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Fig.1 Flow chart of the ecological engineering
recirculating pond aquaculture system
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Fig.2 Layout of the ecologica engineering recirculating
aquaculture system
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Tablel Design parameters of the ecological engineering
aquaculture system
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W A 1500 m? IS R 10%
A A YE AR 2500 m? A0 %)% 0.20~0.82 kg/m®
ARV 500 m? K >10%
PRI A 15000 m?
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50 m [FEVFAEIX , HE A 100 m FIAEIIAT X, HEK
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Fig.3 Ichnography of the ecological floating bed
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FH b s S iy, A 2 500 m? (5% 40 m, K
62.5 M) VKT 74510k 30 m FIAEA R IX FT 22 m
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Fig.4 Cross-section draw of the ecologica pond
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Fig5 Cross-section draw of the subsurface flow constructed wetland
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Table2 Design parameters of the subsurface flow constructed wetland
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g _ BOD 80~ As JIR AL T AL, mP Q MIBHUEAKIR R, m® Co ibKYS RMIKIE, kg/m’ ALR
KM AT ALR = (Q)(Co)/As 120 kg/(hn? - d) RS, kgl(hm? - d)
RYRIE h 40~80m
K L= (As)/(W) 20~40m L B E, m; W OBIBHbSERE, m
KFEH L/w (1~3):1

1.6 IEEKILHE

TR K I R LRI FR AL 3 A, a5 A
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Fig.6 Schematic diagram of the ponds water flow facilities
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Fig.7 Total nitrogen and total phosphorous of the recirculating
aquaculture ponds
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Fig.8 Chemica oxygen demand and ammonia nitric of the
recirculating aguaculture ponds
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Fig.9 Changes of the water quality index in the recirculating
aquaculture system

TR R S (B TR K R R A A A
THASE BA. B, CODw, S5 AT fihr 70 KT 1.89,
0.20. 1.50. 3.27. 0.59. 9.0 mg/L, KT 5% itk i A
BRI TR A bR U .

2.3 EEIRLEHEIELIER
2.3.1 AR

WU Hh 2 A A AR AL TR R G B O
gy, K 3 ZFRIHISAT W RR . KK . pH
fH. %5 (DO, FAIE AL (ORP) ARG HL. W&
3EH, A I AV Rtk K R ) 3R BEAR AN K,
W IV VAL T ) A A P R S AN K

F 3 BTt K R IERR
Table3 Physical and chemical index of the subsurface flow
constructed wetland influent and effluent

W, b RALERR

by (WS

IR ST AN v
HsKk1 2638 035 4.39 8.72 141.96
6/10H
HsK 2501 0.35 133 8.24 145.92
#EK 2946 033 4.57 8.87 116.23
7111011
K 2802 033 1.26 8.10 122.06
#3082 030 4.69 8.69 131.99
8110 11
HsK 3055 0.30 2.06 8.04 147.30
HsKk 2694 031 3.88 7.99 121.70
9/J10H
HKk 2626 031 0.79 7.81 137.20

H5EKALE, WK pH (. Wi A
I JE AT AR LT 3 R (p<<0.05), Sk T R4
PR AR SN RS

x4 BFRIEHT B A BB COD &8 JR R 1%
Gl WIS T IR, R L H KRB R B
W1 COD a5 f7 B2 5 (p<<0.05) , Wi H )
FER KT A BEE RS AR BB, ik
IR SV HON TR K R T IR B A AT COD (1) s
I IILE 52%~59%. 39%~69%Fi1 17%~35%75 [ 4 «

MR 4 HhRIL, B TRIE I TR e, 3B R et
SAL SR COD 1 2B Bkl =, Ui A 7K A4

TP AR M A A ROR P, iR 2B 0
%r%—o
R4 EiURkRALHR
Table4 Water purify efficiency of subsurface flow constructed

wetland
mg-L*?
I 1) IKFE SRR RBEEIRY CODpin
HEK 1.34+0.15 0.28+0.07 6.10£1.70
6 H HK 0.64+0.05 0.18+0.04 5.00£1.56
LBREI% 52 35 18
HEK 1.22+0.18 0.43+0.08 7.56+1.29
7H HK 0.56+0.04 0.26+0.02 6.27+1.05
LBREI% 54 39 17
K 1.39+0.18 0.44+0.07 4.92+0.96
8 H HK 0.57+0.02 0.16+0.01 3.20+0.87
LBREI% 59 64 35
HEK 1.72+0.32 0.42+0.08 6.50+1.80
9H HK 0.65+0.06 0.14+0.02 3.7741.02
LBREI% 62 67 42

T S R I bR EE

2.3.2 ALXAR

TRISIBAT ], ARSI A A ) 2 AR A
N 2.0~35.0 kg/mPe KT R, EAMIERE. KT
A, ISR AR, BAE. N (bFRE RS
IKFHEAR A S BFE R (p<0.05), WA SR IR
FAHEBOK A W B b e . B b B, ARSI
SFFEE AR R NS A, HER. BA. Bk
F1 COD [#) 23 %1%k 51 49.49%. 62.50%. —28.75%. 18.35%.
17.39%#1 18.18% (£ 5). FHorh /K BN R B8 = T3t
K, B AR 2V R AR A A A B 22 1 A 2 U A b i
2.3.3 A &%

HAERERE-8, RIS R A S, K
AR WRSAZ. ME. BB AR K s
PR BUFR bR BEAT T AW 3B, A s i B AR 2 i
HK K AR B B 2257 (p<0.05), AT FRITK
PR R R WAESRL ISR BA. BEER CoD Y
LRk 24.00%. 50.00%. 17.48%. 24.72%. 26.32%
H15.86% (% 5).

2.4 TIKERHD

PR AT, 5 B VT S 7R R X, ARG
YEIRA — SRR HK 3~5 kP, RS TR IR K 35
PRGN HSCR AT 2 Ik, BRSOk A2
BEHALIK o

HIESRIE K B T4k . 28R A KR K o
PG TR, VLWL X (4P oK & 10781 mm, ¢
B7E a1 346.3 mm®, ST, 1% X 3R E 0
HRANFRIKEL N 2682 mm/a, 29 KK 13.4%.

A TSR RE T IFEK E RN B R
K, HAbmKeE5EgEMmEE 3, HHKIRE
REPHEK, B LA 1R R 6 AR TG K
TR 5 A G 7 AR 3 F K S HE SO e L%
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Table5 Water purify efficiency of eco-ditch and eco-ponds influent and effluent mg-L*
NH,"-N NO;-N NOs-N N TP CoD
HEK 0.99%0.25 0.16%0.06 0.80%0.29 2.18%0.99 0.46%0.13 7.92%2.36
A sk 0.50°+0.25 0.06°+0.04 1.03°+0.43 1.78+1.32 0.38°+0.07 6.48"+2.33
LY 49.49 62.50 -28.75 18.35 17.39 18.18
K 0.50°+0.25 0.06"+0.04 1.03°+0.43 1.78+1.32 0.38°+0.07 6.48°+2.33
R ik 0.38%+0.10 0.03%0.03 0.85%+0.33 1.34°+0.35 0.28%0.07 6.10%+1.70
LR%% 24.00 50.00 17.48 24.72 26.32 5.86

e RPFESIARANG PR BEMEZESR (P<0.05).

*6 AREFEAXNAKSSREMILER
Table6 Water consumption and pollution emissions comparison
of different aquaculture mode

A FEAKI(M® - kgh)

AR HoKE

SMEH  S#EERY COD His

noE @m) (g-m) ’

(g-m)

He G yE IR 018 4.0~6.7 168~281 64~108 49.2~824
EATHMEEE 018 1.3~26 1.7~35 04~07 7.9~159
TR H % 63.6 88.4 93.6 81.9

e BRI GRS SRR =HEBOK A B 2 X R
AR BBEESS COD HEBH S ik AL B AHE . 4hFEK SR T ST f
A FEAK ST KB

3 HHit5iTie

3.1 &g

L H5&GmIEFRaA AL, A TR 7
RGP IR K 60%LL |, 9D @R COD HEi
80%ULA |, PRI RAT RUFH “rae. e 2, a3k
FEI 7K = FR A A e K

2) AR TR 5 77 5 K 1A B AT A B B
Bl AEZSVAYE . AEASYEL VUL MR SR G i ) 4 Rl
NAT— R, RS TR — AN ik R 4 1 AR
1) 20%.

3) Wi R RS TR B R S b 1) 2
ForP R AR SRR A R A, AR
AR H I Y R R PR LR TR . A MR R k)
24 b K AE A o

4) TR IE IR RGNS AT E 85 A s R 5
SRR ZS TR B 1) 7 A i, I R SRIE K AR
BRI ERE B N, — ol K
T /N RIS R) AT 4
3.2 itig

AR TR KIRB A RAT AR, 24,
B BIRE R, RSB RS TR T R IR RO Y
HROEFE, HEARZ MRS ZEI R ERAES
TR TR RS B RN TSGR K , hIESR
PEK IS G2 Proh, WA TR E
FRHH RGN, Ny e IR . AR . 1
SRR R, RGN S w0 RIEA R4 5 1Y)
e, MRS MR ROR B[R A FTIE H K

FRFEIK AL B (N TAR I A A0 s 2R Y
VRl e RER L AR B R R
GRS 2 T RE M AR, BRI 6 A R it
PHFEHAS SRS TR R S BB

5Tk WS KME, K7 FREHOK 3 25
R BEGH, HPEIREBA AL ([TN]<5.0mg/L,
[TP]<1.0mg/L) B, pril, fEdiit s TRMLIFI RS
I 2 5 FR AR TBOK AR R, AR Yt 0 7 0 1 AR 7K 5
SRS TR B A BE Ty, S8 IR Eh i 5 i
ERARTE, R AE TR R = K 5 7 H

A& TR TR E RIS, H ez
DI IA K 5o N O VA (1879 10 (A SN < L7 bk £
AL SRR A AR R, LA
WA BA . ERPEEEA. ERSRBARYE, XT5E%
FER TR IR BRI R, SCIMBARME 2& LE .
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Ecological engineering water recirculating ponds aquaculture system

Liu Xingguo?, Liu Zhaopu?, Xu Hao?, Gu Zhaojun?, Zhu Hao?
(1. Nanjing Agricultural University Marine Biological Key Open Laboratory, Nanjing 210095, China;
2. Key Laboratory of Fishery Equipment and Engineering, Ministry of Agriculture, Shanghai 200092, China)

Abstract: According to the characteristics of traditional freshwater ponds in aquaculture, a system of ecological
engineering water recirculation ponds aguaculture was designed to solve the problems of aguatic pollution, waste of
water and the safety of aquatic product. The system was composed of an eco-ditch, an eco-pond, constructed underflow
wetlands and aquaculture ponds, with the area ratio of 1:5:3:30. In the system, the aquaculture ponds were arranged in
series, and water flow facilities were built in the pond diagonal to exchange the upper and lower layer water. An impetus
was used to circulate the water in the system. At the fish density of 0.20-0.82 kg/m® and daily water exchange rate of
10%-15% in the system, the concentrations of ammonia nitrogen, nitrite nitrogen, nitrate nitrogen, total nitrogen, total
phosphorus and COD),,, were lower than 1.89, 0.20, 1.50, 3.27, 0.59, and 9.0 mg/L, respectively, which were all lower
than those of the control pond and satisfied the standards of national aquaculture water quality. The water purification
results of ecological engineering facilities showed that, the removal rates of total nitrogen, total phosphorus and CODyp,
from the aquaculture emissions were above 52%, 39% and 17%, respectively, in the constructed underflow wetlands.
The average removal rates of total nitrogen, total phosphorus and CODy,, were above 18.35%, 17.39% and 18.18%,
respectively, in the ecological ditch. And the average removal rates of total nitrogen, total phosphorus and CODy, were
24.72%, 26.32% and 5.86%, respectively, in the eco-pond. Compared to the traditional pond aguaculture, the ecological
engineering water recirculation ponds aquaculture system can save as much as 63.6% water and reduce 81.9% COD
emissions, which show significant effects on water saving and pollution emission reducing.

Key words: pond, ecology engineering, water quality, recirculating aquaculture system



