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7, FEMIBE T BE DO WK ETE 2 mg/L, AT SCHIM B M WA ER AR B, A A K B AW EBRF 73 I " 15 (95.1 £0.8) % F1(87.2
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Bacterial diversity in sequencing batch biofilm reactor for treating
livestock and poultry breeding wastewaters
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Abstract A sequencing batch biofilm reactor (SBBR) was used to treat livestock and poultry breeding
wastewaters (LPBWs). An operational mode of alternant aeration and non-aeration and 8 h every period was a-
dopted with room temperatures ranging from 9 to 18°C and DO during aeration phase controlled around 2 mg/L.
Nitrite accumulation occurred and the removal efficiencies were as high as (95.1 +£0.8)% and (87.2+0.6) %
for NH,-N and TN, respectively. To reveal the bacterial community structure and its dynamic change trend in the
SBBR, bacterial diversity was analyzed using PCR-DGGE technique and phylogenetic trees were constructed.
The results indicated that no obvious change of bacterial community richness happened, taking the biofilm sam-
ples of the start-up phase and the seeding sludge into comparison. Alternation between aeration and non-aeration
during the running phase helped to improve the diversity index of bacteria in the biofilm, however, suffered the
change of operational modes and ammonia load rates, the diversity indexes of ammonia-oxidizing bacteria during
the running phase were slightly lower than that during the start-up phase. Except for anaerobic ammonia oxida-
tion bacteria, some kinds of proteobacterium with denitrification function and special ammonia-oxidizing bacteria
were convinced to exist in the biofilm under the experimental conditions, demonstrating that simultaneous short-
cut nitrification and denitrification were the main mechanisms for the nitrogen removal.
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R T 2 3R 9 SBBR #E4T T Ak
PHE B J7 5B K 1 52 30 9F MU T AR 4 69 B R
ST SR, X T B EUNL B 1 0F 5T 050 N S 5 B
3 0 8 B AT T — eI, SR M BCZE W AR AT IR
AWRFE %t SBBR Ji 31 K3z 47 2 7 o 40 1 4L A L 3 g
D B ) 285 Ak KL S 3 A o A 0 B e — 2B
A2 I3 5% 38 47 45 1 B 2 0 0L B IR W R . S BR
b B AR AR R, B A 38 AT A% 1F R TR R A
H R T A ) 2R T G Bl A5 A A LR A5 S L X T T
O BIF 28 8 8 11 P A I3 7K A 40 A BB 5 450 38R i 4
AT BRI, RT OR DAL P & JR 5 K K B9 SB-
BR o 41 18 22 BE A B M SC T 4R o

YT M, A BF 5% 76 BT 0B 5T 60 2 B R
PCR-DGGE A Xt £ F 15 Jé . SBBR Ji3 20 11 4 9y it |
TE AT JE 0 P9 A (5] B 220 A 0 B e 2 T 4 AT B
S e R SBBR B ITH R 541 ZHEE & 3h L
MU 22 ] B 6 2, W10 0 ZEOPL B, O o i — 2B Ak iz
FERE X, 0 i B R R R R 2 AR A

1 #R57F*E

XWERE
SR A R ATt ST A A N PR R
PR BN 25 5 12 B NE 2 1 ELAR A 36 2 DL Sk (5 ]
1.2 ®BfiTiRe R AK

FERN 5 PEIA UARMl K 2 B0 BRI B X 5 7K
A 3 A B 2T M TG e ik (CASS) it o %75 K A B
i EEALFRPE XN B B SRR OK R AR AL T
s A + b2 GRS + SRS + DR AT AR R
#r (ABR) + CASS, 250 /K B 3 %15 7K b #L ik <,
PRI K, FEIKBTHEFR : COD 1000 ~2 500 mg/L,
NH,-N 85 ~123 mg/L,TN 125 ~175 mg/L,pH 6 ~8,
1.3 SBBR T K& B

J N g E HE B AT A Z AT, © 4l 2 S H 9l
6, BRI SR FH 55 00 1] Al K 27 02 B e X5 7K
Ab v CASS AR [F] s 7B, BB KBRS 16 h,
150 8 ho A 50 Kife,NH;-N 1 COD (& i %4y
BIfERE E AR FFAE 90% F1 80% LA L. ik J5 Wk A
AT, RS T 21 d, s KisfT 3 AN JE
(7:00—15:00 .15 ;00—23 00,23 ;00—7:00) , a4}
IBATJEIN 8 b, JE IS AT A < Wk R KBRS
2.5h fZHE 1.5 h FilES 2.5 h {28 1.5 h 2k
WIHEK ™ 55 5 K T 45 B8 f 1] Oy 8 h &S S EG

1.1

[f) A 43 il T B (WAL =R 9 ~ 15°C, s AT W il
12 ~18%C) , R4 (DO) ¥k iF %% Andrade do Canto
S BB R AE 2 mg/L ZE A

XA TG e S YA 25 50 K 1 Az W I 25 RURE:
0.3 g, 4 5 MUK N1 N2 7 Y4k o 2 v, B A v K
T REIFRE ALY AR AE P B EURL , £ 15 1T
(55 16 K1Y 7:00—15.00 J& I P45 2.5.4.0,
6.5 .8 /INHF 23 i AR W BB i 25 0.3 g, G S IR IR
N3 N4 N5 F1 N6, B b 7E - 20°CF dRfr4s o
1.4 ZE % DNA BN 54

Y 5 DNA SR AL i E T3, 7E 2 mL JG
W ELDE L IMALY 0.3 ¢ FEAFT 1.5 mL BRI $E 22
MV (TR I 60°C ) , 24 WA HE 5 min, T - 80°C 7K
it 20 min,65°C /KA AL, I VRl 3 U, imA 10
pL A EHA K(10 mg/mL) , AR D HEZS W SCH[ 11 ],
B3 wL 4075 DNA DL 1% B i b e s i kRl
1.5 PCR # i

HR A I 2245 2 1 H bR 51 R AR [ 1 45 5 45
PILAAH T 5 DNA SRR AT 3G, LRk 1 s .

®1 yFHEEHRESY
Table 1 Amplification targets and primers
- 3l
E/-RER Y
w14 %24
41 F8,R15411! gc-F338 ,R518!1%)
AT amoA1F amoA2R!' gc—amoAlF\amoAZR“ﬂ
R Plad6fl 1) |
PR A AT ;
PRUN519r-GC'"!

T HgER PCR 47 3 (Y S50 M F1 DGGE 43 1)
BRI, SR T 35X PCR (nested PCR) AR,
1.6 DGGE 4#f

B 30 wL PCR j=4# 7 DCode System ( bio-Rad,
USA) b AT LIk, 28 VERE FE YL F o 30% ~60% ,
PR T Je 5 RS Tk 3 O 6% , L TR Dl 140V, B K N ]
15 h iR AE E O 55°C T MK A RS B L
0.2% By fif TR AR IE WU 6, W R BK )G T Gel-
Doc2000 %1% R 4t (bio-Rad , USA ) b G Al
1.7 Sits#h

0T 40 T RDREAE SBBR AR Y ) & A2 Ak, R
DGGE Z4 i 47 1T it ot Hovb, £ B 23
Br LA BT 3 o B A 18 2500 O 1, AN [R) I 20 R b ) 4
PR FPRE (B R 2 ) 220 i 14 21 8 DA R v
F1R ek 2 B
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R, 45 i A3 10 20 A P o 5 £ N e LUR
R E T ETTIIN Q O;-
L—55 i JkiE E M58 éﬁ 40 :\. :\;\‘ ::];IN} " 00 2
L —— 5% i B 45 B (TRl — o B ) i H B O30f N, —=-COD 400 £
= I e S
Bl1X), g:; 20k - ] 300 8
[ 4200
SRV ST I 19 o B S RIS, S RE S tof ““*-wa\,:; |00
B3R ] Shannon-weiner index 18 /8 20 ge51144 . Y SNSRI 0 -

H, =- ; P,InP,

K

H,—%F i YKE /Y 20 5 TP 2 RE P46 20
55 1 VKGE B ARG

P—55 i YKGH 5 AR MR AE 43 ER A5l A
HER He ] o
1.8 PYIRMEMRFELEDH

TEESMT U DGGE &4 , Yt J5 12 L T 60
wL o1 Milli-Q kv 24 b LI I+, B 20 wL #E47 PCR
PR YY) 2 DGGE il B — & 5, 558
A=W 28 B (Invitrogen, b ) W Fr, M 77 &5 2R 42 22
GenBank 3 K18 % 5% 5. {# F] GenBank [f§ BLAST
Xof W e 445 SR R AT AH LA 0 BT L AR A AR AL 23 B 45 2R
i Fl MEGA (4. 0) 3 Mr AF e S RGE R B

2 HRE5SMW

2.1 SBBR HJiE{TiE R

SBBR YL 25 o )5, iF A s T8, BELL I T
21 d, &R MW H 7k COD NH;-N #l TN, Jf 358 LB
FOEME 1 R, EIERESITHN 16 K, 7E 7.
00 % 15:00 X — A JH A XF COD &:f7 1 h B,
X 2 R SRR S R R 0.5 h HURE , 7K J5

S

M5 L& 2 Fros .
98
A
94 t+ ] /AIA
AL
Ny
S -\°~o\/° “ogog Qg 'O—O\i%
=
& gt —a—COD
H‘ —A—NH,-N
78 | —o—TN
74
o
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B la)(d)
B 1 isfridfid COD NH,-N K& TN % ERajCR

Fig. 1 Removal rates of COD, NH,-N and

TN during the running phase
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T (h)

B2 —ARWI(8 h) Ry KBS AL
Fig. 2 Concentration profiles of NH,-N, NO, -N, NO; -N,
TN and COD in one period (8 h)

B &1 AT, SO A AE 21 d /s 17 R, COD |
NH,-N FI SR EBRF 0B A5 (93.7 £1.0) % |
(95.1+0.8)% F1(87.2+0.6)% .

HY &L 2 AT, SO A 4% B e 1 R AR s T,
WA RN 2% COD (TN I NH,-N ¥ Ji 52 R 48 F %
I NO, -N Fl NO, -N ¢ i Fifi f57 Bt S 58 B St L
AL (BB BT B B R ) o A
JAIT L NO, -N ¥R BE & T NO, -N e B, i 3 £
BAFER XU B R U 09 7 i 80K 7 (B LB
B2y 2 mg/L) DL KRS AR B is AT B A A T
A S S AU ER  SE R A AL X b B 2 A Ak
B DO R BE 8 3l 9 35 7 M EL RS R B B Ao [ B,
A TR NH-N Y B2 TF 46 9 38 mg/L F%
Z AWK 4 mg/L,{H NO, -N F1 NO; -N I & 2 5
TEARAR 1Y % 2 /K F (NO, -N 2 2.56 +2.55 mg/L,
NO, -N 247 0. 856 =0.85 mg/L) , i3 13 B 7 45 F2 15 1k
KA R, AT R . TESEBR R K AL B A A
FERH AL HAT 0] 5 2 RERE (A ¥ e 7™ & LV 29 AR
AR TR & A= B A A DU AT Ak 3 AR K b
VA 25 M R AE R AR ARAR 09 7K1, 3 5 PRSI A 2
P i v 0T 7K BR BE 1 e (I BUE CBUK A S )
BRI R KR S E RS .

2.2 DNA RELE&4{ LK PCR ¥ 18

WI4E DNA 44k 5 2 0. 1% (1% By 5 4 5 I v Tk
il , DNA R B 4K F 21 kb, PCR 2 i K fiff
FH 1% 3508 W5 &8 e FiL Uk A, PCR 9 B 4R 15 T i it
Fm FE S0 PCR 729, 4 R Be K B2 2 2 160
bp , @ A AT Fr BUK B 465 bp, A S2HG R BE AR5 IR
A ALY G ), X AT RE 5 S IR R IR R
(YL =EN 9 ~15°C BT =R R 12 ~ 18C,
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R R B IR R ), AH G BT 5T B B IE PR R 2 AL AL

XL A IR O 30 ~40°C T A Xt S A

WL A 5, v A WL R A ) T S 3 Al A T

RHTFREZAM .

2.3 SBBR AEMZIAERERNESHESN
DGGE B BUR 45 R ANEl 3 s o

N1 N2 N3 N4 N5 N6

Bl . .

i‘,ﬂ

(a) HADGGE %

N1 N2 N3 N4 N5 N6

(b) FEILIHDGGEN %
K3 DGGE HiZ
Fig. 3 DGGE atlases

A 5 H AN Z AR PR B sl R sk 2
RK3 PR,

®2 SBBREMRAEREELEHEFEEE
Table 2 Richness values of bacterial community

in SBBR during different phases

& 5 NI N2 N3 N4 N5 N6
AN W A Rs,

ALY 5 EH R, 0.571 1.000 0.857 0.857 0.857 0.714

0.667 0.667 1.000 1.000 1.000 1.000

®3 SBBR &M EBMEHEESHEEN
Table 3 Diversity index of bacterial community

in SBBR during different phases

e k7 NI N2 N3 N4 N5 N6
Y ZREEIE S H,

FAH Z RS H, 1. 608 2.830 2.482 2.481 2.634 2.069

2.392 2.549 2.696 2.698 2.700 2.984

Hi 181 3 (a) AT, A BLUKIE N1 N2 by 4570 ik
AAHIE , HAE N3 ~ N6 b #if o] LAk 2], AH X} F N1,
N2,N3 ~N6 Z P45 7% (B5 \B6) , KM £ 2
N3 ~ N6 [ Rs, {5 235 3 1 N3 ~ N6 (19 H, ({0 575
T NLN2, 3 Al B, 94k 390 % F A9  A7 B = 5
JARNY K 2 o BEOF Bl X 75 K Ak B3t CASS it AH
], He 5 JeJR Rk B CASS b, b A% 52 /K [ y el X
|E K, AR TS JemE , P4 S0 d 5
1R A= 400 B v A T R R R R REOR R AR BT AR e, A
BATH, B AT R R A T R A N b, B AT AR )
b A MR Vet T AR A, UG B AT R O A )
NREAE IS AR AR o JEAE, A Ts A7 AR L Rs, #l Ha
(B T I, BT s 17 199 50 i 0 A B U )
T v A R A R A R AT S

Hi P 3 (b) WAL, & BLUKIE N2 ~ N6 i) 257 5L
N1 £, N2 iy 25l Bk M6 SR #5 a] LL7E N3 ~ N6
R ), R 2 B 3 Al L NT Ry Rs, FIH,
I T N2 ~ N6, Ui U] 9 Ak i 2h J5 B A W I 2RI 3
i P AH bL , AR W 5 b ) S A A TR R BE R . N2
T Rs, F1H, #5526 A UkGE o 1, B & A AL
P TE 0 AL 9] I 558 42 98 77 4R T, N3 ~ N6 Hr iy Rs, I
H,, A i AR, 3% 7T B2 B o IR0 R AT T e A i
SR, MIa A7 0 00 v 0 R 00 0 24 4 1k T i 3
TR EE AR, N3 NS A
N2 [AlFERY M7 Z%48F T N4 FT N6 I ik 2% 32 2%, 1t
Y B SOz a R I S A — & M2,
N6 H H, {E W] AR T N3 ~ N5, 3 J& K o Fif 45 Al 1k e
AL HEAT , 20 R0 B AR, — 26 S S AL T 1 T TR
B AW S R ORI/, DA T AR BEAG I 1k
XU TR AR R S A A E R
IR R o
2.4 RERFNMN

B 6 FR A A5 KT SRR AT SR 2 DK 1l
W \PCR A 4 A DGGE %7€ J5 , 16 gl F , — 3R
137 13 X790 K7 918258 45 Genbank FRIGE: 55
(HM185392 ~ HM185404) ., fifi il MEGA (4. 0) i 4
MIERESLRGEREW, WIE 4(a) (b).

HRAEIE 4 (a) , FA 0] LW & BS B3 70l & T
K1 F B AT B (uncultured Beta proteobacteria ) I
K1 v A H (uncultured gamma proteobacteri-
um) ; B4 J& T R 55 37 ¥ 2 % (uncultured Dermato-
philaceae) ;B1 B2 oK 1 7% 41 B (uncultured bacteri-
um) , H B2 5K FE o 28K B (uncultured alpha
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[ L-Unculture bacterium EU368947
1
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Fig. 4 Phylogenetic tree analysis

proteobacterium ) [6] i ; B6 B 5 K1 o 2B (un-
cultured alpha proteobacterium ) 4 %% & 1 A5 {2L ¥4 , 1H
AR, AR T E i f Tk — L% e . SRk
A BN g A AR R 2, U B M R X S
P LBRRS T FEAEM, XSmRS s
LSRN R LI R A TR R TR TR T
A W I e DR 7 T TR A D AR BIE S R 8 RORH A AL
RPEHE T IR

RIGE 4(b) , M1 ~ M7 B HELE Genbank 14k
2 55 HARRUME =5 3K 99% R FREE, (A M1 ~ M7 5 HAth
X35 9% & E AL B (uncultured ammonia-oxidizing bac-
terium) JEAR[R] P . M1 ~ M7 BRRRMETTBE 5 & & K
IR S B AT A AT G (AT LAY R B2 AR 2
T SRR IR ) 28 A A 2 TR A SR A R A T
A, A BT A2 1T B Brr AN RR £ BUR , T
JIREA AL RO AL B 3E T AR

3.5 i
(1) %1 SBBR 4b B & & K, 72 = i (914 3]
9 ~15C, iz 7] 12 ~ 18°C) N, 4% “ B if K (RS

2.5 h f#BE 1.5 h IR 2.5 h 50 1.5 h (FIER
WIHEA T BB T, 45 e B BE DO W EAE 2 mg/

L, a] 52 BE A S i) 0 il R AR 2R, O BOAS R4 Y A R 2

(2) A F e A5 P T 5, A6 300 A 9y i o 2
PR AT RE B R R A W] A s AT I A R A
g A A B T4 v A W R A ) 2 R R R
LA SJBE)  AH 52 0 /A5 B am A7 B R B
iy A2 AL R i A7 3] S A T 2 R A R I T
PR o A= O S P A7 A 1Y 40 T o R 4 4 R A SRl AL 2
RE Y AT 1 A — BB B RF IR 1 2 E AL A i, fE AN S TR
FM T ARRIRA A AMH

(3) ARSI 25T, 3 200 B0 S0P B O e 7 i
P BCR AL, HL R A AL -5 S A A R I A 2 Y

£ % x #t
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