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1.1 SE&5EH#NEE

DA W LR A E e o B 42, F T g
AR EAME B ILER 1o FEASR] B b i) o B
R (ODy, £ 0.8 ~1.0) £5 5 1 mL (&5 (AR LL) $57h
T 50 mL Ak AL B SR TR PR R B AR
(37 1,200 r/min) 5% 48 h, 8 000 r/min .0 10
min AR IR, F1 0. 9% i) AE FEER K FR R 2 IR,
INTEHE/K 5 23R 1R 75 %5 ( Vortex Genius 3,1KA)
e pi)a (0D 1 0.8 ~ 1. 0) 1N B A W HER R .

*1 HESGHBENEMER
Tab.1 Information about the multiple bacteria
used in the study

A BRI Y A 2R
denitrifier the dissimilation type of metabolism
AR FEME IR 4 7
Enterobacter aerogenes facultative anaerobic type
KA R FPEIR A A
Aquabacterium sp. facultative anaerobic type
Cigana)e b A

Flavobacterium sp. aerobic type

1.2 REEE

A Wi A SN g R AT LB S, B Rk
DX S XA K X, 7K X A5 B 0z DX 2 1) B A
Bt (& 1) o i 160 em, ¥ 26 cm, Bk
RHIE, AMAEMRA N 85 Lo I 4aA 4
A TARRIC, B TAR ST SRR, R

Bl RER=#NE
a. SRALEN AR (ES) 5 b 0 BUROMAR (CS) .

Fig.1 Three orthographic views of reactor

a. Enhanced biological treatment system( ES) ; b. Control system(CS).
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1.3 SEREFEERERRE
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YIBIE . Z 5 , OB ZEA HMEE 513800 A g
3 R TR UG PR 5 56 % /K 2R AT oh o, B IS 1 AT
IFRH IR K AT AWK B A
1.4 [ Rz8git | H 7KK BT il 43 4

IS FH /K 77 R 22 7K™ FR BB A N 27 A= 51
2] BE b A I PR R FE K A (CHLA5 TUK BT R bR 51 T
#2) . KIEAGRNHE (RE 22 4%, YZ151X) i
MK A NHEK B . ROt | K
7K 5t 0 4 AR A4 4% WT  pH DO ,COD,,, \ TN |
TP NH; -N, NO; -N, NO; -N %, FL{f il 7 Jr
B WTL DO R A4 5 i 4L (YSIS5,
USA) ; pH % fi] Mettler Toledo FiveEasy pH if;
COD,, M1 56 2 4§ 5% (GB 11892 - 89)
TN SRR BRS04 524153 Y 5 GB
11894 - 89) ; TP R J 4H IR % 73 ' O i ¥ (GB
11893 —89) ; NH, -N .NO; -N . NO; -N % i 4 [
3y [E] Wi Ak 27 53 T4 ( Smart Chem 2000) .
1.5 KAEERFEXT MBS K BRI RN

JK J1 45 B8 B} [a] ( hydraulic retention time,
HRT) 248 AL B T5 /K T8 R s P 8 - 25745 B hf
li], BV 7K 55 A ) I s PR A 0 1 T 10 - 28 i
], HAF g HRT = V/Q, X rf V g R ds A &%
ZBUm®) , 0 N RN Ak K& (m®/h)
TEAIF B HRT S04 % 42 1 B i e Ak 7K 5 i
ORI

7K 5 B s ] 308 3 R S K i 20 A ) B R
SEPL, iR 53 A AE HRT 24 1.6.,12 .18 .24 h #yiafT
M TS REBAT 3 d, N IR SR, SR AT ] ER
PEBE(IRE 2 h) B IR KRy 28 CAEf
TR Ik B AL 3 s nvy e it 7K A 25 UK B

Tab.2 The water characteristics of recirculating
aquacultural wastewater

JKJFFEH5 water quality indices ME{E value

pH 6.73 ~7.18
7K & (°C) water temperature( WT) 15.21 ~23.16
#ifA (mg/L) DO 3.65~4.73
HAZA (mg/L) NH; -N 3.34 ~4.21
AZA (mg/L) NO; -N 0.35~0.52
THASZA (mg/L) (NO, -N) 0.050 2 ~0.059 5
MA (mg/L) TN 4.08 ~6.11

B (mg/L) TP 2.56 ~3.67

G PR ERF8 8 (mg/L) CODy, 21.57 ~24.87

IRk 7R B 2010 4F 4 ] 14 H £ 2010 4E 6 ] 10 H Jo[a] K
B A BRSOk B T 3 AN AT ARRE ISR I (B

Notes: The data was collected from 2020-04-14 —2010-06-10 without
interruption, All analytical value are reported as an average of three

independent measurements.

KR XS 2B 28 L K R R B9 82 I

JR e 7K U T I R e S B, 1K 533
TEWT 15 .20.25 .30 .35 37 CHIiBIT R T 55
FEIBAT 3 d, PR UEHE AR, R ) B I < (]
B 2 h) R K f5 R I E] 0 12 b AR
Xof HEFAL B 1o g 14 HH 7K ) & TIUK B b
1.7 SEURNSFETHEEYE EATERME
MBETN

J g EXGs AT, AR E AT B R
A RS R B R A RO A T I, SRAE 1]
Bl 5 do KA P IBARE A A TS AR RS R A T
T RO LT BRI T A A A T A S A
LA BT H B WA )G BT 37 CREFRAR
o AEREESR 24 h, TR LT SO A T B
F% 72 h, ZE AL AN AR AL A R A5 R SR 14 d ST
BoPir Bk, Hd AR HE R e R
B HERBR R A B T 5 15 70 0, R R
ZIHNRREFREL, ZUE AL A T A T A T A S Ak 4
I BT R 3 e 92 =
1.8 HiEsE

it oy TS AR AL FEYE SPSS 18.0 Giit- 4k ff
R HEAT AN R A B ] AR AR RS AT BRI R Oy 22
4381 (One-Way ANOVA) , 4R 5347 Duncan [G£
FILE,

2 RS0

SR gnzid 6 JH A IR, 2k a2
S BL T PR AT DL A I TR A R
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15F
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ST 6 12 18 24
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effluent of CS

removal rate of TN

WRHERER A / (mg /L)

2 HRT 3} COD,,, EBR RN
LR FORARUERE ; Rl — K T 45 B i) R, AN [l B R 22 53 1.
#(P<0.05),
Fig.2 The effect of HRT on removal rate of COD,,,

Bars indicate SD. Letters indicate the differences between groups
within same HRT Means not sharing a common letter are

significantly different( P <0.05).
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—k— ZBRFE removal tate

Rk R NS KO effluent of ES
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8
. 15
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D
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C
0.04
z
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ON C
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c a
a
a  C b
L7 20 £
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3 HRT 3 & Rz 28 LB IR 57 TE B 7K BUR AR50
LR BTN RMEE 5 [ — K Iy 45 B I )R R [R)  BE R 22 5 35 (P <0..05)

Fig.3 The effect of HRT on reactor purification of recirculating aquacultural wastewater

Bars indicate SD. Letters indicate the differences between groups within same HRT. Means not sharing a common letter are significantly

different( P <0.05).
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3-C.D) . fif ¥ 3% JH & /K K 1k B9 NO; -N #I
NO, -NEH ¥ ok 0.4 mg/L 1 0. 007 5 mg/L
LA, G v Ak SN A A PR S 1 R 43 R
0.98 mg/L f10.02 mg/L Z A7, ¥4 HRT
18 h i), 7K FK AR NO, -N I NO, -N ¥
KB EE (L. 24 mg/L F1 0. 04 mg/L) , ix FHH
24 HRT Jy 18 h i, 2 8 ALl R Ak F i PR B, %
JKHICER 43 NH, -N R B il 10 40 B ok 4% 16k
NO, -N #I NO, -N,
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18.11% .33.27% 40.28% 1 44.71% ., 4 WT
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A5 1024 WT b+ 25 ~ 37 CH}, COD, 1 F-3 2%
Brh 40% 47, W LA i, WT Xf CODy, 1)
ZBRAE— N R S A S TR
f&# CODy, Y LERAE

WT st Bt & 2R 8 %5 vh IR, WT
Xof 5 Ak B I i e A 2 8 RO 1 WAl AR K Bl
WT 7} 5, TN F1 NH, -N [ 25 5 %t fifi 2 T)
= (B 5-A B) A WT it 30 CJ5, TN 1) 2
PRABIGIE A PR 2, AR, NH, -N 19 25 BR R 40
EWT il 30 ClAFTHEERA T REME
B, wRAL KON A% kK KR NOy -N Al
NO, -N ¥ B — FL AL F A0 X F2 2 A9 R 45 (0. 53
mg/L F10.05 mg/L) . fH1F—3RAE Y WT 7
30 CH, 7K 1 NO; -N I NO, -N ¥ fiF ik 31| %

B {H (0. 80 mg/L f10.09 mg/L) , ifi % HE 41 H
K EK AR NO, -N il NO, -N ¥ ff H 2= n] LU Z
i AT (& 5-C.D) o

RM2E3EK T influent

W RNE KD  effluent of CS

ik R N ES K O effluent of ES 7
9g I —*— EBRZE removal tate (4().28%1.//*
*

o~
o]

»
,
=
(=

(33.21%) 4

R
= i)
CODwEREE / %
removal rate of CODy

HRRRETE# / (mg /L)

i
.

7

(=

4 WT 3§ COD,,, KB REIF M
WELR FRARMER W R AR FRFRERBEF (P <
0.05) ,
Fig.4 The effect of WT on removal rate of COD,,,

Bars indicate SD. Letters indicate the differences between groups
within same water temperature. Means not sharing a common

letter are significantly different( P <0.05).
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N 28K BT n , 25 Wide bn 2l 48 SO KB e 3k
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SR SN AL B S KA P TS Y AR B
F%,COD,,, \ TN K& NH, -N )73 Bk 2 5 5l &
K 44.18% 51.31% % 82.08% , H: 45 5 i 43 3
ik 58.20% .65.12% K 86.16% . H& 7 0 LLE
i ,COD,,, 1 TN ) 2 [ # Fifi 5 3 7K W B 38 0 i
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Fig.6 Analysis of significant differences between HRT and WT within removal rate of COD,,;, ,TN and NH, -N

gk
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0.05). Means not sharing a capital letter are highly significantly different( P <0.01).
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Tab.3 Average removal rate of COD,;, ,TN and
NH, -N in the effluent of each system

FERERIEE(%) BE(%) HEA(%)
CODy, TN NH; -N
WALIZ R4S ES 44.18 +£6.38 51.31 £10.84 82.08 4. 00

8.04 £5.62 11.56 £4.57 13.34 £5.23

Xt IR S s CS
T BRSS9 £ 4RfEZE (SD) " R

Notes : Results are presented as the mean =+ standard deviation( SD) .
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Fig.7 Influent and effluent water quality indices of ES and CS
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Purifying effects of enhanced bioreactor on the wastewater in
recirculating aquaculture systems

QIAN Wei', LU Kai-hong'* , ZHENG Zhong-ming' , LV Zhen-mei’*, XIE Li-feng' , ZHANG Ke-xin'
(1. Key Laboratory of Applied Marine Biotechnology ,Ministry of Education ,Ningbo University ,Ningbo 315211, China;
2. College of Life Sciences ,Zhejiang University , Hangzhou 310029, China)

Abstract: An enhanced bioreactor was designed according to the highly effective interception principle of
biofilm in recirculating aquaculture systems( RAS) by inoculating nitrifying and denitrifying bacteria to the
elastic fiber carriers on which biofilms could be observed in situ 6 weeks after inoculating. The impact of
hydraulic retention time ( HRT ) and water temperature ( WT ) on the purifying effects of enhanced bioreactor
on wastewater of RAS was investigated. The result showed that HRT and WT significantly impacted the
purifying effect of the bioreactor on wastewater( P <0. 05) . After analysis of significant differences between
HRT and WT within removal rate of COD,,,, TN and NH, -N, and considering run-time , cost and operational
easiness of bioreactor, it was concluded that 18 h of HRT and 30 C were the best operating conditions. The
bioreactor was operated stably for 25 days under these conditions,the average removal rate of COD,,, , TN
and NH, -N reached 44.18% ,51.31% and 82.08% ,respectively. In addition , the cultivable microorganisms
in the biofilm of the enhanced bioreactor were detected regularly throughout the 25 days of experimental
time. As the biofilm developed,the biomass of all kinds of cultivable microorganisms rose ,average levels of
nitrifying bacteria grew from 35.91 x 10" CFU/mg to 89. 43 x 10" CFU/mg, nitroso-bacteria from 25. 75 x
10" CFU/mg to 61.65 x10* CFU/mg and denitrifying bacteria from 14. 23 x 10* CFU/mg to 100. 95 x 10"
CFU/mg. Nitrifying and nitroso-bacteria dominated among cultivable microorganisms(59.95% —81.25% ).
Denitrifying bacteria were constantly adsorbed, colonized and successfully reproduced on the surface of
elastic fiber carriers, which made biofilms more mature and stable ( the removal rate of TN and NH, -N
reached respectively 51. 31% and 82. 08% ). The results of present study revealed that the enhanced
bioreactor plays an important role in the removal of COD,,, ,TN and NH, -N in wastewater of RAS.

Key words: bioreactor; microorganism carrier; hydraulic retention time( HRT) ; water temperature
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