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Assessment of the Effect of Influent NH, -N Concentration on the Abundance

and Community Structure of Functional Bacteria in CANON Process
LIU Tao', LI Dong’, ZENG Hui-ping’, CHANG Xiao-yan’, ZHANG Jie'?
(1. State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, Harbin 150090, China; 2. Key

Laboratory of Water Quality Science and Water Environment Recovery Engineering, Beijing University of Technology, Beijing 100124,
China)

Abstract: To investigate macroscopic performance and microcosmic ecosystem of CANON process in low ammonium concentration at
room temprature, a steady-operation CANON reactor was achieved in different ammonium concentrations by adjusting aeration and
hydraulic retention time (HRT), and the effect of ammonium concentration on the abundance and community structure of functional
bacteria was analyzed using PCR-DGGE and real-time PCR. The results indicated a high TN removal loading of over 1.0 g+ (L-d) ™'
in relatively high ammonium which was significantly reduced with the ammonium concentration of 100 mg+L™'. The community
structure of ammonium oxidizing bacteria ( AOB) changed sharply with the decrease of ammonium concentraion, which was not the
same as anaerobic ammonium oxidizing bacteria ( ANAMMOX bacteria). Besides, the abundance of the two functional groups of
bacteria reduced while the population of nitrite oxidizing bacteria (NOB) rose with the decrease of ammonium, which might be the
main reason for the reduction of nitrogen removal efficiency. Consequently, some strategies are needed to reduce the loss of AOB and
ANAMMOX bacteria and inhibit the growth of NOB so as to maintain the nitrogen removal performance in low ammonium concentration.
Key words: CANON process; room temperature; low ammonium concentration; PCR-DGGE; real-time PCR; AOB; ANAMMOX
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FRETE 35°C , 2R PR AR 2 UMK BE 1B 47 S %, {H A2
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FE AR SO A A RS TR 20°C, i K A R 69
mg- L~ BF A L BR AT 55 0. 26 g+ (L-d) ~'. De
Clippeleir %57/ ¥ OLAND T2+ £ 25°C , K & A
5k 66 mg- L~ F129 mg- L~ A, B 25 Bk G fr 43
BIEEE 0.44 g F10.38 g+ (L-d) ' &5 b, R A
T A R LRI 5 A 2 O AR AR R S T
= A PR BT RS T oSSR PRI R
B S IR IR, 1T HL R SR IS s A TR R B 1
A R BE U X R S8 N AR B R DL SR IR
SERNRZ I G AT R G AT, P ARG LA
i FEEZ 1T HY CANON S i 2 VE M X 52, 7 M 7
200 d fyiEAT 0 P, 2E K Z A 400 mg- LB %
MRS 100 mg-L~" B RN #% B8 17 00K, 9F 2 1
PCR-DGGE #il real-time PCR J5 ¥, 43 Hr S RE (A= 9y
(RN RN =E BE (AR Ak, I X B R 2 o A 45 2R 48 A
BT TRLBEM) K R TIHE.

1 #MBEFZE

1.1 SLmde s Riafr 4

SEERREEANE 1 s RO AR AR 150 mm), B
T BE 700 mm, SRR 8. 15 L. A P I L 5T 1
AWy b kg UEAE O AR EE . pH {H . DO %X
PR R 5. 5L A /K L NaHCO, ., (NH,),S0, .
KH, PO, 5 H /K BC & M AL, SR b 1 ik K IS EB

pHHIAR DOHLH}

WA
R NN o
g ok —F

E1 CANON REHIWERERTERETE
Fig. 1 CANON reactor installation and flowsheet
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PAEEIEER AR ( >400 mg L) R
B SR E 1B 1724 150 d, 2 )5 K & A e i 4y
S 400 FEAE 2 300, 200, 100 mg-L~", I i
HEMESURIK F45 B B[R] (HRT) ff R Gk 2R e, %
FENFFE A T CANON R G Wisfr B, fEis
frid b pH H7E 8.0 ~ 8.2 Z ], Ja & N & IR, 728
AL FIAE 15 ~23°C ZJA].

1.2 kI B 5500k

NH," -NR 4 A6 EE 2 NO, -NSRH V-
(1-Z858) - WG eV, 5 NO; =N R ] B 45 75 193 4
JEOGRERE s AL (DO) FNR FE R H] 2 D e i i 4
TELI E AL (WTW inoLab StirrOx-G , f# %) , pH {8 %
H pH il 72 4L (OAKTON Waterproof pHTestr 10BNC,
K.

1.3 DNA $£H

G3 BIAEAS IR 1 7K S 0 BT AR A R B I
JOF s PR RSO, FH G A Ik A= W BT )5 >R AL
SR By T S A R ) & At Ak Tl
(7 AR IO 2 DNA, HLAARSRAE AL 3R v 2 Sk
(9], 52 ANFEM ARG — 28 T 3RA5 5k 4l v
(LR 41 DNA, >R FH S BE BEBEE DNA [l it 7 6
(KM, Jbm0) %=yt A7 Ak [, $EECAY DNA F
i 0. 8% LR REWHTEE RS LUK A TAG .

1.4 PCR. DGGE 43#r

X F B-Proteobacteria ) AOB [Y 16S rRNA § 4%
FHHEK PCR. S —Fr B, SELL CTO189fA/B/C LA )
CTO654r 5|1 AT H 14, 519 5 51 Je 35 45 L
SCHR[10] 5 ZJ5 IS —BrBe i) PCR 7291 A, LA
N 8 51 ) F338-GC I R518 #EATY 14 519 %
G 3 G S5 DL SR 11 ]

ANAMMOX & Ky 16S tRNA $" #¢ ffi /i
ANAMMOX W ) % 55 ¥ 51 % % Amx368F-GC/
Amx820, 51T 5 K7 1 S5 D Sk [ 127

PCR 7Y 1. 5% (%) By B W 356 e L Uk 2R 47 4G
W, I 28 3 B E A B e 2 A T ISR & etk m iU
K D-code i 22K 22 58 ( BIO-RAD, £ [# ) #F
1T DGGE HLIK43HT. DGGE LK 2544y - 58 VR s T i
WP 8% A TERRRE 30% ~60% ,HiJE 120 V, Hi KA}
1] 6 h, B~ FRIR FE 4ERFTE 60°C. HLUK S, o5 X
A TR Y I R
1.5 UEYZREES T

DGGE i H Quantity One #X 4 ( i 4.6.2)
AT ZREES M7, 35T DGGE I8 4% 1 450
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F5 B A H Shannon-Wiener 25 ¥4 5 0 (H) Fl
Simpson’s F8 5L (D) RV 254~ B BE A Wi eI 1) %2
R, ZF BRI SCHR 13 ].
1.6 VI, MIF K RS0 E W rAe

VI DGGE & & h i) B (14 4547 % T TE buffer
(pH 8.0) "1 ,4°C L7, LA IR, IS & GC J2 1)
519117 PCR ¥ 34, 207 & 464k )5 1 PCR /=4
55 pMDI19-T #iA &£ )5 , 5 AL 282 2540 il DH5 o
w3 A T BRE R v L3 B BE M e B T R T
LB K 2 W, 37°C 1E R 4R 3% 1F 85 9%, i 1 1 78
PCR J7 LA B e Al 2 75 i Dy, e B P s B - 24 7
J . XN 5 SR AR B v L R0 90 A AR AR 43
B, A MEGA #44F (WUAS 5.05) , SR FHAB A AH %
% ( Neighbor-Joining ) ¥4 £ R 4 & & #, A 28 EH N
1 000.
1.7 ZtE R PCR

AOB F1 ANAMMOX P 5 2 S 56 fir FH 19 5 | 490 %
3 5 & amoA- 1F/amoA- 2R™' DU & Amx694F/
Amx960R ") N T ER K S Rk JE X Wl R R 4R
L (NOB) =E B (1952 Wi, X} NOB #E4T T A 2 5%
5. AT R, 2T K AL B R G b i i UL SR AR
Y2 & ( Nitrospira ) , M AHALFT & & ( Nitrobacter ) &+
Heh 80 NOBH R, AR GEXT Nitrospira #47
FE R, BT A 51 4% R NSR1113/NSR1264 .
K20 pL AR FR 35 29 5 1 x SYBR
Green | Real-master mix (KAH, FHE) , 51945 2 pL
PIR 1 L HEP 4 DNA. J W7 Roche Light Cycler
48011 X #% ( Roche, Fii 1) L k4T, BAFEMEL 3
WO IAE. OB R F 4 :95°C 48 M 3 min, # 40
AEIR, B ER LS 95°C A8 ME 12 5,55°C IR & 12
s,68C ZEfH 12 s.

#1 AOB, NOB I ANAMMOX 4y i il £ B
ol FH A o 3 A v B S B AR AT 4 i 3 2R AT
()5 S IR 5 | X P FE R 41 DNA 15 2% PCR /=
W2 aiAL 5 3R] pDM19-T FokLH | B4 78 2] %
AANM DHS o H. 3 33 1 BT O 38 H BH A e b7
A R R, B USRI W DNA JF . SR H
BioPhotometer #Z & & 1 % 1% ( Eppendorf , 725 ] ) Il

R TOR A ST Y SR, AR 45 F L UKL DNA P57
TR i AR T 2 JTORE Y 231 S A B R i 7
THHR(6. 022 x 107 ) g FORE I S5 ek vk B2 45055 1L 45
DURG. K TE AL BORIBR BE R B BEATOOLE 1 PCR £
4550 5E fE b 2k

2 #R5itie

2.1 RVARisfT

ARSI B K SR MR S 1 400 mg - L7 K
filKZ 100 mg-L ™", B2 4T 200 d, fE AN B 1730
rp K E A AL 1.3 ~1.5 g-(L-d) ' A 47,
TRETE 15 ~23°C YU Bl /4. 38 5 R 44 i< A HRT,
DI SR W 2 B R 38 1T, IR AR I B 2
o 71y

M1 1 Al ZEHE K AR E > 200 mg- L' A,
i 1 PR AR HRT, SR B R AL B A R 7
far s, X Uk BH 7E 1 K S AR JE > 200 mg- L7,
AOB Dl J2 ANAMMOX B BE % 38 4 19 5¢ B 1) A g
R, IR UE 32 48 HAT 3R i is 17 Rk fE. mFgE 3
B 3 v P 2 R B AT B T S A R RUR SR
WAEAERI R GE MY 2 AR, AT B SSBR —
ST AN, T vk R R RE A
RS YA R £ S AL T (NOB) | 53¢t 2 1 Jliox — B
B R G A RE BT 1 R R 2 —.

SR M HEK AR IR EFEZE 100 mg- LB, BA
EBRERER 0%, DA ERAMBEZR 0.5
g+ (L-d) U RO A K, {H K SR 1 = T Hendrickx
S PL I De Clippeleir 27 FE 8 IR R B
IRENAY R R O ey, IH RS 2 T B A 0 A o R
BT 02T B T BB I K Oy . R G0 N A S AU I Y
R i AOB I 1 AR sl 3 Bl el ) T 5 & —
IR T I A fa g 12115 . 1 AOB A
AEAZCFI A DO, M T3 A% DO B R &, 1] fig 241 il
ANAMMOX B B9 36 P4 5 i S0 260 9 B 2 AT i 2 AR il
NOB M4, e MR R 48 N BT AR A8 7. itk 4h,
F T HRT BYREAIR, 7K 77 67 4 185 5, T A2 4 JBE 1) dofo
e A A R R 2 1 O SRR, T e 1) T R D
B 22— RN O AR S R G205 R G A

x1 REFEMRBESTRE

Table 1  Operational status in different phases of the reactor

BT R NH," -N/mg-L."! W54/ L e min = HRT/h BRER AR g (L) ! BA LR %
1 ~60 400 5.0 1.2~1.6 1.00 70

61 ~87 300 4.5 0.8~1.2 1.25 69

88 ~ 153 200 4.0~4.5 0.6~0.8 1.04 70

154 ~200 100 3.5~4.0 0.3~0.4 0.5 40
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PCR L5t —L e,

2.2 DNA $2HU ) PCR 43

IS shist T IAh R Geik Bz H 40 T i Fa
FERAS BT DS N 25 7 SR S A 0 RS i B B A
YT A 20 DNA. LKA DNA () Bt 8 A 5 e H
VKRN EE S 2 fos , R /ING 23 kb 24, 5
VRN 4l B A 0T | A e S i S B BRI T 4 ol FRAR 1Y
DNA #i4R.

BT WXt i) PCR 434 77 Py 1) B g W 5 1 v
TREESR UL 3, P73 H B DNA F 7 K /N 5 75140 4
£, H Ry 3 s — B B4 . BT B A s
Mz, U PCR SR, FEAAT 1 HhAH R 19 Zty (B
X RRZH HL VK ARSI )

2.3 KRN TR RE YR 1R

ARIVEKZE AL T AOB Fil ANAMMOX [ )
PCR-DGGE & 3% 41 €4 fir 7 . DGGE & 3% vp £ 5% 4%

M 1 2 3 4 5 6 7 8§ 9 10 11 12

(2)

M:A-Hind T digest; JKiB 1 ~4 435 R kK &R
400, 300, 200 4K 100 mg-L~" iy DNA #f i
E 2 E[FZH DNA BikE
Fig. 2 Agarose gel electrophoresis of genomic DNA

(b)

(a)Jg AOB [4 14724 HErik I 1 ~4,5 ~8,9 ~ 12 433} amoA-1F/amoA-2R . CTO189fA/B/C/CT0654r . F338-GC/R518 ¥ PCR 37 4
15 (b) 4 ANAMMOX B4 #8724 kil 1 ~4,5 ~8 7358 Amx368F-GC/Amx820R LA Kz Amx694F/ Amx960R K 34724 ; (¢) i NOB ¥
7Y, VKB 1 ~4 25 NSR1113/NSR1264 § 34774 ; M.DL2000 DNA maker

E 3 PCR ¥ #E=4 B ikE

Fig. 3 Agarose gel electrophoresis of PCR products

R —FE Y WA ECE — A TR 20T
(OTU) , 5745 (AL TG 25 B2 (8 AT LA S il 38 48 v ik
IR IE S I S e R B FE TR 4 () i, S TKGE 1Y
et A 2E RO, ] CANON &4 AOB
(IREVR S5 BEHE K 2 B BE B BRI A 2R T BRI AR
{k. il ANAMMOX B PCR-DGGE [&l3¥% #) U 45 kit L
F—F [ B 4 (b)], HHA WA KA, v
ANAMMOX T8 fF 7% 45 A8 T B, B AR is A7 ad #e b O 45
TR AR E .

i3 Quantity One #AF, #R 4 DGGE El3% 4%
R A2 BE(E#E4T Shannon-Wiener Z2HEPE4E
HU(H) A1 Simpson’s ¥880( D) T15&, FHLLEAN #E K &
RIRBEXT B Be U A WU RE T Z R VR 52 ), 25

JLE 5. ANAMMOX B /Y Shannon-Wiener 2 ¥4 48
B (H) 1 Simpson’s 850 (D) L&A K28 14E, X
5 ANAMMOX [ %) DGGE &l 1% it 31t 19 1 7%
SER RS E PEAH — 2, X S A AR T TR (H
SNE A5 ANAMMOX. [ Fift f v 245 44y 38 B2 A 2 BIAR
KA rfily , ANAMMOX ] B4 FE v 45 1 32 HE K R R
i) AN K.

M AOB % Shannon-Wiener 22445 4k (H) F
Simpson’s $8%44( D) 1£ #f /K & E W FE K 400 mg L~
ek, YK R R 2 200 mg- LI BL T
%EE‘JFF&,T—F 100 rng-L_1 B SCA BFril A B
IR TR . 1 T REEH AR FMNTE
ZRAEIBAT 150 d, L R G NHERE 29 W T 15 1 =



24 X Pk . B RIREEXT CANON L Z Dy BRI W) = B R T 25440 1) 52 ) 71
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