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4 ) 52 R I I 58 AL BB 0Kk 77 5 B B UK B PR T 5

EwA, BRH S, PEZY, AXH, B =, BWk

(1. LIRS K= SA MR, LI 2013065 2. /K= 3508 TR ARBIG O, B 2013065 3. 7K P= 5 ik
FE b LT PR A G, IR 201306)

 E: SR EY SRR N A PSS RITR 4R A B (MLSS, 1 500 mg/L.3 000 mg/L F1 5 000
mg/L) SN s XK TR R GE 7 8 B AR (GIFT Oreochromis niloticus ) F5H B /K AL IR . 45 R R P .
I 5 AL (TAN) L SIE A5 %80 (NO, -N) R 280 (NO; -N)) 17K 9 B 43 51 4 (0. 29 ~ 0. 39) mg/L, (0. 005 ~
0.006) mg/L . (7. 11 ~7.60) mg/L, 335 3 B 2 43 1] 7 82.20% ~ 86. 20% .98. 40% =+ 0. 89% .38. 40% ~
40.00% (P >0.05) AL G R (2.51 ~2.64)g/(m’ + d) ,0.56 ¢/(m’ - d) . (8.52~9.78)¢g/(m’ - d);
VEARYETCHLA (DIN) [ FBR% N 43.20% ~44.60% (AT LR G770 4 (10.25 ~11.61) g/ (m’ « d) . =41 %A
FHRTELESAEE 405 30.00% £1.32% 29.87% +0.67% 31.00% +0.75% ; MG I & &4 5
9.51% +£0.94% 4.37% +0.42% 3.65% =0.22% ,MLSS 1500 mg/L 415 Z & FHALBI 4 (P <0.05) . ik
VIREE S5 T R B R B 38 TP A W B AR R AR TE TR 1] (44. 66% (44, 51% 44.29% ) , HyR SZ4UFF TR 1]
(13.89% . 13. 98% . 14. 07% ) ; tit ¥ & J& L 45 Alishewanella . Blastocatella . Amaricoccus ., Rhodobacteraceae _
unclassified  Terrimonas Devosia 55 o 5256 3 W st AE ) 22358 I I 2% ELA B8C0T O RS8R, A B S8 B 4 1% K
BRI

FGER B  FFHE S NI AS  K T FEA 5 TR A VR T AR B 5 K Ab P

FESES: S969.1; S912 XHEFRERG: A

IKFEFRIE M R K T R T — RIIIREL MR . SCHNEIDER 25 () F 58 2 W] A1 & 1

)R, R i) 2 A vy 4 57 B i B R AR
TalRE, T 7 A R B SR R HEAE , 25 K BR B A
FRFEAS R I8 A M FE W o 7K 7 57 5 18 8 SR 1 4
JK A P8 7K 35 58 £ 5t ( Recirculating Aquaculture
System , RAS) 45 Jy i #5 hl JR UK BB HUZ,
oK T ZHFE R BRI, 5758 1 kg XFHREE
20 9T HOK, IRE 1 kg I HURZITHFE(2 ~ 10)
[Tk R IE

B IR IR AR AL BT A7 A= 3 ik
VNI N GEIAFR CEIAE S R 3R iR
(Biofloc Technology , BT ) 1| Fil 57 57 4 14 ) [F] L/
PG FRFEK VR B OB AT HLAY) 8 A AT L AL AL
RGN AR A XS S AR RE S i —
2 MRS H5 B PRI T, AT $ 3 8 97 1) s /Y

Wim B EA: 2016-04-22 f&E B HA: 2016-05-11

J IS T DA 25 7 AR e R pd ]
PR AT TE S ) PR 1 5 B BRIE S

A iz P 2 (Sequencing batch reactor,
SBR) A= ) 2R B SOy e iEA T sl , W58 AN [R) R
BRI B AR BE (Mixed liquid suspended solid,
MLSS) X RAS FREE /K AL BEACR FIA: W) 2208 57
LB A TR VR S5 AN RS2, B TE K R A R
K AL RS GEIR AR R 52

B ik
1.1 SKERE

SRR 3 AN AR IR 4 SBR AW 2R 5E
RN PSRN AE 1.2 m, 5 1.2 m, G TAER
BLL 000 Lo J b AL 2 SOEHE i, 1000 R

EEUHE: "+ =07 RS E &R TR PR (2012BAD25BO3 ) 5 b ¥ 7 BE 47 Z2 51 25 BT 0 I [ (14320501900,
13320502200 ;_E i T HRZE AL BRI R @B (PR B 7 (2014 )55 5 %)
EBE® T EH(1989—) , L LA A, WFFE 07 W A FRBUK PR IR . E-mail : w2008xy@ 126. com

BIEEE . 1839, E-mail ; hxtan@ shou. edu. cn
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1400 v/min, HEFE AR i b 2T A BORE B 4 25 <
A g A EAT SRR A, o0 S 5 7K A1 P
Feor, FER B T A

1200 mm
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Bl £MERREFREE
Fig.1 Diagram of the biofloc reactor

LSk 2 ke 30K

1. stirring apparatus; 2. discharge gate; 3. bottom valve

1.2 LI##

SER KA EE T K IR TR ROR
WO R —%& RAS 48, RAS f 6 4IE 3+
G (A2 m®) AR R A B AL
—MURALIRA P A (1 190 em x %5 100 em x /&
120 em) | — G 2R U8 XA P08 4 ( B4R 115
em 5 220 em) FEG O FE 2 R (R A FEAC A G RL
FARAT,PE) . RAS IS & P A (GIFT
Oreochromis niloticus) , ™MER & (27.17 +4.13) g,
W 34.05 kg/m’, DR R H AR 3 K, B
MR FAR T 1. 5% o ki B R f g A i
GAEH(981, 3#, M H S i EHA RA ], 8
BT R E 30, 0% , MR WG 4% , BLK 53
13% MAF4E 12% , /K453 10% , § &R 1. 25% ,
0.6% ~2.2%

FI R 2 A5 O i B SR R Ak, AR A
M AVE Y 81 MLSS 9. 77 o/ L, IR & W% K 1
RVEIE AU (MLVSS ) 8. 46 o/ L, AR ETE 4L
(SVI,)88.55 mL/g, ¥ K43 13.38% |
1.3 LRIt 5IET

SLEGEA 3 A SBR AW BBV AS , B
B g VE R — AL BRZH L 3 A S s T 5 0 S 4 Ao
BRI AE Y224 153 1307 L.512 L, i< 5 1)

37K ZE 1000 L, 2% MLSS 483135 1 500 me/
L.3 000 mg/L 15 000 mg/L,

SBR S i B JE S INF[R] Ry 12 b, B H 3B 17 2
A, BRIzt 280 35K 1 0.5 h
I (G4 ) 10,5 h PTRER 0.5 h 3 WAk
JKHA0.5 ho A JH B FEK 750 L, AR BUSS 6 L Oy
75% o VAR AR 0 B IR, 78 SN A R UKL | H
IKIG , 4% U il 1 A DL B/ il % T AL A (DOC/
DIN) KT 15 Aoz, & H 2 %, LURUER
R FR A B BRI . S 0 ] R R (T) Ry
(25 £1)C , B4 (DO) BHF1E (6 ~ 8) mg/L, pll
7.0 ~8.6, FLEIBTT 20 N
1.4 RWHZE
LAl JRBEHRFRIETT ik

F H 08:30 F1120:30 M\ S b7 i H B I R
SE B CTN) 70 KRRZR B0, B (0. 45 pum)
g5, W E DOC, & & (TAN) LA A (NO, -
N) A (NO; -N) . TAN 5 5% HI 44 [t ) ik
NO, -N & & HIEh MR %% & — i tb €44, NO; -N
5 SR N-(1-2838 ) - AN e L o O
K BT pH DO T i F] 2 2 %K o I £ X
(Multi 3430, % & WTW /2y @) il . DIN 2k
TAN NO, -N Fil NO; -N Z 1,

1.4.2 YRR S50 e Z RS

AW EIRL 0.22 pm JEBERIIE S, T VKR
1, 58 Bl SE N AEMBEARHCA IR AW, R
Hlumina /&y 0 5 55 AR 8 3 Misep I - 5 %
16S rRNA Kt [ 77 41 #F 47 43 Hro I J mothur
version v. 1.30. 1 4, 7 cutoff =0. 03 AH{L/KF
97% ZRAFT , MRAJE P AR LR , K-l IS R
Ak i 91 3 2y 22 A~ 4 4F 73 28 51T ( Operational
taxonomic unit, OUT) , i@ i 55 Silva J&E Hb %, X AR
i T A BEA T RS A A 28 A, LU B AR &R
(UNER iR AN E 2L
1.4.3  AEALFR PRI E 7 ik

TESER G 3 A JE T, DN SBR S #% P SR
PRI, R JE4% (10 wm ) 308, - 20 C
WAERFIN . 65 C TR 5, 433 I T4 22
UNTOR = W e [l ) Al = B |
Lowry 3 %2, ARG 5 00 5 2R P S0 -H e [
(A7) VOREE) =20 1 HhEA" R 2 i
gk 550 CHBE4 h Iz,
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886 A PN 25 %

1.5 EREFEFHERZE

TAN 1) £ B % (RRy,y ) . NO, -N 1y 25 B
(RRyii.) \NO; -N B £ BRZ (RRy;,,,. ) FI DIN F 2
FRAE(RR ) ARIE (1) ((2) (3) ((4) 35

RRyy = (Ci = ouuel)/c 1o X 100% (1)
RR ;o = (Ci = Coier) 7 Ciner X 100% (2)
RR e = (G =€)/ € X 100% (3)
RRyy = (Cii = Coer)/ Cirger X 100% (4)

TAN (AR L BR A ff (VR ) \NO, -N {4
FREBR AT (VR i ) NO5 N B AR FR 25 B 170 47
(VR i) 1 DIN YRR B 171 fiF (VR ) SR I
%;’“tﬁ) (6) .(7).(8) 5.

TA\ (Cnll_ ullt>/0 5 d (5)
VN11_<Clt_ tll)/OSd (6)
V Nitrate (C ullel)/o 5 d (7)
VRDIN - (Cin]ct - outlt)/o 5 d (8)

A Cmm%é% H SN A S b gk K o i Cumm%%
TR g KR, d 3R KA
1.6 HEHH

SEHLE ISR I Ml + AR EE (X = SD) %
7, 1 SPSS 17. 0 3 {2047 5 A R J7 22 53 #1 ( One-
way ANOVA) , 2422 J i 0} 5% F Duncan [G i #F
fT2m i, BE/KER P <0.05,

2 4

2.1 =XEWLEHR

B2 tha] DUE Y, 5256 #F 7K TAN ¥ B
NO,; -N ¥ JiE NO; -N ¥ BE 435K (0. 77 ~2.44)
mg/L.(0.06 ~0.39) mg/L.(9.08 ~53.44) mg/
Lo 3 41N # 7K TAN SR EEAS (L ARL , fi 4 K 3
41 H 7K TAN ¥ B2 B i B AIG, 565 4 K5 H 7K TAN
WEIATELE 0.2 mg/L if5, 1500 mg/L 2
2 287K TAN #¢ B2 I T 3 000 mg/L i1 5 000
mg/L 4,3 HERARE . REEITTHIH 3 4%
i 7K NO, -N ¥k B2 241G, A H B NO, -N 1y
SREL(E2b) . REkEZ G, Kt 3 4
K NO; -N ¥R BRI T B, 9 H/hF 10 mg/L( ]
2¢) , 7] BFT AT AR5 5Bk TAN F1 NO; -N,
2.2 TN 71 DIN g4 g 8

WA 3 s, SR A, R # 7K TN ¥ B
7 (11.08 ~ 56. 28 ) mg/L. #f /K DIN ¥k B

http: //www. shhydxxb. com

(10.84 ~53.71) mg/L, XV #% 3 41 H 7K TN 748
e —3, o EE 2R (P >0.05,8 3a) , 3
ZHH K DIN ¥ B2 B R £ 76 10 mg/L DLH (&
3b).
2.3 EBZEMERERAT

M 1 A LIE , BiE MLSS Wk B2 T, SO0
FXf TAN Z2BR3 (RRyy ) B N, 3 4 TAN
I RRyy\ 43 31K 86.20% + 3. 56% .85.20% +
3.11% f182.20% +4.15% , 4% 41 2 [ Jo ip. & 2%
SE(P >0.05), N4 xF NO; -N [ £ B %
(RRy,..) ¥ &, R N #% 3 41 NO, -N f§ %
RR i 55T 98% o NO; -N ) £ FRF (RRy,,,. )
DIN LBRZE(RR ) B TR ,3 000 mg/L 41 )2 )3
P IK RRy,.... RRy 4351 38.40% +0.78% .
43.20% +1.64% fKF 1 500 mg/L 4115 000
mg/ T 4L HI7K RR e RR 1y 3 AN A 22 1] 22 57
REZ(P>0.05),

M7 2 A LLAE S, 1 500 mg/L 21 .3 000 mg/L
F15 000 mg/L 41 Jz i #5 TAN & B L Bk 171 fif
(VR ) 58 5 (2,642 0.29) g/(m’ - d),
(2.60 £0.27)g/(m’ + d) F1(2.51 £0.29) g/ (m’

- d), RNLaE MLSS Y FH i, VR TR, Z4HZ

[ 225 A 2 (P >0.05) =41 [ 4 1Y H K
NO, -N By 4 B 2 R 174 ( VRy ) AH AL, 35 2R
(0.56 £0.08) g/ (m’ - d), JZR#*TH K NO; -
N AR R 2 BR 76T (VR gy ) F1 DIN AR FH 225 17
fif (VR ) 5 HZBRFEAL,3 000 mg/ L 2H [ i ¢
H K VR e VR B, 23514 (8. 52 £ 1. 14) o/
(m® - d) (10.25+0.77)g/(m’ - d), H VR i
FRTHABPILL(P <0.05) .
2.4 EYEEREFRER

FN#% A, R AR 1 BT ORLAR D UMLK 43 1
SrEE(DW) 1% 3 fiR. 1 500 mg/L 4.3 000
mg/L F1'5 000 mg/L 41 28 1A (15 % & 7 5 Ky
30.00% +1.32% 29.87% +0.67% 31.00% +
0.75% 3 HZ T ¥ 25 (P >0.05), Z{k
MRS E 3N 9.51% +0.94% 4.37% =+
0.42% 3.65% +0.22% ,MLSS 1 500 mg/L 41 i
FETHABPILL(P<0.05)
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A/ (mg/L) TAN

HE/ (wg/L) N
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57

0 2 4 6 8
FfTEl/d time
(a)

—_— iﬂ:ﬂ( inlet 0.50 ﬁzk inlet
*— 1500 mg/L 0.45] —e—1 500 mg/L
+— 3 000 mg/L 0,40l ——3 000 mg/L
—— 5 000 mg/L . . —+—5 000 mg/L

' 0.35

=

= 0.30

—

E" 0.25

< 0.20

B .15

=

= 0.10

0.05}

* ¥ 0 LS SONIPE =5 AUPZ SIPER VRS - S
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
FflAl/d time ffE)/d time
(a) (b)

54

53

52 —=— 3K inlet
= 51 ——1 500 mg/L
= ——3 000 mg/L
= ——5 000 mg/L
~ 504
—
~
b0
G
~
K
=

0 2 6 8 10 12 14 16 18 20

ffE]/d time

©

B2 SBRA¥EEKRMEF TAN (a) NO, -N (b) 1 NO; -N (c¢) By KR E
Fig.2 Total ammonia nitrogen ( TAN, a), nitrite (NO, -N, b) and nitrate (NO; -N, c) in the
experimental group,1 500 mg/L, 3 000 mg/L and 5 000 mg/L throughout the experiment period

—=— kK inlet
—e—1 500 mg/L
——3 000 mg/L
——5 000 mg/L

10 12 14 16 18 20

WYL HLE/ (mg/L) DIN

% —=— #E/K inlet
—e— 1 500 mg/L
54 —— 3 000 mg/L
—— 5 000 mg/L
53

10 12 14 16 18 20

0 2 4 6 8
FfE]/d time
(b)

B3 CIeHAiE TN(a) F0 DIN(b) KR B34
Fig.3 Concentration changes of TN (a) and DIN (b) throughout the experiment period
BHEF R ARSI (1 500 3 000 15 000 meg/L) =4~ A IME + Frfln 2,

Values are the means( + standard deviation) of the three replications in each experimental group, 1 500, 3 000 and 5 000 mg/L.
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TES N S

% R 5%

®1 KBHEARF MLSS A=75%F1 DIN FH KRR
Tab.1 The removal rate of TAN,NO, -N,

NOj -N and DIN (n=5)%
MLSS AR TEAH A ME ML
TAN NO;-N  NO;-N % DIN

1500 mg/L  86.20 +£3.56 98.40 £0.89 40.00 £1.15 44.60 £2.41
3000 mg/L 85.20 +3.11 98.40 £0.55 38.40 +0.78 43.20 =1.64
5000 mg/L 82.20 £4.15 98.40 +0.89 39.20 +1.69 43.80 +2.49

2.5 EMEREHREEHEMR
FEM BRI A4 SRR W, 1 500 mg/L 4

A 21 AFEIT,3 000 mg/L 41 F1 5 000 meg/L 41 4%
A2 WM. B E N IR E T
( Proteobacteria ) #14IAF #i | ] ( Bacteroidetes ) , — 3%
SERIAHXT B 2350 44. 66% 44.51% 44.29%
H113.89% 13.98% 14.07% . HAd AR XS 42 45
R FY TR [T IEA PERLE T ( Verrucomicrobia) | R AT
7 ( Acidobacteria) |3 %% & | ] ( Planctomycetes ) |
23 # 7] ( Chlorobi) itk 7 1] ( Actinobacteria ) , #H

XEEEART 1% BT 1558 Others™ (5] 4a) .

s | 500 mg/L
Bz 3 000 mg/L
E=—25 000 mg/L

-

b
§

Chlorobi
Actinobacteria [}
Cyanobacteria
Chloroflexi

SHA-109

Phylum levels

s 1 500 mg/L
B3R 3 000 mg/L
E===5 000 mg/L

12} 2] ~ « -] w o w
583 5588 $ 8T =82 €L
= O ] 5§ < & L 8§ 2 5 @
s} [ ST VI | < 3 &8 © S5
e S o 2 = < 8 3§58
~ S T~ &» S ~ g o= > 9
B ] 53 IS 5 T3 o
= N © O O [SEES IS ]
s} I £ % S S <~
o] AL M3 1) S5 o~ (]
3 o 2 (] s
= SR ‘-E, %E‘: 53]

N @

Q = g~

] <

© o

B «

: 3

< C

>y =

O >

[

Neisseriaceae unclassified
Actinobacteria unclassified

Sphingobacteriaceae unclassifed §¥
Sphingobacteriaccae unclassified B

(b) JB/KF Genus levels
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Fig.4 The bacterial community and abundance of bioflocs (a: at the phyium levels, b: at the genus levels).
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F2 ZWHEAR MLSS H=5%F DIN EHEREZR

Tab.2 The removal speed of TAN,NO, -N,NO; -N and DIN

(n=5)[g/(m’ - d)]

MLSS A IATEEY (B VAL TCHLAR
TAN NO; -N NO; -N DIN

1500 mg/L 2.64 £0.29 0.56 +0.08 9.78 +0.61 11.61 +0.61°

3000 mg/L 2.60 +0.27 0.56 +0.08 8.52+1.14 10.25 +0.77°

5000 mg/L 2.51£0.29 0.56 +£0.08 9.30£1.05 11.46 +0.85"

T A SR EA ] TR 22 5 2% (P <0.05)

Note: Values in the same row with different superscripts are significantly different (P <0.05)

x3I EVEFHNEFANSE
Tab.3 Nutritional quality of bioflocs
produced from sequencing batch reactors

(n=3)%
< HE B Gl HUR >
MLSS . L
protein crude lipid crude ash
1 500 mg/L 30.00 £1.32 9.51 +0.94> 12.99 £1.18
3 000 mg/L 29.87 £0.67 4.37 £0.42* 12.05 £0.41
5 000 mg/L 31.00 £0.75 3.65 +0.22* 11.85+0.79

IE 4b Jr7R B AR F AT 1% R A
I “Others” ,1 500 mg/L ZHAHN FE KT 1%
50} & 21 4, BB B N Alishewanella
(7.29% ) ;3 000 mg/L 4IAHXS F K TF 1% A 1#
J& 21 4, ¥ H )& Amaricoccus (8. 25%) |
Blastocatella(7.41% ) ; 5 000 mg/L 21 AHX} =K
F 1% W EJE 22 4, L # % J& Blastocatella
(7.12% ) F1 Alishewanella(6.22% ) . FHXT 3¢
BB B J& i B Rhodobacteraceae _ unclassified
(4.58% .4.85% .5.08% ) . Terrimonas (4. 27% .
5. 13% . 4. 74% ) . Devosia (4. 23% . 4. 81% .
4.53% ) . Rhodobacter (3.61% 4. 09% .3. 61% )
£
3 9he

3.1 RMZEMKLERR

A 2R Bk AR G A S AR, S 5 A A TR R
A AR K A i TAN R Bl , i TAN
W G R AIG: NH, + 1. 18 C,H,, 0, + HCO; +
2.06 0,—~C;H,0,N +6.06 H,0 +3.07 €O,
AVNIMELECH 25 [ fF 58 2 B« i A BERE , TAN ¥
EAE S h 2Nl 7 mg/L B % 1 mg/LM
AVNIMWLWXH #1 KOCHBA £ % FL¥S /il 1) TAN
O [ o AR R IR . ARSLTe SBR
R BER N A RAS B HE f0 SR 5 /K Hh TAN ¥k
FE(0.77 ~2.44)mg/L LFBRZE 0.2 mg/L 247, 3%
WU 1Y SBR A= ) 28 Bk I 4 T RAS %7
HFRH K TAN B R ERGCR

YAO S5 (55 3R] BFT ANAEA AL Bk NO, -
N, SCHNEIDER 4 i ff 7% 25 5 26 W . 24 9 7k
BRUSEE NI, REE P NO, -N [y LR,
HARGREAVES [}fiff 5% 3% W1 A= ) 22 5 R 48 h A7 1
ifE B4, NO, -N n[ 4L NO; -N, Bifi 5 # A=)
LUAFIA . ASLE b NO, -N #F 4 RRy,.
=T 98% , I H 7K NO, -N ¥k £ #{KF 0. 02
mg/L, 8] SBR A= 4 2Bk 0 45 XF NO, -N 784
U AR A BRI

SEFRAN AT LA A, o] LUF] i
RO A BV, FFFREY], 454 702 1 bR
(DOC > 150 mg/L) , A5 428 5k 2 Jof 245 R % ek 2
B NOs -NU S Sznb e, S gk DOC #e i
FEARFAEAE 30 mg/L, =41 H 7K DOC ¥ i /N T
10 mg/L; 7K NO; -N ¥ EE/NF 10 mg/L ([
2¢) , Ve EK I TAN \NO, -N F1 NO, -N [#[q]
HRBRIMA . BT REE, A IR B LK 6% 1Y
DIN 546 A HLA, I 5 57 240 B 0 Becks i 100%
g DIN #54¢ g L o T HL, 5 35 40 5 19 2R
K RA Y T [ 9540 5 A KO A0 10 1507 A
4 5N DIN 7840564k
3.2 RMNBHREBREMERERAS

WAL AR, 577 A Pk o AL R R i
W E A . SCHNEIDER 48 iy #ff 58 45 R B R IIA
U2 TAN,NO; -N [RIFEREDS R 4B A0 55 AL 1F R
PRI SEEGLH T B BONR AR, RO B
HREZR O P ARG K IR E K. L5
], SO #s %t NO, -N iy LBRFEE = (KT 98% ),
RERE BRI ER 43 19 TAN (82% ~ 86% ) FlHK 43 )
NO; -N(38% ~40% ) (3 1) , A& SE i Ak S
# FUGE TAN [ LBRA S, X4 NO; -N iy e pii /b,
ARSZHHENS A 2 22 % TAN #il NO; -N, AJ L3544
K [ 15 5% S SR A, A R T oK 7 FR 5
{5 AT RS2 K

ZHANG 55 (1) iif 5¢ 32 B 1 7K TAN ¥ B 100

http: //www. shhydxxb. com



890 (SR (T E NI S S 1 25 45

mg/L I TAN R LRl 75.8 ¢/(m’ -
)M TR IR TE B K TAN 9% 100 mg/
L,PCL PHB FI Glu [¥) TAN 1) {48 23 B 7 £ 43 51
$7(0.24 +0.03)g/(m® - h) . (0.18 +0.01) g/
(m’ - h) . (0.3220.02)g/(m® - h)"™ Aszih
i HE K TAN ¥k BE S (0. 77 ~2.44) mg/L, =4
SBR % Jif #& % TAN (1) 44 B 2 B 1 a5 43 51 A
(2.64 £0.29)g/(m’ - d) .(2.60 +0.27)g/(m’ -
d)FI(2.51 £0.29) g/ (m’ - d) , FikAmmwroEss
AL, =4 SBR[ g, B KA LIP3 LB
NO; -N %3 5/ (9. 78 £0. 61) g/(m’ - d).
(8.52+1.14)g/(m’ - d) . (9.30 £1.05)g/(m’ -
d), 5R T BFT [A#F ] LUA &0 5 B) NO; =N, %
S5 IG5k A 55 19 AF 58 NO, -N - 1 2 Bk 1 4
(2.64 £0.18)g/(m* « h) "™ | sz86%F NO; -N f1y
PRBLBR A (8.52 ~9.78) g/ (m” - d) KT FEK
fE R 7K NO; -N ¥R 50 mg/L B 1 NO; -N [ A
LB 1.48 ¢/(m’ - h) ' LU fHF5E R
LR DIN (1) 734 2B 1 4 4 (0. 41 £0.079) g/
(m® + d) " AR LI 45 RO v, g S Se e
7K DIN ¥ B2 BARA G

IR, & e BE /Y NOy -N X FR 58 X 4 7
AR B REFAE T, th &R BE /Y NO, -N (30 ~ 60
mg/ L) W2 5200 2 4% B R 4 Wb, % A
LR R R T SR R R M . B RAS 9
FEFER 2 BT R & & TAN,NO, -N |
NO, -N ¥, BT LA S briad 7 i # v A= W) s 4 1
TKH SRR, AL SBR s i v i 7K W B2 AR
A BESE S8 NO, -N Fl1 DIN (1) 25 [543 38 SR 41K 114 Ji2
o ASSEEGAE Sy i AU ASE, 78 3F K ARV B TAN
NO, -N . NO; -N . DIN {75 HA AR H 7K vk B A
BRI RRRE, R SBR W g AT AR T 1 52
B T fiE
3.3 EYEEHESR

CRAB [BIFE & B I 26 W 1) 2244 b i 1
i AR & iy 28% £3% \5.4% +
0.6% '), LUO %5 fyRF5% % W LKL & i
26.35% NS &R 1.69% Y AWFE AR
YIS AREE 5 8 30.00% +1.32% 29.87% =+
0.67% 31.00% +0.75% 51 ABFFESE FAHL;
RS &8 9.51% +0.94% 4.37% +0.42% .
3.65% +£0.22% ,JZ v %% 1 500 mg/L 4 i 25 F
HAMLH (P <0.05) , & TR AL R, £
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THRGAFAR T R YA 1 AR R DL
BB R I 7 2 e 5 6. 5% (6. 0% |
4.5% 0 SR IE LS B HL, AR 905 MLSS
1 500 mg/T. I} 22 AARLIR D5 25 5 AR X0y, e 2
REHA TR, BA B RSN

AR, AT DLAE S VB A 1) ) Ak A
EEs AR EANEEAR . FE L S
PR RE S Ae i 40 B 7 5 R0 45 b A2 W T PRI &
YIS B 8 IR Y I, 38 R AT T A T
AN S e S W& T RE o BT N BT 58 & B AR W)
ZRAR I AR A e 114 2 1 Tl R R A T ) O
DR T AL AR FH 3, AR 9286 SBR
A W) 2R B S e K SR B IR K B A A 3R R T
FRUCR FH AR ) 2R AR X K e PR 58 A 3 AL 9 7K 7
FRIF HAT B
3.4 EMRENEEZHEESW

ZHAO S5 Y JgAr A Wy SR B AR BT 5% H A
FEXTHR ( Marsupeneus japonicus ) F25H 11 F2 W A= M) 22
VRAYTEHEAL 3, K I Proteobacteria 52 224 b H A
PG XL 43.89% +4. 42% , REAEF T Hb e
F|IRFAKT T o LA, Proteobacteria ¥R JZ Y8 1715
KAEBE RGP R IL BT, A T 35% A2
B AR GE R, Proteobacteria T ] A Xt 3 BE
47.77% ~50.50% , 5 Hf NRIWFIE 25 R/ — 2. M
KMWFFER B Bacteroidetes 2 — AL RE 5+ 37 141, fiE
g KA 52 2 A LY, 5F BAT B 10 R W) R
B S PSR MR R % g
Bacteroidetes g 7% S 3 (1 YA T, ARR 32 B2 Oy
11.09% ~20. 86% ,1ZWF3T 45 5 32 0 Bacteroidetes
H AT REAFTEIE AL BRI G T

Blastocatella & Acidobacteria Y[, % 2% [ A
PR, iR e i, LR 32 B B e A LR
KRBT NS T, s g
4& 3 000 mg/L 41 A1 5 000 mg/L 1L 45 o
Amaricoccus & 3 000 mg/L 41 W) 1L 3 & )&,
AULENTA #8F5% 45 52 5 B Amaricoccus J& T o-
Proteobacteria [ ], 7E IR S 45 11 T GE % K i 5 il
BRIRICAZH) Bt (PHB) | B A T5 /K e i A HLA
Rhodobacteraceae }j a-Proteobacteria [ ] 5 3% 4H
AETG 7K AR Ab B X RS e A B R
BRAE P, Devosia g S 37 1 48 R 4 2% G B 4k
3 3 R R K A TAN W %
WFFEAE R 5 A5 Wy 22 BB 3 %5 I 541 F
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T AR | Rk 2 BR KR B TE AL A Ak K i
PLEE—ZL,

Alishewanell & F ~y-Proteobacteria &[], 4% %
PR B TR, 2 S Ak 2 Sk S i s o 1 P 3 v
RERS A ] 2 il s ¥ 32 1 25 B 35 7K b # NO; -
N AR Sz 8 o Alishewanella 2 1 500 mg/L 2
F1'5 000 mg/L LA R 7551, F 52 K W
Terrimonas J@& T Bacteroidetes &[], LIS ) ik
fiE 112 1l Rhodobacter Jy Mk PR AN , 5 £ )
BRPIE A O, TEDR A AT RE AT S s AL A
AP LT 2 A st 0 0 I 4 A DI 3
W R rb AR ) 22 8 B v AT RE [R] I A7 7R
S AR S R AF AL 2 , Rhodobacter {2 i/t
THEWEREIE R, BT R RS SO0 g5 2
A B ERCR .

4 Z5g

s R N 2 BB A5 A ANk [R] 25 A B RAS B
IRFEIE K TP ) TAN (NO, -N FI NO; -N, fZ 5L i)
fitifk 52 1 78 Kk 22 H% TAN i1 NO, -N [y LB A
R AT AT LA 29— 58 1Y 1A 50 H 37 58
A ER TS AT AR . SO g B A ) 2K
F Ly Proteobacteria [ | ] fll Bacteroidetes [ J4H
e, B H B L Alishewanella | Blastocatella .

Amaricoccus .,  Rhodobacteraceae unclassified .

Terrimonas . Devosia % , 25103 % B AH B AE FI{E )
IoE it B I (R LA S5 At e T AR BRI
WP EREA RS EERARE,
BITE 30% 7247, 1 500 mg/L 20 24K A 1D & it
H9.51% £0.94% , .3 & T HALPIA, A9 &
g T EE R, R Bz AR W) 25E RN s A
ASCAT ARSI b v Ak 52 58 7K 5T, k20 PR A 75 %, i
AR 7K P FR AR K B B IR A
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Pilot-scale study on sequencing batch reactor to treat aquaculture wastewater
by biofloc technology

WANG Xiaoyong'”, TAN Hongxin'*?, LUO Guozhi'*”*, LIU Wenchang'*, PANG Yun', CHENG Limei'
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai Aquacultural
Engneering Research Center, Shanghai 201306, China; 3. Shanghai Collaborative Innovation Center for Aquatic Animal Genetics
and Breeding, Shanghai 201306, China)

Abstract: Three pilot sequencing batch reactors (SBRs) were employed to treat aquaculture wastewater from
a recirculating aquaculture system ( RAS) stocking GIFT Oreochromis niloticus using biofloc technology
(BFT) , under three designed MLSS (1 500 mg/L, 3 000 mg/L, 5 000 mg/L). The results showed that, the
effluent concentrations of ammonia (TAN) , nitrate (NO, -N) and nitrate (NO, -N) in SBRs were (0.29 -
0.39) mg/L, (0.005-0.006) mg/L, and (7.11 =7.60) mg/L, respectively; these average removal rates
were 82.20% —86.20% , 98.40% , and 38.40% —40.00% , respectively (P >0.05) ; the volume removal
loads were (2.51 =2.64) g/(m’ + d), (0.56 £0.08) g/(m’ - d), and (8.52-9.78) ¢/(m’ + d);
meanwhile, the removal rates and volume removal loads of solubility inorganic nitrogen ( DIN) were
43.20% -44.60% , (10.25 —-11.61) g/(m’ - d). However, the protein contents of flocs from SBRs
showed no significant differences among the three groups, as 30.00% +1.32% , 29.87% +0.67% , and
31.00% =0.75% , respectively. The crude lipid contents were detected at 9. 51% +0.94% , 4.37% =+
0.42% , and 3.65% +0.22% , and the crude ash content in 1 500 mg/L group is significantly higher than
those in the other two groups (P <0.05). Besides, analysis of high-throughput sequencing revealed that
Proteobacteria accounted for the most phyla of bioflocs in SBRs (44.66% , 44.51% , 44.29% ) , followed by
Bacteroidetes ( 13. 89% , 13. 98% , 14.07% ); at the genus levels, Alishewanella, Blastocatella,
Amaricoccus, Rhodobacteraceae _unclassified, Terrimonas and Devosia were identified to be the dominant
genera. All the results suggest that the pilot SBRs have good effects on nitrogen removal, and will contribute
to realizing the resource utilization of aquaculture wastewater.

Key words: biofloc technology; sequencing batch reactor; aquaculture; mixed liquid suspended solid ; water

treatment

http: //www. shhydxxb. com



