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H EAYTEERREKEREEL MFHEREERE EFHITRRLEAR, B RIFHEYE
S BEA R WHLHER , BERR TR S EH AL DIBENHEANE, BANHEAXEYRHRREYRET
BEREER, REZHEEUAFTREANRIAR . ARBHERAAE YIRS EARTR TR T #7K 405 3
THE, BREI: (1) TBRREAHT, NH,-N #4637 HRT 34 18 min Bf 5 KN 28.77% ; NO,-N L EFEE
7K F3 45 55 B [RI3E AN T34 00, 7€ HRT 2y 36 min T{LETIAEIR K, 2 67.20% ; COD £ FRZEFE HRT 4 36 min A%
5,353 6.56% ; B, RS T T H/KEERM pH A RHE T, (2) BSER m’/h&HT, 52K
Qb33 ZR e HRT FE 4 T30 s NH, -N # 4L 3 F0 NO,-N $4b 34 5 i HRT 25 9 min B 7. 54% F01 49. 30% 1%
#0%E| HRT 4 36 min B4 39. 03% 1 71. 78% ; COD = [ Z7E HRT Y 36 min BB &, N 6. 16% ;BB R
1 m’/h THLT /KIS EM pH BRA N, (3)BREN2 m’/h £ T, IEE/K AL IR 3t [ HRT FEH i1
s NH,-N # 4L 2501 NO,-N #4L 27 HRT 34 36 min At A B &5, 73514 27. 27% Fi 74. 92% ; COD R FFE
HRT % 9 min A} 85, 4 5.30% ;BB E N 2 m’/h £ T T KB M pH AR A N, (4) X LB
HESE THHTHER, SR EFABES THKGENRE T RBERA, BAKFER 1 m’/h B FES R
B,

KW AFFKIT) K FRERE; AR TR ACESR BIRA A YIRS
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Study on the water treatment efficiency of submerged
biological filter in the recirculating aquaculture system

WU Jia-min, SUN Da-chuan
( College of Aqua-life Science and Technology, Shanghai Fisheries University, Shanghai 200090, China)

Abstract; Biological filtering is the core technology in maintaining the regular running of the high density of
factory aquaculture. The proper .running filter will be effective in nitrification, which will be affected by
different working parameters. Although there are some reports on biological filtering, all lack the research on
the practical system directly. In this paper, the water treatment rates of submerged biological filter under
different conditions are compared. The results indicated that; (1) Without aeration, the best removal rate of

NH,-N is 28.77% when the HRT is 18min. The removal rates of NO,-N is increased with the decreased water
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flow rates, which reach the top efficiency, 67.20% , at the condition with 36 min HRT; The COD removal
rate reaches the top at the condition with 36 min HRT, which is 6.65% . Additionally, the DO and pH of
outlet water from the submerged biological filter at the conditions without aeration are lower obviously. (2)
Under the conditions with aeration of 1 m’/h, the water treatment efficiency also increased with the reducing of
the water influent. The removal rates of NH,-N and NO,-N are increased respectively from 7. 54% and
49.30% at 9min HRT to 39. 03% and 71. 78% at 36 min HRT. The best removal rate of COD reaches
6.16% when the HRT is 36 min. And under these conditions, the DO and pH of outlet water have somewhat
increased. (3) Under the conditions with aeration of 2 m*/h, the water treatment efficiency also increased
with the decreased water flow rates. The best removal rate of NH,-N and NO,-N are 27.27% and 74.92%
respectively which achieved at 36 min HRT. The removal rate of COD reaches the top when the HRT is 9min,
which is 5.30% , and the DO and pH of outlet water also have some increase at these conditions with 2 m’/h
aeration. (4) The results of comparison of the conditions without aeration to the conditions with aeration
indicate that the water treatment efficiency under conditions with aeration is superior to that without aeration,
and the treatment efficiency which achieved with 1 m’/h is relatively better than others.

Key words: recirculating aquaculture system; different working conditions; water treatment efficiency;

_submerged biological filter

TKALERE AR BAEIF /K 5758 Z 55 ( recirculating aquaculture system, RAS) fZ L AR Z—, H i, &Y
T IEE AR B FRAK AT NH,-N NO,-N EHZYFHEESE +o X0 ERY . BixTaEEE
Yy uE a8k AL T R IRE RS B Z N THEBIRE K BN 5, AT Mg s B0/ MRABT T, 4
KR GERERPETUEREREE YL THETT R EHE T HRZ #E, ARIERFERS
R FREBIT, WMEAT IR LSRR AE YR ER , RS, HEIKFRE R G K%
T REFTEREREEERKE, AL LIHA0E B Z IR el A BB A & MG KR8 R G DRt
& RS YIRSRTEN R THL T MK ERUR AT T WEHISY , AT B2 iR T s T R
HEARIE

S

L1 RGENA

ALK A _E KR R B L B 5T B i
ML E B =ik I A AL F FR A R IR IR K IR R
oo EHKFFERGE S 1 500 m*, 34 4 DF 3%
ARG, B THREREHFEERNY 250 m*, &5
IKALBRETTHY R R - A RS (R AR ER)
MBI IR B AR ER B R B L R SN

BRE, TZHRBALE L, BN THRERGRLES EEZET3
AHESEFTHORIR A YRS, R MR E LA 2,

FMERERN 3 o’ B AERA HEE W Bl RARsHEE

B 5%, KPR RS BT, SRR L bR Fig. 1 Layout of system

R 40% ,

1.2 FrEE&F R B W EH
ARG G AN E A7 £ (Scortum barcoo) ,JRFFH A 50 ind/m’ (A - HLMK LY 300 g /2
f)o REERNAKER 3% ~4%, FTRENAGE KSR FEKRFERLERTE6 ~8 mg/L, K
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4 BB RIRR KT AT B, f_r*

BERUKRE B /NI KIIF 4R RERE TR, LT
AT i K O BB hiE . BX
WATRS BR 1 RS 2 =1KF, KPR 1
KFEBRSEEH N 1 ’/h BR 2 K EBRIEEH
TE2 m’/h, 43 BIARIE R AO (aeration 0 m*/h) | Al

(aeration 1 m>/h) F1 A2 (aeration 2 m’/h) ; KK & f%fﬁ%ﬁgﬁ;f
S A 3 3 3 3

&7?121 i 7J(:‘Z,‘ﬁ’5']%z im /h\4\m {h\6 m’/h Fl ;gg;;fg,;{;/’ff g{,/
8 m’/h, AV IEAS A BAE FLBR T B X RK < <

F1= B atiE] (HRT) 4351 4 :36 min.18 min.12 min
LA 9 min; 48RS KT HIK 7 45 B8 B (B AT IE 28 1R
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. _ . ig.2 The main structure of the submerged
M #845A : NH,-N,NO,-N, COD, pH, DO Fli bead bio-filter reactor

B VE R TR A L R R AR, RA R ER A
FMER (A ETT T4 SR ERE 5S35 6 FrH)

F1 REPAETREET
Tab.1 The design of different working conditions in this experiment

. JKFE 2 m®/h KKE 4 m*/h K& 6 m*/h JK¥iE 8 m*/h

R (HRT =36 min) (HRT =18 min) (HRT =12 min) (HRT =9 min)
FCHRS, aeration 0 m>/h ( AQ) AO-H36 AO- H18 AO- H12 AQ- H9
H RS, aeration 1 m*>/h( Al) Al- H36 Al- H18 Al- Hi2 Al- H9
A B8, aeration 2 m*/h(A2) A2- H36 A2- H18 A2- H12 A2- H9

1.4 ke

NH,-N. ZKiRF 5, NO,-N. B4 - (BA b fay:, COD. ¥t S 4L R4 1, pH . Phep HIO8127 EIfR BF
1, D0 FIEEE . YSIS50A ZINEEREAL,
2 #HR

2.1 TR ARUKEERET 2B YIS H/KAEBRCR
TR ARIKFE R AT, BB A YRR KA BOR BinR J LR R 2,
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F2 TS FEKERZZXNEMRRKCELERIERENL
Tab.2 The water treatment efficiency and index change of submerged biological filter

under different conditions without aeration

TH NH,-N NO,-N CcoD H7k pH 7k DO
ZBER(%) EBRE(R) EHE(%) Bl & (mg/L)

AO-H9 21.96 +2.06 36.53 £2.41 2.75 +1.26 ~0.1 -1.61

A0 - HI2 16.47 £2.31 48.22 £0.35 4.85 +0.09 -0.1 -2.27

AO-H18 28.77 +4.60 49.73 £3.35 2.59 +1.28 -0.1 -2.35

A0-H36 12.83 +3.63 67.20 +0.09 6.56 £0.09 -0.2 -3.53

I EBREE = (K OWREE - K O¥REE) /#fK OWREE, i 0288 = ik O¥REE - Bk DR KEHCN 9

B A BRI AR S BRACR LB T 1R ), EA R A LT, B ERAE YR SR 9 NH,-N KRR 3
ALK, 7E AO- HI8 TH T AR ARFIEKRE, K 28.77% , A0-H36 TH T M EXBRER/ND, H
12.83% , NO,-N ¥4 =W E K S E Bt R w3 im, FH B M BEE; i A0-HO THTHIEH
36.53% HANE] A0-H36 T4 FHIFH 67.20% , COD HyF-H R FE A0-H36 F1 A0-H12 T F&E,
437K 6.56% F1 4.85% .

BT HAEHLEE, ABSE& TR T, BESSHA R, HKEEH T TR, K A0-H36 TH T
VR REEK, B3 3. 53 mg/LOH/KFEIHEE 6.34 mg/L, 7K 2. 81 mg/L), [FIAT, HK O pH HAH#R
BT M, Sk B H/N(A0-H36 T ) A, 7K pH Lh# /KR Z TR 0.2; R B/ TR H/K pH FTHEER
0.1 5%,

2.2 HFBRR ARKEFEEET , BEXAEDIES KRR
2.2.1 BSEAN1Im/h ELTRTEEXIEEBMKLEHR
BRSEN 1 m’/h & TH TR TR SR H 8 R A R LR 3,

£3 BS1w/hETRTFREXEWIRBKSELLERIBRETL
Tab.3 The water treatment efficiency and index change of submerged iological
filter under different conditions with 1 m*/h aeration

IR NH,-N NO,-N CoD H#7K pH 7k DO
EHRE(R) EBE(%) EBRE(%) e B (mg/L)
Al1-H9 7.54 +2.16 49.30 +2.66 3.91£0.30 0 -0.1
Al-H12 32.43 £3.76 56.48 +3.35 3.27 +0.38 -0.1 -0.4
Al-H18 35.3322.22 65.65 +4.61 4.14 £0.95 0.1 1.37
Al-H36 39.03 £4.38 71.78 +2.93 6.16 £0.98 0.1 1.63

e IR = (K VKB — ok IV ) /rk VKR , 3 T = ok VKB — 6k VB, AR 9

B B AR LR R AT LR EBSEN 1 m’/h £KHETF, BERXEYERBAERF TR
T HEREAL FE AR A BEOK T (B R IR T N B &%, NH,-N #4b3 H A1-H9 T F BFH
7.54% H#mB] A1-H36 T T BF3 39. 03% ;NO,-N #4bZl A1-H9 T T #F1 49. 30% 1 m %)
Al-H36 TH T HF 71.78% , AT LLE ), EBRAH T, R E YIRS NH,-N . NO,-N F1R4F 1Y
FABOR . COD KERZTE A1-H36 T F&&, H ¥ 6.16%,

FERSEGT A ARNBEERSHE THAREYEEINFE, FHKFEN TRETERMN,
FEEHKRBH TR, 7E/AVKRE TR T, /KA A M. KEE&R/DE(AL-H36 TH) , FHH
TKIEEIE I 1. 63 me/L(BEKIFE T4 4.22 mg/L, HHKA 5.85 mg/L) . [FET, FEE K& 599/
KA EE R, &K pH W igA G, B MEFEEAE 0 ~0. 1,

2.2.2 BSEN2 m/h ETRATRERIESRMKLERR
BRSEN 2 m’/h & TR TR IRA B R A R AR A B 2 4,
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Tab.4 The water quality changes of biological filter reactor under different conditions without aeration

‘ NH,-N NO,-N COoD oH DO
T8 K K K K K K K K K K
AO-HO 0. 645 0.514 0.179 0.115 7.34 7.13 7.2 7.1 6.69 5.08
(0.407 —0.846) (0.306-0.668) (0.108-0.216) (0.065-0.141) (6.12-8.56) (6.03 -8.19) (7.1-7.4) (7.0-7.3) (6.50-6.92) (4.73-5.76)
AQ—HD 0.30 0.30 0.178 0.002 7.63 7.2 7.2 7.1 6.8 3.7
(0.366 ~0.375) (0.297-0.320) (0.168 -0.189) (0.087-0.18B) (7.%4-7.72) (7.19-7.31) (1.2-7.2) (71.1-1.2) 6.2-6.04) (3.75-3.M)
0.532 0.317 0173 0.089 1.4 7.16 7.2 7.1 535 3.0
AG-HIB (0.407 -0.777) (0.304 -0.58) (0.14-0.241) (0.048-0.131) (6.3 -8.93) (576 -8.75) (6.8-7.4) (6.8-7.2) (C/) -6.57) (1.51 -4.40)
‘ 0.455 0.400 0.168 0.065 7.17 6.70 7.1 6.9 6.3 2.81
AQ-H3%6

(0.453 -0.457) (0.330-0.421) (0.157-0.1B) (0.047 -0.082) (7.07-7.21) (6.66-6.0) (7.1-7.1) (6.9-6.9) (6.32-6.35) (2.76-2.87)

*5 BRASIRATEARERHHKOSKEEROEZELER(L)
Tab.5 The water quality changes of biological filter reactor under different conditions with aeration(1)

NH,-N NO,-N CcoD pH DO

Lo K ik K HK K 7K K ik K K

ALHS 0.455 0.421 0.168 0.085 7.17 6.89 7.1 7.1 6.34 6.23
(0.453 —0.457) (0.407 —0.448) (0.167 —0.168) (0.076 -0.095) (7.15-7.18) (6.79-6.93) (7.1-7.1) (7.1-7.1) (6.32-6.35) (6.21 -6.26)

0.778 0.52% 0.216 0.0 8.56 8.28 7.1 7.0 6.57 6.17
Al-HL2 (0.709 -0.846) (0.444 —0.626) (0.208 ~0.219)(0.087 -0.099) (8.54-8.57) (8.2-8.31) (7.1-7.1) (7.0-7.0) (6.50-6.65) (6.15-6.20)

A1-His 0.83%6 0.52 0.241 0.083 8.93 8.56 6.8 6.9 4.2 5.60
(0.777 -0.896) (0.480 —0.604) (0.240 —0.241) (0.081 —0.085) (8.89-8.97) (8.51-8.59) (6.8-6.8) (6.9-6.9) (4.21 -4.27) (5.58-5.61)

AL 0.836 0.506 0.241 0.068 8.93 8.38 6.8 6.9 42 5.85

(0.777 —0.896)(0.453 —0.558) (0.240 -0.241) (0.066 -0.074) (8.93-8.93) (8.32-8.38) (6.8-6.8) (6.9-6.9) (4.20-4.27) (5.8 -5.8)

F6 BSASFIATEARMERFIHKOSKEERHELFTR(2)
Tab.6 The water quality changes of biological filter reactor under different conditions with aeration(2)

. NH,-N NO,-N CoD pH DO
#EK Hk K thk K HK K ok K HK
ALHS 0. 458 0.404 0.168 0.094 7.17 6.79 7.1 7.1 6.34 6.72
(0.453 -0.467) (0.402 -0.407) (0.167 —0.168)(0.093 —0.095) (7.11-7.20) (6.77-6.83) (7.1-7.1) (7.1-7.1) (6.32-6.35) (6.69 -6.77)
ALHL 0.370 0.320 0.17 0.090 7.8 7.35 72 7.3 6.03 6.67
(0.366 —0.375) (0.316 -0.325) (0.178 —0.179) (0.0890.091) (7.48-7.63) (7.17-7.44) (7.2-7.2) (1.3-7.3) (6.026.04) (6.65-6.69)
ALHIB 0.424 0.382 0.173 0.072 .12 6.86 7.3 7.3 7.08 7.06
(0.407 -0.444) (0.370 —0.393) (0.167 0. 177)(0.075 -0.069) (7.07-7.17) (6.63-6.98) (7.3-7.3) (7.3-7.3) (7.07-7.09) (7.05-7.06)
ALES 0.778 0.565 0.215 0.0 8.5 814 7.1 7.2 6.57 6.7

(0.709 -0.846) (0.521 ~0.613) (0.214 ~0.216)(0.053 ~0.054) (B.48-8.65) (8.11-8.17) (7.1-7.1) (7.2-7.2) (6.50-6.65) (6.76-6.82)
1 £ TR TSR ERES S Ik A REKEHEC 9, KPR E3 KBEN I AEE
2. SLERREF 25 £0.5 C

£7 BR2m/hELRATREREDERKCERERIGHRENL
Tab.7 The water treatment efficiency and index change of submerged biological filter

under different conditions with 2 m*/h aeration

5 NH,-N NO,-N CoD $i7k pH H#i7k DO
EBE(R) EBRE®) EBRE(%) TR A5 (mg/L)
A2-H9 11.91+1.55 43.94 £0.36 5.30£0 0 0.37
A2-HI2 13.50 + 0. 84 49.44 +0. 61 3.04£0.78 0.1 0.64
A2-H18 9.79£1.21 58.41:1.34 3.60 0. 39 0 0.03
A2-H36 27.27 +0.54 74.92 £0. 11 4.91+0 0.1 0.21

KB = (FRAWRE - HKOWRE) /#K OWE, MR = Bk O E - #HK OWRE, KBEE0 9

MR3 BRERIEN 2 o’'/h FTIT, BEE K 145 8B B 6] A5, NH,-N 25 BR3R Ao 2 38t
¥, % A2-H36 THL T ABKERE, N 27.27% . NO,-N EFRBEEK J1 45 & [ B340, i HRT &/
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Hy A2-H9 T/ F 43. 94% ## hn %] HRT & K T A2-H36 T /) 74. 92% , COD E£[R K7 A2-H9 F
A2-H36 T 8, 435I 5.30% F14.91%

B TR K FEEMAIE, L& TH T IRAS KA S AR B, s A &N 0. 64 mg/L,
pH FEEEFHHR 0 ~0.1,
2.3 EARLHATRESEYIEISKA aNH4-NZFRHE oNO2-NLRH =CODL MR

80. 00%

MR B 70. 00%

RRTE FRERA YR BRI 0 oo
LB 3, XS T FRER A YuEds kA ;‘gggzz
BRI E L3, K AR AH R RS (SRR 4544 20.00%
ek e gt a gk (m36) it kA o eoe e e M Be BLELE BB DnEn B
R R, NH,-N £ Al-H36 TH T AR KAE A8 Ro-iis AS1% TATHis AO-H36 Ao-H6
39.04% ;NO,-N £[RZF7E A2-H36 THTES, N N . -
74,920, COD KA EK WMo BRAAS LTI
13 B B[R] T 9 AO-H36 T, submerged biological filter under different conditions

FEARIK J745 B8 0 [B) B SFEAT Hh 3, & BB AN
WK FEEHRBESE 1 m*/h(Al) £ A, 7 H9 HI2 HI8 1 H36 £4 T ,Al S E THA NH,-N
EBRERA NO,-N LRI 7EH IR & B A= 7K.

B4 Yt COD KBRFRER TR T HE&AHA, KA H36 T 52 H COD XEkFEAM

RiEE 75 AO-H36 TI FABA(E6.56% .
3 e

AR B B BRI EARB I K 1T R G S MR, X FEEF A= rhk
TR G Z B AR A T AR 0L (1B R v R A 2585 ) BRI, A N SE 56 & AN K A
5 X MR A HE N TR E A YIRS A YIRS KA AR R . J4h, AR b SRTE A KA
BAR FEE R A IR T ) SR R AE K P Y BRI BURL , BN 1 2t S8 A8 I S YRR, A B 20T, &
B SEURPISRIA , AR AE VI IRAE TR AR AL X R AR A 7 B KA B R R T L B S R B R
Z— BTV AR KA B ST R 4P B SR AR B B R mh T, IR R IR AR R ais . B
B, FE R R A A 7 R GBI BT F1IETT b R A SE R EBUS BRI R4 A NG . A RIER
WAL= R G B TR BT , P LRE T RRTEIEF B IE O TR BN BREHATRERIE, £2
LR FHIEREM b AEPREF PRSI BE R KI5 B KRR WAL = REM BTz S

KRS A DR LR R R R A Y IR K S BRCR M R Z — R IR S I HA TR, i
REEFRAEBIBH SN, SRR E T BREE, K RE M i i w8 A B R 8L
UERRHEAK M 43T BN LA B, — AR ER AT K R A

IR RENEYERNZROHEY R, E TER O ERE FIFRE HEh AR FEH,
Sl R A RS INE WA B, BT X S M R B R T SR S M B A W ik as K B AR, R
I ENTREE LG BRI E ERGERZZN RGN, LY ik AEY R E e
IR R LIRE T UESK BRI E . ERABTHENHE, b TAEFEHEX RE
KRB , A2 )4 R 0 B A= YR A% B9 K AL BRAOR 5 MK RARXS RS BB B, AR W0 B b S A R B
KB H RSB RN RE =S AR BRI L,

P RABRSERE2 m’/h, XEAERE HIEET KA TRIBWRSIE, HFAANE—
EBRSEENERESKER B TESNHEL, BEHKERE, A VAN RHBRIESMHMAED R
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YERRIZET R ROKAL BB R RBEERRSE TABEMEREH— SRS, FRHEIE. BIRKETT
BATE R A FREFREESENEERER, MEEENFRITTETRAMLMEE , SREETHBE
R o
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