, TGS FEARIERE A TRk
FY5 KA RAKAYANASEEe K 0.4 m-d™', SR BAREMBEYR T, N TR RFEARAN
T PR AL R i s s 80%. MILnT L, M TR MR A TR, 260 T ik
TEPERS LI TR RE ST A s e 2, SEO s, TR R —E bt iae .
2.5 ALBHHECEMEDESE ST

HRYGEAD T RS I T IR 2 BORH R E I, P2 R e S e 7 Fs .
K S AL R A SRR E A ZE, 79INS AOB A K1 Nitrosomonas J&FIS NOB A X[ Nitrospira
J& o XS B ALK ILA-CW F A b Fe a5 5.5% 1 2.5%, 160 F-CW F A& a5k 2.19% Fl 1.4%.,
XFLIM S, NOB fEA T RGPS LT AOB, SHEANGIEMEISIRAHLL, NOB 7EA TR 210k
Ty LA TR T . Nitrospira VER—FPE WA k-SRBETRT, A 4 HCR AL TR AN AR B SE i Ap AN
WH, [RGB EGR0 DO 2577, PFUKHIEHREE NO, F1 DO #54G & B nad 2, AR A TR h ik

S}

—o— KIlIA-CW
B 2

—A— Ff{-CW
B 3
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AR & LRI, 7EK LA -CW i Ik R & 1 0B6E s _—
HEYIERETE 8.1%, 1E5H-CW hilfLIaRE i ol N
HEYIARETEY 3.50%, TR SR E IR 7
VT IBEER, FEAR IR R D s A 00a L
VEEEERGER 2.1%; AT SRR BIIR TS 2
VAT, RIS TR 2 00 025 24
RS IL RS RS 2.2%. KIHLTahask, 2 @Om 0.021 13
TN TS, AT A TR R l 0.01387
RIS, TP R (LR S BT ] 4 001 |
i, IIRFHRIAL B RH PRETE BRI A4
BT T A TR R AE S 0 oW — o
3 ZEig 7 FRIANLE#H IR ES 2

1) AHFFERH] MBR 38 St THLERE L Fig. 7 Content of different nitrifying bacteria in two

AR R RS T PSR LR b ag T e

o BOKERMKEN 800 mg-L™', HRT=20 h i}, REAREBRAFRITAHRZER R . 7E DO FEIRMRMHI T, &
AT EATISRBEIA S 122 mg-(L-h) (WA NH, '3, S im s ieny 27 45, R s e b is tag ik
#| 85 mg-(L-h) '(h NH, i) 2245, UERATCHLRR I = 2 AU AR A i A B A Ayt 1 T B i

2) XFHEAL TS VR TR R B e A5 R T, TEfR RIS B, TRFE AR S AOB R 7E K HK HE T
Nitrosomonas JEWTALAE , Hd Nitrosomonas nitros 15kt 39.9%, Nitrosomonas sp. LT-4 HE31.15%,
Nitrosomonas sp. ENI-11 Y[t 28.87%.

3) TEN TR s Bz m s s M i B A A B A S AT RE R, Rl (35 d) Sinets
SEPLHK AR IR R 0.5 mg L, @A ERFAR] 93.8%, TEHXA RS EEH )5, 10d N
HNTIRHIIRAE TR AR R, RERECRIAF] 98% UL E. fEfITE K L AR A by 5 T
G310 8.1% F 3.5%, TENTIRHAA BB, BOMBA Ss iR rEnyisle, A BT RGN IR
VIR, MR RGN A AN LRI AR ST, FEAE AN A, ARSI R A
ke,

2 %
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Enrichment of high activity nitrifying bacteria and its application for enhanced
nitrogen removal in constructed wetlands

XU Yingming'? HUANG Yangrui’, JI Qinghua®’, Liu Ruiping®, Liu Huijuan®, LI Yanhong'

1. School of Environmental Science and Engineering, Guilin University of Technology, Guilin 541004, China; 2. Center for
Water and Ecology, School of Environment, Tsinghua University, Beijing 100084, China
*Corresponding author, E-mail: ghji@tsinghua.edu.cn

Abstract The addition of sludge with high nitrification activity in wastewater treatment is one of the important
ways to quickly start nitrogen removal process, and it is also the main method for biological nitrogen removal
technology to respond to emergency nitrogen removal treatment. A membrane bioreactor (MBR) was applied for
the enrichment of nitrifying bacteria in this study. The-nitrifying bacteria were cultivated with inorganic carbon
sources and high concentration ammonia nitrogen,~pH; DO, temperature and hydraulic retention time were
appropriately adjusted, then the rapid enrichment of nitrifying bacteria was achieved. The enriched nitrifying
bacteria were added to the artificial wetland for the simulation of its rapid start-up process, finally, the rapid
start-up and highly efficient nitrogen removal were achieved for artificial wetland. This results showed that in
the nitrifying bacteria enrichment experiment, the removal efficiency of ammonia nitrogen was stable at over
90% and the accumulation of nitrite nitrogen was effectively avoided, the stable effluent water quality occurred.
The nitrification performance of the enriched sludge significantly increased from the initial value of 4.8 mg-(L-h)™'
(calculated as NH,") to 122 mg-(L-h)™" (calculated as NH,"), which is 27 times that of conventional nitrifying
sludge. Adding the enriched nitrifying sludge with high activity into the pilot-scale wetland could achieve a
rapid start-up of nitrogen removal by the artificial wetland system within 35 days, and ammonia nitrogen
removal rate reached 93.8%. Even at the interference of long-term competitive external bacteria, the highly
efficient ammonia nitrogen removal could be restored within 10 days for the artificial wetland, and the ammonia
nitrogen removal rate was over 98%. Therefore, the addition of sludge with high nitrifying activity not only
enhances the abundance of the nitrifying community in artificial wetland, but also further improves the nitrogen
removal capability of artificial wetland by means of the strengthened nitrification capacity.
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