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WE  hTHELRANBEIRERRA RS, KA KFTEARAN T &0 T W4 £ 9 R ELR R
AR A(DO) L Fr 25 AT RAE AT A A, FFAE(COD) K F A £ 7 41(SS) 4L
R, ERET, HARDKEMHKEACEMK). COD(EAX)HA M T F # %1 (P<0.01), *t
SSAHEMEHWM T EE, YHAKALIKE N 0.45~0.65 mg/L B, It A AL 2 3R & Ak (A AT
P08 e ) 82.1%+3.3%; COD FHEBRE N 7.1%+1.5%; SS FHEKRE K 5.8%+1.6%), DO % &
X AR R AR ) Fr COD( M AH )4 32 8RBy % v B 2 (P<0.05), xt SS A #E R % w F £ % . DO
WIEHR 5.0~7.0 mg/L B, KEALEIREM(ALTFHFREN 78.7%+3.5%; COD FHFRFE K
23.0%%5.3%; SS FHEREN 7.1%+£2.0%). Fit, KRLBIFTNERERRERZAMI B A
JEH A B RIKE A 0.45~0.65 mg/L, DO WK JE H 5.0~7.0 mg/L i, stAREFEH AL . COD, SS #y 4

a BB AR &AM
KA

FESES S969 TEEFRIRAS A

MEFRIK F-5H A 4t (Recirculating aquaculture systems,
RAS)TE H [ Y 165 4> 52 58 b X A2 31 32 1Y G 1 A
FHCEREE, 2012), SfEGEFRMAM N, TEHKIRIHEE
ARG RN SR AR PGE | FR 5 KDL
BHS A S (M AR, 2010), ZERKIFSE(2011)F
B EZ Q16 , TERMEA KRG T, £
Y B E G OAER, o, B SRS AL TR A
WA . BT, 55K A YRR R 2 G

XEHRS

BIHKFRIEZR; AR BMA; nLih; WHa
5 2095-9869(2018)03-0089-07

P T5 Ve ECH YL A TR KA AL T AE (SR R 7 55, 2008),
BRPRIE T | 45 R4 T LY 3 1R A X A 40 1) 7K A 4k B
MORA W2 52 (Bower et al, 1982; Lekang et al,
2000; Hirai et al, 2001; F %45, 2001; fa[if4E, 2003;
HERLEE, 2015), THPEM AR 85 EE AR R E A
FEETE S B[] A S AR AR i AL RSR (Wang, 2011),

FRI AR KR BRI A . L FFES I+ (Chemical
oxygen demand, COD)F1¥k; % 7% ¥ (Suspended solids,
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SS)FEXF FRFHAE M AT TR TR AT, U, AW I

KW B A PRACRIE A B (B 350 AR, 2015, #IRAE,

2016) i k7K A G R0k B LA A 0 it ) i
% (Dissolved oxygen, DO)¥ & 2 i A= 4 i %o 1H 28
YT Ak B B R B AR, A A0 B SZ SR P I
SRR A v N e Ak A0 A R AR DL BU B AN
S(THYE, 2009); FFRME S AF7EE KT
HRFR, SFRMEAFT COD £, MmmiLMEA
FTFRAERR, EEKE RN, SHRMEL T w5
#, T3 COD IEFREFEMINCREFISE, 2014); DO ik
JEIH%, AR TRAE/EH, DO W it w2 hi
FRAE (BRI 4E, 2009) .

AR FE R AR A 5 2%, 55 A TR &R DO
TG OL T, Z2FLI A 7 o A 9 Rk A 1 A 0 it
XA . COD. SS MIZEEALIIRCR . LU & A 52 5
A W K AR Y B & DO YR, DL RO
e PR G ) S ROV B L

L MRS
1.1 KEHH
WELA KN 5 emx5 emxS em; WKEH

T B I 1300 5 FRE R K N W e R 20 T 2 g DL 285
628 19 I [CBE £ D1 (Pinctada martensii ) 775 % 7K o
1.2 KRN %

pH SR 1 pH 1T E 1 i PHS-3C B E 5 i JE
hE . DO RHZSH0K ML (YSI 6600V2 7))l
5 AR WKIRMREAL L) . WAHRRER (25 2 e oot
JEREEEE) . bR E S COD. FURE R SS ME R
Z i GB17378.4-2007 M iE WM HLTESE 4 F85: iEK
AT T AT (AR N R SR ] (] 5 o 1B A e A
P RUREE, 2008),

13 fEHKERS
FRAEMAE . RAKIEE N 1.6 mx1 mx 1 m [

AKPe AT, B3 A 1 4L, itk
A A, W E 3 AEEE ). Ry R
ek HIKOKRER, 3 K HORTERR, TS 7K i
W KIE A K 2 I8 i, S ug it iy 7K 58
I A HE A A o SRR R R K R SE R, 15
1B AR . DO i far 256 ] [H] 32k 7K 3t 7K 44 1600 L,
A28 16 h, 15 h IHEIRKE A), B, 18
Bk . R DA BUKEE 200 ml, ZJE, fTIPKE
B(3000 L/hyff i 7Kt 7K A 5 [T ik 7K b, PAE 2 7K b 37
W B R A, 12 30 min J5HOCHIKE B,

FITFKREE A, WHKE A, HKIEFHE N 100 L/,

0 G R 1 B ANOK AT R AR, B IR K A
T8, IR & Kt 22 1) 3R A (110 mm PVC 7K
BOVESE, RS T EEM TR 10 eme 76 UHEH 8 v SEA 3
A BT 0.8 m &7, IHIuE I 0 1K I D E T
FEES FRZM A 10 cm Ab. I N as BRAARR
1.28 m’,

AP RERE I . R A B 45 (2014) R &5 4245
(2010) P FENBEAS ] AU BE , R F A S50 A9 B As) 8] A
30d, KiEK 25°C~28°C, $hEE K 31~33, KHIKE A
B, ¥R A 1T (H 110 mm PVC KL B,
eI b o SR T 7 24 h IOFRFEIEE K (24 h
Ja AR FR B BR AR S) , eR, SEA Aok SRR
1.6 m*, K2 0.9 m®, I A A2 4 0.7 m®,
FARFEKIR DO 2 6.5 mg/L, AT A IG5 30 d.
FRAEPI RS, TR S5,

QA . DO i SCR AT, SCHIKIE A, K
WA K 1600 L, HyK i seiiiEEK 1600 L, #K
WA Kb K K2R B SRR AT, T i A A
WRRE (K KRR = (B E KA, SERR
KM, BT, BIEHHES . WA, FT9RK
A (3000 L/hy, KKt K A4 A R 8 b 22 365 I
FHAL, EHIKEE Ay & PTE Kt A 7Kt 2 ] 322 38 Y
KA, FRESKE BB A A RS AR, Z i
KK, CHIKIE B, FEFTHF/KIE A PR 7K i
9100 L/h, JFHASEE

>

>

%E 7B Overflow pipe

7K H

Water inlet pool

K
Water outlet pool

WA

Coral stone

IKE A
Water pump A

K% B
Water pump B

Kl 1

Fig.1

YRR

Nano oxygen ring

vt
Air pump

Experimental equipment
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131 A&A K7 WA NH,C1 85 3K K
WREWE, BEH 4 HRAAWKEKF, 50K
0.05~0.25 mg/L. 0.25~0.45 mg/L. 0.45~0.65 mg/L
0.65~0.85 mg/L. R E ML AKF-40 51 6 1k,
12 h B 1 yAE, Hilt 12d. DO N 6.5~7.5 mg/L,
KA 25°C~28°C, EREEHN 31~33, 43 it i 7K th
g % . COD. SS fitr.

1.3.2 DO # # SBUN CRF RS TN NI R
e DO W, E 4 4> DO K, 25k
1~3 mg/L. 3~5mg/L. 5~7 mg/L 1 7 mg/L VA -, 4
AKFEMEL 6 vk, A 12 h B 1 AR, DiRt 12 d. oF
KB RHE N 0.45~0.65 mg/L, Kiih 25°C~28C,
RN 31~33, MM UEM DO Kt AN i H
M4 %A . COD. SS 1545,

14 HESHHE

0543 7 DPS16.05 15 Mk 4 HEA T 508 43
Mr, HEATZ 08B A B0, AT SCR B B, &
RO SLI 0 3 AR FEbR K Z A (x) . #EK
COD(X,) . #E7K SS(xs) 0T B B it 3 A48 AR[H KA
(y1). Hi7K COD(yy). 7K SS(y:)1AIEZM, [R] A FE
#4531 . DO Tfar BB i 3 MR AR [DO(X)) . i
IKE A (%) HEK COD(x:) % B ikt 3 FeFR[ K
A, thk COD(y,). HiZk SS(ys)f8m, [t
VESBAR ST

2 #7R

21 HRATER

21.1 A%, COD #= SS # &k & meE 2 s,
SR LI WoR, R TR A R, K
RWFE N 0.05~0.25 mg/L B, @EFEHHHRRN
54.2%+9.1%; KM FHEE N 0.25~0.45 mg/L I,
AT NERRA 72.7%+2.6%; SRR AWK E K
0.45~ 0.65 mg/L B}, ZE VIR HR 82.1%+3.3%;
ekt = A W 0.65~0.85 mg/L I, 2 A T- Y05
R 78.4%£1.6%, I 5 I

KT COD lkr#%, KM= A WKE SR 0.05~

0.25 mg/L i}, COD “VHiERAFEN 21.9%+3.3%; i
Kt 2 A E R 0.25~0.45 mg/L Bf, COD “F-33% %
R 13.1%+1.6%; 7K M Z A E R 0.45~0.65 mg/L
i, COD FHJEMRN 7.1%£1.5%; KM Ak
JE 4 0.65~0.85 mg/L Hf, COD ¥k bk % H
2.7%%2.0%, TR

KT SSTHERE, KM AMKEH 0.05~0.25 mg/L
i, COD FHIH B F N 45.9%+3.5%; HEK 58 A Uk
JEN 0.25~0.45 mg/L B, COD SEIJTHERRR N 14.3%=
12.7%; #E7K b Z 2K A 0.45~0.65 mg/L i, COD
FHIERR N 5.8%+1.6%; MK A IKRE N 0.65~
0.85 mg/L i, COD “F-¥EERAERH 5.3%+2.4%, 2T
R e i
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SS i BRI R
Fig.2 Effect of the concentration of ammonia
nitrogen in inlet water on clearance rate of ammonia
nitrogen, COD and SS of the coral pool

212 #HARBRRANHAKRAR. COD. SS#) % T=)2
oA ESE, A 3 IR AR K A (X))
COD(%y) . 7K SS(xs) 5% & th 1 7K 420 28 () A B )
(F 1), SRR S KA R i 20 IE A OC (F
KRN 0.8314, P<0.01), #E/K COD. SS XfHKE
R T E .y, =-0.0318+0.4013% , IRE R R=
0.6913, FAHriEZE SSE=0.0724, R4S R H(=0.5556.
FAT 3 AR bR K Z A (X)) . COD(%).
SS(%s) X B 38 s HH 7K COD(y,) A B2 M (3 2). /K
A5 7K COD gt i 3 I IEAH S (HH I R ECH 0.9756,

F1 #HKER. CODMHEKERAMEY B
Tab.l Stepwise regression analysis of ammonia nitrogen in the outlet water and the ammonia nitrogen and COD of the inlet water

L =8y EYEEY 4 A TS EY Unki:PS
A=<\ R . . .
. . Regression Standard regression Partial t P
Variable Coefficient . .- .
coefficient coefficient correlation
# % Constant a0 —0.0318
7K % & .(x;) Ammonia nitrogen of the inlet water al 0.4013 0.8314 0.8314  7.0189 0.0000
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P<0.01); #t7k COD 5Hi7k COD gtk i 2 i IE 41 56
(FAEZRBCH 0.9890, P<0.01); 7k SS 5k COD
AHCHEAR 2 AR RS W AR 50 PR AR i 1Y
R, ¥EK COD 5K COD myE R Bk, BigEk
COD XIHi7Kk COD Wysgmifc A, HZIEAHSE,
FEZBON 0.8509, Yy, =—0.2114+0.6569%, +0.8500x, ,
P R HR=0.9839, FA4HRiEZ SSE=0.0061, 4%

R RECN 0.1269,

e, i 3 A E SR AR K = A (x) . COD
(X2)+ SS(x) 1% HHHEH 8 3t 7K SS(ys) U RE MR (55 3). #F
K3t SS ik SS A i B IEAH S (HH S R B
0.7317, P<0.01); #/KZ A5 7K COD AR,
y; = —0.0064+0.8224%, , YeiE B R=0.6324, Fl4
FrifE2: SSE=0.0043, 431 RN 0.6063,

%2 #HKEFR. COD. SSxfihizk COD HIZEF E I35 #7
Tab.2 Stepwise regression analysis of COD in the outlet water and the ammonia nitrogen, COD and SS in the inlet water

e " HPEES Y G AN TR ES (ILiEBS
AR EY i : ) )
. . Regression Standard regression  Partial t P
Variable Coefficient . : .
coefficient coefficient correlation
4% Constant b0 -0.2114
# K& A (X)) Ammonia nitrogen of the inlet water bl 0.6569 0.5648 0.9756  20.3541 0.0000
7K COD(x,) COD of the inlet water b2 0.8500 0.8509 0.9890  30.6621 0.0000

%3 HKEF. COD. SStHsk SSAIZEL EAN 4T
Tab.3 Stepwise regression analysis of SS in the outlet water and the ammonia nitrogen, COD and SS in the inlet water

- % EHVE Y4 iGACNSEY ' =ViEES
7 RE . ) .
. - Regression Standard regression Partial t P
Variable Coefficient . : .
coefficient coefficient correlation
H#X Constant c0 —-0.0064
7K SS(x3) SS of the inlet water cl 0.8224 0.7733 0.7317 4.9197 0.0001

22 DO fafiti

221 R%K. COD, SS#Hrk# nE 3 iR, DO
ffar SER B B, XTRAERE, DO WHE N
1.0~3.0 mg/L B, ZECFIWERER 54.6%+2.6%;
DO W JE N 3.0~50 mgL W, ZAEFHERER
66.3%+5.4%; DO KEH 5.0~7.0 mg/L i, DA FH
THBREN 78.7%+3.5%; DO VEJEKT 7.0 mg/L i, %
R EIE RN 75.0%2.3%, 5 J6H 5 I i a3,
100 - —A— 424 Ammonia nitrogen

90 - Ccop
$80f @SS

W4, DO/(mg L)

3 DO e BEXS 38 1t 2 %0 . COD Al SS 15 R B 52 Ml
Fig.3 Effect of dissolved oxygen concentration on the
clearance rate of ammonia nitrogen, COD
and SS in the coral pool

¥%F COD &%, DO HJE N 1.0~3.0 mg/L i,
COD E¥EBE RN 1.6%+0.9%; DO HEHN 3.0~
5.0 mg/L i, COD “F-YJi5ER#F N 7.8%+2.3%; DO ¥k JiE
4 5.0~7.0 mg/L i, COD FHIiEFR RN 23.0%+5.3%;
DO ¥ & K F 7.0 mg/L B, COD V2115 BR R K 26.5%+
2.7%, & BT

KT SS iEERE, DO WK 1.0~3.0 mg/L i}, SS
PIEBRFEN 8.0%+2.5%; DO HefEH 3.0~5.0 mg/L i}, SS
SRR 21.8%+3.3%; DO WK 5.0~7.0 mg/L
i, SS FHHEBRAERN 7.1%+2.0%; DO #JE KT
7.0 mg/L [, SS FITHERER 2.8%+1.0%, FI5EH
Je U
222 DO xHHKZK . COD, SS & % TEany it

H5E, A0 4 ANTHEFEAR[DO(X) . #E7Kith Z A
(%) COD(X3). SS(xXq)]XF R 8 th 1 7K SS(ys) Y 52 )
(£ 4). DO 5 H/KE A N A I3 1) T OC (R ¢ R AL
$}-0.2641, P=0.2124), y, =0.1951-0.0061x, , #k5E
FHR=0.0698, FArhrifE: SSE=0.0878, FlAxil e
Z%0=0.9645,

PO 4 SR FEFR[DOX) . #EAK M A (%) |
COD(%3) . SS(x) ] HIHEI1E b i1 7K COD(y,) YR M (3
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5). DO 5k COD Mt ti 3 A9 G AH e (FHE R ECh
—0.9340, P<0.01); 7k COD 517k COD Wik i3
FIEAC(AHE R BN 0.9715, P<0.01); #/K SS 5
7k COD b & 25 1Y 1 AH OC (FH ¢ R 2 -0.4497

P<0.05). 3844 2 005 Bt 1) ARt 0 PR AR S 9 1 R
#Ekih COD 57K COD MyAHX R BUR K, Bl#EK
COD X} 17K COD Wysgm e Wl e, HAZEADG, H
HREHCH 0.8171, y, =0.7860-0.0979% +0.8389x%; —

11.6454%, , RERE R=0.9621, F4brifE SSE=
0.0110, F4xiEfE RN 0.1948,

wE, Hr 4 DEAEAR[DO(X) . #7K itz A
(%)« COD(X3). SS(xq)XT HHE &t 7K SS(ys) 52 M
(F 6). #E/K SS 5 HIK SS e i 3 i IE AR I (HH 6 %
$h 09178, P<0.01), y; =-0.0048+1.1081% , RE
AH R=0.84231, FIAhrifE2E SSE=0.0578, F4%idE
RERHBCH 03971,

%4 DO. HK&ER. COD. SSHHKERRAZELSEAN
Tab.4 Stepwise regression analysis of ammonia nitrogen in the outlet water of the DO,
ammonia nitrogen, COD and SS in the inlet water

A5kt ey 1 5 8 il A JE . e
Variable Coefficient Regression coefficient Standard regression coefficient Partial correlation
44 Constant do 0.1951
R4 (x)) DO d1 —0.0061 —0.2641 —0.2641 1.2844 0.2124

%5 DO. #KE&. COD. SS3tiHsk COD HELE IS
Tab.5 Stepwise regression analysis of the COD in the outlet water and the DO, ammonia nitrogen, COD and SS of the inlet water

AL ¥ EYEEY 4 FrRfE I R 5 TLiEPS
AR i . . )
. - Regression Standard regression Partial t P
Variable Coefficient . e .
coefficient coefficient correlation

i ¥L Constant e0 0.7860
i %.(x) DO el -0.0979 -0.6318 -0.9340 11.6902  0.0000
#E7K COD(x;) COD of the inlet water e2 0.8389 0.8171 0.9715 18.3233  0.0000
#E7K SS(X4) SS of the inlet water e3 —11.6454 -0.1195 —-0.4497 2.2519  0.0357

%6 DO. #kithE&E. COD. SSHtHsk SSHELEIASN T
Tab.6  Stepwise regression analysis of SS in the outlet water and the DO, ammonia nitrogen, COD and SS of the inlet water

- " EHPSER 3 A TS EY nki:PS
LSy R : ) )
. . Regression Standard regression Partial t P
Variable Coefficient - .S .
coefficient coefficient correlation
H#X Constant f0 —0.0048
7K SS(X4) SS of the inlet water f1 1.1081 0.9178 0.9178 10.8406 0.0000

3 itig

Z Il 2E R R, #EK b & Z k1 DO
WX KR A . ik COD ¥AW BEEm, —
XSS AR . Z It EH MR AT LA B4
RE AR T AR, T ELRE X 43 5256 S 80 ) A O
T SRy LS e R[] 422 52 ) (] 5 45, 2003; 2R E AR,
2009; FME4E, 2009; T PREZE, 2009), &7 B35
RN, REMERECE M EN, JIRARERN, L
HEAL ARG T AR, BREIAE(2012) AT IS Ak
FeAFL I D (Mimachlamys nobilis) 8tttk ; £ 2R
ZE(2004) % 5 FCERAF DLAS [R] s B P [ ZEFNFPRE ]
I F— BB MRS EEAT T H 5T -

AN LR BoR, HKEEKE R 0.45~

0.65 mg/L B, IWENA A Ppug i XK &2 A . COD.
SS MIZEA A BEACR L (R AR R R 82.1%=+
3.3%; COD FXJiEBRF R 7.1%+1.5%; SS FHiE R
HH 5.8%+1.6%). AAM MMM ERE, ZAMK
JEE e AV A A B i A R AN i, G SRR B A X Al Ak
A AMHI N . COD HI SS YT B S AKEAR, Fr A
it B 7% T S T BRI O, A ) T K A Ak B A AR
4. i, ZEA5E, MK AMRE R 0.45~0.65 mg/L
BF, RGO K ARAE AR AR

DO i faf LI EHE /%, DO WA 5.0~7.0 mg/L
i, IWEA A i K R A . COD. SS HY%E
B AR AR [ A A YEBR N 78.7%+3.5%; COD
SEHTHRR N 23.0%+5.3%; SS FHNHRHRER K 7.1%+
2.0%) o ZEIREH] 5 (2009)7E 1 P A AE PR /K 7258 2R 48 52 56
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A, BRSAEYIETE DO (E2R 7.0 mg/L B, U8
WA KRR LR, DO WER, ANH TRk
M, DO VR b s b rEf . 24 DO Wk H
it 7.0 mg/L, COD iEBRFFE AW L, ZEHIE,
LIRS A7 oA 280 R %) A Ak B 2R B 1) B A DO Wk Y 1]
9 5.0~7.0 mg/L,

ZE bk, ARSI T R IR K 355 R G
Bl Y g AE A AR E N 0.45~0.65 mg/L. DO i
BER 5.0~7.0 mg/L B, XKAEFHEE . COD. SS
FIZEE AL BRI A o ARBFSE A7 E AR, AR
HEE . ORFRREE . AR EESEEN T, RERIKAR
Ab BRI it — 2 S0
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Treatment Effect of Ammonia Nitrogen, COD and SS by a Coral Stone
Biological Filter in the Recirculating Aquaculture Systems Under Different
Concentrations of Ammonia Nitrogen and Dissolved Oxygen

LU Weigiang', GAO Huanan', LIU Chunsheng', WANG Aimin', GU Zhifeng@, LIN Guoyaom

(1. Sate Key Laboratory of Marine Resource Utilization in South China Sea, Ocean College,
Hainan University, Haikou 570228; 2. Hainan Academy of Ocean and Fisheries Sciences, Haikou 570206)

Abstract
detection experiment to study the effect of clearance rates of ammonia nitrogen, chemical oxygen demand
(COD) and suspended solids (SS) by a biological filter in RAS under conditions of ammonia nitrogen and

To optimize recirculating aquaculture systems (RAS), we performed a water-quality

dissolved oxygen load. The experimental results for ammonia nitrogen load showed that the ammonia
nitrogen concentration of the inlet water had a significant effect on the ammonia nitrogen (positive
correlation) and COD (positive correlation) of the outlet water (P<0.01), and did not have a significant
effect on SS. The optimal treatment effect of the water was observed when the ammonia nitrogen
concentration of the inlet water was 0.45~0.65 mg/L (average clearance rates of ammonia nitrogen, COD,
and SS were 82.1%+3.3%, 7.1%+1.5%, and 5.8%+1.6%). Experimental data for the dissolved oxygen
load showed that dissolved oxygen concentration had a significant effect on ammonia nitrogen (negative
correlation) and COD (negative correlation) treatment (P<0.05), and did not have a significant effect on
SS. The optimal treatment effect of the water was observed when the dissolved oxygen concentration was
5.0~7.0 mg/L, (average clearance rate of ammonia nitrogen, COD, and SS were 78.7%+3.5%, 23.0%+
5.3%, and 7.1%+2.0%). Therefore, when the concentration of ammonia nitrogen is 0.45~0.65 mg/L, the
concentration of dissolved oxygen is 5.0~7.0 mg/L. The treatment effect of ammonia nitrogen, COD, and
SS is optimized by the coral biofilter of RAS in this experimental environment.

Key words Recirculating aquaculture system; Ammonia nitrogen; DO; Load test; Coral stone
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