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Study on the water treatment efficiency of floating bead biological
filter under different working conditions
based on the recirculating aquaculture system

SUN Da-chuan, LUO Guo-zhi, TAN Hong-xin, ZHU Xue-bao, WU Jia-min, FENG Shi-liang
( Research Institute of Engineering-Aquaculture , 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 well 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 floating bead biological filter under different conditions are
compared. The results indicated that: (1) Without aeration, the nitrification efficiency of the floating bead
biological filter is increased along with the reducing of the water influent; The removal rates of NH,-N and NO; -N
are increased from 15. 87% and 23.84% at 8 m’/h influent to 38. 85% and 71.37% at 2 m’>/h influent
respectively; The best removal rate of COD is 10.33% when the influent reaches 4 m’/h; Additionally, without
aeration, the DO and pH of the outlet water from floating bead biological filter all have a little decrease. (2) Under
the conditions with aeration, the water treatment efficiency also increased along with the reducing of the water

influent; The removal rate of NHy-N and NO; -N are increased respectively from 6.45% and 51.45% at 8 m’/h
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influent to 32.67% and 93.36% at 2 m*/h influent; The best removal rate of COD reaches 12.20% when the
influent is 4 m>/h; The DO and pH of outlet water from the filter have some increase under these conditions with
aeration. (3) The comparison of the conditions without aeration to the conditions with aeration indicates that the
water treatment efficiency under conditions with aeration is superior to that without aeration. (4) The comparison of
the water treatment efficiency under all conditions shows that the 6 m®/h influent with aeration is the optimum
working condition for fish cultivation.

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

biological filter
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Tab.1 The design of different working conditions in this experiment

JKFAE B

» KIRE 2 m*/h(W2) KEE 4 n’/h(W4) KR 6 m’/h(W6) KIE 8 m*/h(W8)
BEAIE
JEBER, aeration 0 m*/h (AQ) A0-W2 AO-W4 AO-W6 A0-W8
A %S, aeration 2 m’/h(A) A-W2 A-W4 A-W6 A-W8

1.4 A5k
NH,-N: Z5FHE, NOy -N: ER-BA L 7%, COD: B 1 & 45 BR 81 1 , pH:: Phep HI 98127 FER E i1, DO
FNIEJE . YSISS0A ZIhEREHREAY o
2 4
2.1 ELXBRR ARKRELZET, FEAYEsS A KA FR R
TELXBRSEMT , & T KA R K i A e br A LF L ILEE 2,38 3.
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Tab.2 The water treatment efficiency and index change of floating bead biological
filter under different conditions without aeration
T NH;-N NO; -N oD HK pH 7K DO
B PR EBE R Gl A58 (mg/L)
AO-W8 15.87% 23.84% 3.54% ~-0.1 -0.8
AQ-W6 12.86% 25.45% 8.05% -0.1 -0.9
AO-W4 14.39% 47.87% 10.33% 0 -0.57
A0-W2 38.85% 71.37% 4.14% 0 -1.04
R L. RIUFEAR R = (K TR ~ K DOHeBE ) /K CWR B, t OHHr B = ok DR EE - HK DM,
2. P ERBRER RAE RS T H
®3 EBRSESITATRLKSDADOSKEERIELSER
Tab.3 The water quality changes of fluidized bed reactor under different conditions without aeration
Tm NH,-N(mg/L) NO; -N(mg/L) COD(mg/L)
kK HK kK Hk K Hk
AO-W8 0.381 0.320 0.096 0.074 6.93 6.69
(0.352~0.425) (0.293 ~0.357) (0.074~0.113) (0.055~0.050) (7.05~6.30) (5.94~7.18)
AO-W6 0.520 0.453 0.209 0.156 7.89 7.25
i (0.508 ~0.530) (0.448 ~0.457) (0.205~0.216) (0.150~0.167) (7.72~8.00) (7.24~7.26)
AO-W4 0.378 0.323 0.175 0.091 7.26 6.51
(0.375~0.380) (0.316~0.329)  (0.166~0.187) (0.087~0.09) (7.18~7.29)  (6.50~6.53)
A0-W2 0.836 0.508 0.241 0.069 8.93 8.56
(0.777~0.896) (0.466 ~0.549) (0.238~0.244) (0.067~0.072) (8.87~8.95) (8.51~8.69)
. H DO(mg/L)
TH P
ik Hk #Hk th7k
7.3 7.2 6.03 5.23
A0-W8 (7.3~7.4) (7.2~7.2) (5.23~6.83) (4.98~5.39)
7.1 7.0 5.51 4.61
A0-W6 (7.1~7.1) (7.0~7.0) (5.48~5.53) (4.59~4.64)
7.1 7.1 4.93 4.36
AO-W4 (7.1~7.1) (7.1~7.1) (4.84~5.02) (4.35~4.38)
6.8 6.8 4.23 3.19
A0-w2 (6.8~6.8) (6.8~6.8) (4.22~4.23) (3.16~3.22)
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H AO-W8 LAL T 1735 23.84 %38 %] AO-W2 T T HIFH 71.37% . COD RFRZEEAE A0-W4 TH T &
1%, 58¥1 10.33%,
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Tab.4 The water treatment efficiency and index change of floating bead biological

filter under different conditions with aeration

TH NH,-N NO; -N COoD Hk pH 7k DO
FERE ERE EhRE g A& (mg/L)
A-W8 6.45% 51.45% 4.06% 0.1 0.94
A-W6 22.30% 64.67% 6.36% 0.2 2.17
A-W4 11.65% 85.31% 12.20% 0.4 2.69
A-W2 32.67% 93.36% 5.15% 0.5 3.28

ol AR R R = K DHUE - K DIRED) K OWREE, H MR E = SR OWRE - BRI,
2. YL ERBREER R s P,

_ x5 FRSAFTATRAKEHKOEKRERHEZLER
Tab.5 The water quality changes of fluidized bed reactor under different conditions with aeration

TR NH,-N(mg/L) NO; -N(mg/L) COD{mg/L)
#k ik K K Bk Hk
e 0.396 0.371 0.095 0.046 6.87 6.84
(0.370~0.425) (0.348 ~0.407) (0.076 ~0.107) (0.038 ~0.052) (6.03~7.54)  (6.39~7.36)
. 0.523 0.406 0.212 0.075 8.05 7.54
(0.512~0.535) (0.384~0.421)  (0.209~0.214) (0.074~0.076) (7.82~8.19)  (7.44~7.63)
Awa 0.378 . 0.334 0.175 0.026 7.28 6.39
(0.375~0.380) (0.329~0.338) (0.166 ~0.187) (0.025~0.026) (7.24~17.36)  (6.24~6.70)
— 0.836 0.565 0.241 . 0.016 8.93 8.47
(0.777~0.896) (0.485~0.645)  (0.238~0.244) (0.015~0.018) (8.91~8.96)  (8.46~8.49)
H DO(mg/L
Im - P . (mg/)
HEK K K ik
AWE 7.3 7.4 6.24 7.18
) (7.3~7.4) (7.3~7.5) (5.70~7.01) (6.49~7.58)
v 7.1 7.3 5.48 7.65
(7.1~7.1) (7.3~7.3) (5.38~5.57) (7.63~7.67)
AwA 7.1 7.5 5.05 7.74
(7.1~7.1) (7.5~7.5) (5.03~5.07) (7.71~7.78)
AW2 6.8 7.3 4.22 7.51
(6.8~6.8) (7.3~7.3) (4.22~4.23) (7.50~7.51)
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93.36% , W] LAE ), EBRS AT, IR A YR 28 4 NH,-N.NO; -N A RIF R R, COD £k=H
£ A0-W4 TOL T &, BB 12.20%

FERALET AR HBEE AR R T RALEY A SN, B KR EE R m, 75—
ERSET ,HEHKREN TR, BKBEHENMER DIHER . KEER/NIT(A-W2 TH) , B HK
BEMEIRF] 3.29 me/L(FKIBEFEHN 4.22 mg/L, Bk N 7.51 mg/L), AT, Hi7k pH 48 DL In,
HEMBWREKRENB/NNE LA, &N (A-W2) B A I E B K,

2.3 TEAR T T EERSE YRR B KA PR Lok

AR LA TR AW I E K AL B R L L 3, &P TALT , NH,-N RRERE KR E W

W/NE ETHER, NH,-N LR/ A - W8 T, RA 6.45% ; ERRFRBR KR A0-W2 LHL, A%
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Tab.6 The one day’s wastes removal of floating bead biological filter under different conditions with aeration

TR NH;-N %£kk&®  (mg/d) NO; -N £BkE  (mg/d) COD £ E  (mg/d)
A-W8 12384x 98784y 77957
AWE 32112x . 93125y 91582
A-W4 11184x 81898y 117122
AW2 15682x 44813y 2472

T A TUHEAR KB R = AL x K R IEIRAIR I > B /MK R x 24 h

EREXNABAE LTI TR EYIESRTE - RIS R B A e, HEBRUR B, A-We UL
—RABTHEIREREHIM TS, S BYCRRILT HES LI, 2T A iR EK AL ET
Do

3 g

R HRN, FRRA YIRS TEIEI K IR LE " EA RIFHK B RicR . i R e s
2 93.36% , BT LR FEARIOKFIE R RSB MR, (8B K bS50 =SS RARE,
X BB B TR BAA 5 2 B B 2SR A P BRI L (B I vk R 25905 ) R, R NSk
I N NIERIK A S , KR I T R A Y I A % A4 W IR A K AL B O Ra e T, A=
L SRR & DB R UL , 33X S UL T LA IR AR R R B, ZER IMERR , X A ik
Ay KA AR R, BT LA, ZEAE 7 b, Byl as e A Son, DA 4R U84 R BRI BRRECR . 53 4h, Bk
AYuEAe P FHBIER 2 9 PVC /MR VAT AL AR W 1 AR I SRR RS | rhisk 7 (B4 A5, (BB Z
ZZ P IERE , B E K pH R ZUVE AL 15 00, 7R 18 % B A9 iR 0K 5 T — 26 U BT L O Ak W iR B g
v AR HURRH L R AR (b R e X 46 R 38 AT A2 32 7K IR pH BYZR AL T R 355 AR X ARUE M4k
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PERE, BT LATEAE ™ EXG PRPEPIRN L L 0 A Wy I A8 Bl 5 R A S W B B S A 7K AR BERBUR

WHARRMA FE—EWE N, AR HE DO T Mg, (B R Z B H R FF LR R Z, DO Bt
—E TR & BN AE AL AR A R PR E R o A 238 AR AR Rl K B 59 T ACBEAT LB, R IR R LA
NH-N EBRZCRBAR ERTRAILN, 5UE— 2 H LR R G R , X hnl fe R d = LK
IS AR TAEEARENBE R A, I 7K DO & 88 HKIEFR Y Bk B4l AR B30 5%

g REYIER — N E R R WA 5 S A 20 B R A T, — R B PR 2 A
T 2REMNNEDERN . RE A EIESS#K DO —REETE 4 mg/L LA L, {H i T AL AE Al #E
AR BRI SN, ER AR STE R — 2 R E S X, 2 DO < 2 mg/L &, DO Al LASA
AU A BRI PR 1, SOt R SR A B AR T RATFRO 4o TR, 2 0 BEE PR SR A A5 T8 R
FX AP NE I AATE AES o DRI , A LR P AR 0 A0 Bl R b 7 SRS A6 B B Ve
&, B YL RIR , S A B ENE R, OB B BRBE v LA — B AR B SR MR AL, A AL A PR BT #E 1
B AT B 4E R KR HY 5 OH - IREEAAXT P AT MVER . XA R WRIFE R R LW IEAS EHB1E
HIEOLT , AT E BN INBNE ) B, AN RELEFr R G TR TR /KM pH MR E MR B 2 —. 4~ b, U8
arti/K pHAEMZE S T KB B SE T REFER RN AR A £ 2k, (B RE g4
B BEER, — BRI R ERTEEZ A,

SE 30k
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