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Abstract: Bench scale sequencing hybrid biofilm reactor ( HBR) , fed on synthetic wastewater, were used to study the characteristics of nitrogen and
phosphorus removal with different sludge loads. It was found that under the condition of the sludge load at 0.35 kg(COD,) +kg ™' (MLSS) -d~!, the
system had a good performance on nitrogen and phosphorus removal, and the total nitrogen (TN) , total phosphorus (TP) and ammonia nitrogen ( NH," -
N) removal efficiency were 96% , 89% and 96% , respectively, all higher than the counterparts in the sequencing batch reactor ( SBR) process. The
suspended sludge contributed the main nitrification process with the contribution ratio of 1. 66 to the biofilm. However, the biofilm influenced the
denitrification and phosphorus degradation processes significantly. The contribution ratio from the biofilm to the suspended sludge on denitrification,
phosphorus releasing and uptaking were 2. 19, 3.50 and 3. 76, respectively. The microbial community structures of the treatment reactor were monitored
by PCR-amplified 16S rDNA and denaturing gradient gel electrophoresis ( DGGE) analysis of the resultant PCR products. The profiles of DGGE showed
that the HBR was rich in nitrogen and phosphorus removal functional bacteria and the correlation coefficient between the suspended and biofilm microbial
community was only 73% . The results indicated the close relationships among different microbial communities in the HBR. The relationship between the
structure of microbial community and its functions may be characterized with the variation analysis.
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1 5|5 (Introduction)

157K U HE R bR 23 ™ R I K AR R R
25| R KK E B 5% 4L A @ ( Danalewich et al. |
1998) . 2}y T /D ABE 520, T3 K AL FR T — e 252k
B Rl & SR T2, 4 SBR 1.7 ( Casellas et al. ,
1994) A*0 T.7:( Gonzalez et al. ,2007) FlA4= i
A T. 7 (Nicolella et al. ,2000) 55. [n] 3 45 e 75 7K
S IR ARG BN RDE A VIR & R 4E, AT LI
il B PR TE TS Ve AR S VR 38 17, AR5 A5 A= 9
JEE A A AR AR G2 18 A A AL TR, DA T IR 2 5 AR AR
Y E AR H B (Wang et al. ,2000) . APy B A
23 () 5 B, R 6% 4 (L I SRR S BRI T PR B 22
BT SR A AE P BRI RCR s A= W) I RE S OR 7 A
G2 B R Ak 20 PR e T b A R A R BOR. F
FRUEV AR Y T 5 R 2 A AT, [ AT
DI 7 50% 1) [E A5 B B 1] ( SRT) (Jinwook et al. |
2007) , 41 Lo (2008 ) Wik BH T AW & & R Ge i i
RIRBSCRAR TR GGG ek

YR & RZ D, A YT LU R 5 05
Ve SRT e KAk, 7] Ao S 3R X 458 1) 2 V2 A 05 U
SRT, 7E—E T2 b M th 58 1 2 b i A R BR 5k
FEXTG Y i B R AR B oF . A G 5E R W, 2B
G A RGP REIFAST5 TR SRT BEAEHI#E 10 ~ 15 d
(Su et al. ,1996).

A R G0 A W R T U SRR
TRk 4 A M [F]. Falkentoft (2001 ) BF 5% 22 B, A=y it
T A W R B 2 ) 5 T ), T R T BELAS T
AR B AR, Kumar Fl Chaudhari ( 2003 ) #F 5% &
M ,SBR T ZH1 SBBR T.Z#RAEMS 1K 5] 90% LA 1Y
SARASCR SR, P 1) B R R BR R H 4 51k 48%
F162% . You(2003) LA T iGVETG U6 - LW AT
AP0 TEMIBARRCR , & INA Y B2 07 15 1
BE RGP A AR L BRI E T A0 T
2 TR VR N A e S R AR W R T RS
THALTE P, PR AR 32 24 HT [ 12 ] DGGE £
AREI, EE R B EESE I T SO a5 H ig 1k
YR HCE, NTTsRAL T T2 e /e . o oF o
T, B A RGO AR A AR 32 2 sk 9 2 BT
AV5le, BIRATG RN R R AE Y 6. 4 %,
TR A AAE RS 3 22 STk 92 AR R, A P R 1)
S R IR BB R 4.1 £%5 (Lo et al. |
2010).

HAEr, AR & RE MR KR E T
T KRR 3T 51 A R G0 P B TG A A
)R R 7B R e A S | A NS B T B o A
VIl & & 58 COD g, st HoxH E WIS & R 40
J R SR W )2 ), AT B U V5 08 R A 4 RRRT ZRUw 1Y
Z R DTk, [R1 328 FH 5 A i AT 2R g -5 1 i
JBEHL Bk AR (PCR-DGGE ) 20 i A5 R S8 17 350R
ST E IR RO .

2 #EFAF % ( Material and methods)

2.1 RI%EE KBTS

R OR & RN 4R , 0 BN A R A
IV #% (Hybrid ) F11 SBR SV #i. [0 a5 H A AL 35 225 il
B, 55 500 mm, A 150 mm, B AT 7.85 L. 4EW)
A I i g FP VAR R (1.0 em x 1.0 em x 1.0
em) FACHEH 50. 0% (TERHHE R (5 g <t A 2L
BRE ).

PIAN RV R P X 2 17, 1 K247 3
AR, B 132 17 480 min, HoH, IR B 120
min(FL4E# 7K 5 min) | #FUEL 240 min , Bk B 60
min JTIE 45 min FE/K 15 min,fi@%%ﬂﬂﬂéﬁf%%ﬁ?ﬂ
@ (PLC) #1217

BATHEDIRIE (22 £2) C |, i A B il S ik i
PRFFTE(6 + 1) mg- L', i1 5 A 7E 4 420485 o e HE
BIFATG I HITE R, L COD fifmf (N,) 4351
70.33.0.35.0.38 kg-kg'-d ™' (LA MLSS it, F[H)
3 AR T L.

2.2 HAT R AT K

A leck A AL s iE WG KA ) A0 T2
W5 IE, M 5.6 L,MLSS 5.0 g-L~". K%
ANTAERI5/K, A C H,,0, . NH,Cl Fl KH, PO, %
il COD, .TN TP 43 %1% 800 .50 .8 mg-L~", IF-¥MM
VB TG ER (Astrid et al. ,1997 ; Linping et al. ,
1998).

2.3 KA TTE

COD,, \NH, -N NO, -N NO; -N TN . TP pH ¥
G3 BT AR A 56 SRR (I R SR, 2002) . 15
T W I 2 2R FH GB9837—1988 Hidh I i s it 7y
5 B Ak 2R R B vk B T i B AR TR Y
NO -N W EZ 22 R Fom (Bra 555 ,1996) , It ik
R FH B MR B2 3 U8 B AT [E] Y NOy -N i
FEMAE R R 7R (E4E -4 ,2008 ), Bl 3 %%
PR YR BT YR B IR AEU RS ] P TP MR BE A AR Ak ke 3
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¥

2%

N, Bl R FH BN VR B T U8 FAN T SR [R) P TP
W BE B AR T oK 7R (SR AE TN 45,2005 ) . B TFE AT R
T W B S 7 8 SR (1) LU B A B VR S TS YR R A )
HERXGF 122 S I 4 R L
2.4 DNA #HUf2 PCR ¥ 3%

RIS P LA YT 12 ANHUH SBR N 7% Al Hybrld
Iir”%;uTLﬁEPKIEJ:;ﬁ AT TS R

FFA3HT A b 5 FOR R L2 1.

®1 FRERESKEKR

Table I Number and source of sludge samples
B17 5 Femds  FEsORIE
IE IS 17T 0 TSR] RS I
(e AR B) S YIMkERE J5 ¥ SBR V5 ¢
H YIkRasE J5 ¥ Hybrid V59
N, =0.38 kg-kg~'-d ! Ss SBR {51
H; Hybrid £77757%
HB; Hybrid 2 ¥y
N, =0.35 kg-kg~1-d ! Sio SBR {51
Hy, Hybrid 277151
HB,, Hybrid 44 K
N, =0.33 kg-kg~'-d ! S SBR {51
H,, Hybrid 277757

HB,, Hybrid 4 ¥

K H FastDNA SPIN Kit for Soil ( Qbiogene,
USA,1986) 1075 & , ¥ R4S VE U6 BH UE 1T DNA $2HL,
PEEU Y BEARAE T - 20 C HYUKA. DNA B3R BT &
WL 1. 2% B BEREWEEE RS B IK 73BT

PCR "3 16S rRNA Yy IE [0 5| ¥ A GC341F
(5'-CGC CCG CCG CGC CCC GCG CCC GTC CCG
CCG CCC CCG CCC G-CCT ACG GGA GGC AGC
AG-3"), 5[ 5] ¥ & EUS00R (5'-GTA TTA CCG
CGG CTG CTG G-3') (BRFAFRLA,2009). ¥ 485 A
BE K290 200 bp. 50 plL 19 PCR w4 2 %
FHR 524 123 /) DROOLAM. 35174440 °F .94 C
WA 5 min , 94 C A1 min, 65 CEM: 1 min Nl
JE BRI REAR S MR B 1 °C, 1t 20 MG R,
72 CHEMH 1 min; Pl T 5 MES 94 CAPE 1 min, 55
CHEME min, 72 CIEMF 1 min, FEJF 72 C LM 7
min. PCR ¥4 S W 25 5, FH 1. 8% Y B HE M5 ik
FL IR 2 75 3 A ).

2.5 DGGE % & o #r

ffi F Decode 3 [Hl 28 A% #6542 #5 ( Bio-Rad,
Hercules, CA, USA) i 17 DGGE 4 #r. R 4 16S
rDNA 1 - B B, 0 356 3R V3 M I i 468 M ¥k 38

8% , Ll AR M 701 B o 35% 1 70% FRE. A 5
5 H DGGE 43 # A #E 47 B AH IF A Quantity One
( Bio-Rad ) B4 0Hr , AR 4 2% 5 5 AL & ] L5
Shannon-Wiener ZFEEFE %0 AHLLSE 4. % DGGE
JB BB HAR S OIS, 2EAT IR, A i E AR AR

WIRGE LB R
3 HRANiFiL (Results and discussion)

3.1 [ COD fifir T Hybrid K B 2 oy & 8k = &
&N

Bl 1 kAR COD ffef T80T, Hybrid 52 1 #% H
7KH NH, -N Fl TN W BE RIS B0, B 1a AT,
TEN,=0.33 kg-kg '~d "B T T, Hybrid J V. #%
K NH, -N ¥ BE B =5 T 2Hfh T80, 9 Ar 7E N, =
0.33 kg kg ~"+d "B}, A AE7EH 45 Hybrid
SIS s Y SE B 5 R I EE R T 20 d. BFFER M et
K 2 50 M SIS TR A 1) T 2, AT 55 ) 2 L 2 R A SR
(BKER 55,2002 ) . T TN B 25 B 880 A0 22 8 K (A
1b) , TN ZBRRA7E 85% L |, e 4 89% , 5 SBR

SR AL, AR 3 AN fafar TO0L R, Hybrid 2N #%

200 , | e 03kekedl
18.0 | Te03Skgkgdl
—4—038kgkg-d! | |
16.0 T
4 14.0 | Fo
=120 | L
’fg 100 | 1
Z 80 [ | | |
5 60 | | | |
z 6 | bt
o { | l
201
N | e ' '
0 60 120 180 240 300 360 420 480
fif 1] /min
20.0 —=—0.33 kgrkg +d”!
18.0 ——0.35 kg-kg-d™!
16.0 —A—0.38 kg-kg!-d™!
= 140 l
= 12.0 |
g
< 100 |
i
g 80 |
Z 60 |
= 40l | |
: | | | |
20 .
NG L
0 60 120 180 240 300 360 420 480
fif 1] /min

E1 7R[E COD faifif T Hybrid & B g8 & NH, -N #1 TN iR &£
s B i Fry 3R 4K
Fig. 1 The average concentations of NH," -N and TN profiles under
deffirent COD loads in hybrid reactor
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TN KBRER. MLSS & 5% i [5) 25 i 16 5 il 1k 1) 2 22
2 (E#IESE,2007) 11 3 A~ T00F SBR R #%
) MLSS ik T Hybrid [N 2% , It , Hybrid [ #5 19
[F] 20 AL S RS AR AT TN R BRFEm.

2 J& Hybrid S #1175 Je Al b o 5 A s i
AR A E Bt 2a RTAT B COD 7 faf Y
PR, BRTE T VS AL W RS 1 i Ak R A X
T EEAST5 T SRT B/NEALT MLSS, #ém T
15T B AT, B0 T IS Ve AL M e ( BB AR
%5,2006) . 7 Hybrid 20 i o, HoB 77 2575 Y8 At
GAEWIEYEYE T mifb D68, 45 F XS Ak i 5Tk
Fe23 30 2.31:1 (N, =0.33 kg-kg '+d ') .1.65:1
(N.=0.35 kg-kg™'-d™") . 1.03:1 (N, =0. 38
kgekg™'-d ") AL, BVRAS TS R XA Ak D) E Y BTk
RERTMEES AW A B A 1k R — 2
PR i A2 TR R 22 A KA AR W R AT 482 A e
PR AN B /D 5 — 02 R Ky B A ALV R 4 o, 5
TR S I 250 4 A ) ISR T 104 245 [) AR i 4
TIPS 4 B ) 38 5. 4 Hybrid SO 2%, B8R
BRI EZAE A P (L %52 COD
TR AL 52 M K, S A8 A 3R 41% , ST R

g

@ SBR
B Hybrid

O Hybrid &i%i518
E Hybrid 445

/1
)
r7T 1717 17T 17T 17T 1T T T T 1T T

035
COD #i7 /(kg-kg -d™h)

@ SBR

1.8~ — 5 Hybrid

16 = O Hybrid 758
' = E Hybrid A4

RS (mg-g+h7)

0.3 0.38

5
COD fi 7 /(kg-kg™'-d ™"
B2 7R[E COD St FAHLE R RN EEILE
Fig. 2 Effect of different COD loads on nitrification rates and

denitrification rates

BEAEYBN YL 3Z COD 1 fif 48 16 1 52 i 55
INERARAEER A 11, 5% , 1EJ& T Hybrid 0 #%
T AR YN B FE TR, A f 45 Hybrid S g8 %) COD 1A
i (8 A8 AL HAT TR 1) 2% e

WE 2b Bz, PN 5 19 SRS b R Bl 25
COD 1 faf (14 /=3 1T BEAIG, 76 Hybrid S &% H, BiF
AW R V5 YR T I A TR L 43 3l A2, 3101
(N,=0.33 kg-kg™'-d™") . 2.43:1(N, =0. 35
kg-kg™'~d™") . 1.84:1(N, =0.38 kg-kg '-d™"). 7]
UL, Hybrid R #% B 0R 3 2/E -2 A R, G
% Ay Mot S A AL Tt SR P 5

5N, =0.35 kg-kg -d T BAALL, 7EN, =
0.38 kg-kg +d ™' T-BUT, Hybrid 2N #5 B BB A ER
BEHCRIBRAC(E 3) , R E T EIR TG Je i AR,
ToHE e R AERRHEE . N, =0.33 kg-kg ™ '-d ' .00
T, TR (20 d) K 5 K T 2L, T i
FI B 0% S Ak T 0 44 P %) B R i A K v [T B, 38
15l 0 S BT BR B R BRI N, = 0. 35
kg-kg ™ d T AT A R G R R AR B R Y
St PR, Bl R 1Y) 25 B AT B HE e 4
N, =0.35 kg-kg '-d"".

1.6 - a.

B SBR
14l B Hybrid —
_ O Hybrid £33 =
Tolar & Hybrid 4% =5
T 10 F o=
&0
E08F
g&:@ 0.6
3
& 04
02

035
COD 7 /(kg-kg™'-d™)

b. SBR
B Hybrid
O Hybrid 82150
= Hybrid A4 =

/(m,
S Soon ot N
T T T T T T T T T T T

035
COD #1714 /(kg-kg -dh)

3 A[E COD fHifi TRERHE EMBHHERM LR
Fig.3  Effect of different COD loads on phosphorus release rates and

uptake rates
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T T TR S (N e ———
JH. B TR T, 2 TR T 505 VR ) TR L REREEEEEEEE "
0.64:1(N. =0.33 kg-kg~'-d ") .3.37:1 (N, =0. 35 ~ A} B -
kekg ed ') 6.48:1(N. =0.38 kg-kg -d ') s HEE y A
RS AR T 2595 T 0 TR E O 3. 32:1 == —=8
N =0.33 kg-keg'+d™").6.71:1(N. =0. 35 B S e S —
(N, g Kg ) (N, el . %;35 _— =
kg-kghd™') 1.25:1(N, =0.38 kg-kg "d '), HAE B=R_=—= ==8=
W RS vy 5 W e Ay . PRI, A W TR B e R AT 32 e - —— = =
DMK, D PRITE 792 26 0 M ) S0 2 B bR e 4 42 " ;.|
B, BAT R A B T R BE T BB DI RESL , 1R BT
R[] s R B 7K e - . — . -
% LB FURH B0 ) I e A 25 BRAOCR  TEARBIESE
HIEET AT+ N, =0.35 kg-kg -d ™' XTE—E
R JRE it DR s i A% 8 S s e A A0 R o B4 5R#S DGGE Hil
Xﬁ?gi}éﬁ%gj‘zgg%%‘ Fig.4 DGGE profiles of sludge samples
S B 7 s LS 4k a U kA A
3.2 ﬁﬁﬁﬁﬁ?&i%ﬁ@ﬂ@/ﬂﬁkﬁiﬁﬂﬁ)’r 1 ERERNELE SIS
F/gl 4 j‘ng Y)E*qérﬁl-' EI/‘J DGGE élj:':% l@ ’ % Shannon- Table 2 Sludge sample bands and diversity index
Wiener Z # £ 45 %1 ( Magurran, 1988 ) A H = BEEGIE  AHE H BEHIE AWK H
\ s . Ny o 0 36 3.31 S 21 2.74
=Y plnp, BFFIAANESE (PR i A e i (7E ”
i=1 39 3.47 Hyo 25 2.23
é%ﬁ%%m%%Z%ntpﬂ?ljj‘ [:K’fﬁ”) ,ﬁﬁE‘tﬂﬁEﬁlﬁg H {E H 43 3.54 HB,, 26 3.01
SEOACHTTNE R 4 TR BESREE W o s n s s
. N ~ 5 . 20 .
S MMERE, WS (FACREE. RERBEAT . s e a0
COD fifiy FEITE IR A L3R S,
x3 SikERBLER
Table 3 Similarity matrix of sludge samples
0 S H Sa Hy HB,, Sio Hyo HB,, Ss H; HB;
0 100%
S 74.6% 100%
H 74.7% 84.9% 100%
Sao 45.6% 46.0% 43.9% 100%
H,, 45.3%  44.5%  39.4% 47.1% 100%
HB,, 49.0% 40.3% 39.3% 44.5% 82.1% 100%
Sio 43.7% 45.5% 46.0% 56.7% 33.2% 36.1% 100%
Hyo 54.1%  48.1% 49.3% 48.6% 48.1% 56.9% 53.8% 100%
HB,, 52.7% 49.1% 54.6% 50.5% 40.0%  46.2% 53.1% 73.0% 100%
Ss 44.2%  34.3%  32.3% 41.2%  30.5% 30.8% 44.3% 40.1% 41.4% 100%
H; 46.9% 44.4% 44.7% 42.4% 36.6%  47.9% 55.4% 62.6% 57.0% 48.8% 100%
HB; 46.2% 43.9% 40.2% 44.9% 44.9% 53.1% 52.0% 61.7% 58.3% 49.6% 84.7% 100%
%4 SBR 5 Hybrid [z R 32 M BE LR
Table 4 Microbial communities in SBR and hybrid reactor
BT I Hybrid SBIARAEPIRDL AR SBR SRR AR Bk L S
BAC I V5 U IR 18 o A 0 e W S
N 2035 ke SIS SORAIL RSP LD f;i?ﬁ*”g;@?
T WUEBIIE(47.1%)  RUEI/VESRS BEAR e

BRI
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sk 4
ST Hybrid [T R ZBUESPRE, AR SBR W ASHCEMIRS. AR
HN, = 0.33 kgekgled-' BRI U A B
N 035 gk gt HE BT RRA, B ORI EIRE, N 5N, =0.33 ke-ke 07 ORI
: VIR A B TP ORISR AT ML, RS e
AR fE /N (73% ) R
N, =038 keekg ldT BCEBIRIRED AR R 2 L @;ﬁgjﬂiﬁ

%5 Hybrid 5 SBR REZFEERE COD AT FUEMEEILER

Table 5 Microbial communities under different COD loads in SBR and Hybrid Reactors

(CGR7FH 2N

N, =0.33 kg-kg~'-d !

N, =0.35 kg-kg~'-d !

N, =0.38 kg-kg~'+d !

Hybrid

SBR

A I TR R AT Y TR R ( Ignataschineria
sp. ) , AU ( Sphingobacteria) | V& fit A
LY Bl ( Flavobacterium ) . 1545 =y
il FIB AT BE A (TM7) & BR A1
i ( Uncultured Bacteroidetes ) , 33 1 0 Jé
&85 Hybrid 2 95 b R & (103 2
HN, * = N RERECR 22, W (9 IR
AR AR T2 AL

Sl Ak BR B B ( Dechloromonas sp. ) |
NOB ( Nitrospira sp. . Pseudoxanthomonas
sp. . Rhodocyclaceae ) . JX T8 b 40 B
( Stenotrophomonas sp. ) , A # 2 1 it
B, NH; -N Fl TN ZBR0R Bl

HE W I R Y B B ( Ignatzschineria
sp. ), B ( Sphingobacteria) | A7
BTN ( Flavobacterium ) A=) gt Al
R RE B ( TMT ) | 3 B D S 4% AR TR
( Uncultured Bacteroidetes ) , ¥5 75 B B 7
(Runella) , 3 H BLH B Fh 2508 T BB
W, H AR R, RO SCR I T
N, =0.33 kg-kg~'-d "' T, AR FF
B AR

S AiE AL B % B ( Dechloromonas sp. ) .
NOB ( Nitrospira sp. | Pseudoxanthomonas
sp. . Rhodocyclaceae ) | JZ ¥ b 20
( Stenotrophomonas sp. ) , i H B 22 4R T
(' Filamentous ) % #: B ( Uncultured
BacteroidetesEU283384 ) , Jo I A B Fl s
HLAS AL B2 D, B B R 4, AR

A W) RS AT 1) T R ( Iignatzschine-
ria sp. ), Bt & ( Sphingobacteria ) |
[ A7 ML 1 b ( Flavobacterium ) .
SN R AR, O B R T
I, 18 B D8 1 2ok e 1) T e M
Yk e, AR TR BRBERCR

SCREALBR B B ( Dechloromonas sp. ) |
NOB ( Nitrospira sp. . Pseudoxanthomonas
sp. « Rhodocyclaceae ) . JZ fi§ 1t 4l
( Stenotrophomonas sp. ) , B HHELZZ AR
W ( Filamentous) [ T ( Uncultured
BacteroidetesEU283384 | Rhodocyclus |
Dechloromonas) , % oA s =N

2%

4 512 (Conclusions)

1) B IF TG Ie A I E G R 48 (Hybrid )
FYTE COD 1 fai M 0.35 kg-kg ™'~ d ™" I AEAS A e i
RIRBEVEIE T I , TP TN KBR300 96% .89% .
A COD fifi I, Hybrid T2 Ak 58 3R i 57 £ 48
%K 26. 8% , %F Y SBR T. 25 i F 125 (kR Ny
57.2% , X W] Hybrid T. 25X COD i faf (1) 45 {k .
AR P e

) BA RGP RIS LR EEAEH,
[vi] A IS ) i AL BTk LR 1. 66, Bt 25 A 4
X R AE AL FIBR B A 32 BEAE T, A= W B R A 5 e
() SR AL BTRR EE 2. 19, Bl BTk LL 3. 50, B8 51 ik
e 3.76.

NEERE T AEYRE SETTHCRESA
B KR, LA 0.35 kg-kg ™'~ d "B, LT Y
S BR B B R X B6dt Hybrid F2 W # 00 B o R 3] 3k
KK 96% , [a] B JBd 80T e 1 e AR = . ZE L T

BT A A5 T 8 TN B 2 28 A 0 B %) A W A AL 1
3 Fl COD ffif -0 T 1Y/ ME 73% , Ul B 7715
e A AE YRR A IR AA A — B I 22 55, R I
PAFEIVE R T RS AL BERCR.

REEEEN: AE(1963—), B i+, 8l #8%, £EZNE
e RHE AR AR, K0T R H BOAR T E R R
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