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Occurrence of fine particles in an industrial recirculating mariculture system for marine fish farming of two
species

LU Yang, ZHU Xianyi, GUO Yue, GU Jing, YANG Guojun, REN Tongjun’, WANG Hua’

(College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China)

Abstract: To clarify the removal effects of an industrial circulating water treatment system on fine particulate matter in water, dynamic
changes in the mass, composition, and particle size distribution of fine particulate matter during the industrial circulating water culture of
Takifugu rubripes and Cynoglossus semilaevis were studied. The results showed that the concentration of fine particles in the aquaculture
ponds of T. rubripes and C. semilaevis was stable at about 20 mg- L™ based on an industrial circulating water treatment process using an arc
sieve, foam separator, and biological filter. The content of fine particles in the water increased significantly after feeding; the proportion of
organic matter in the fine particles reached more than 90%, indicating that the increase in fine particles in the water was caused by feeding.
The particle size of fine particles was mainly distributed within 60—170 nm in the T. rubripes culture pond water and 95-420 nm in the C.
semilaevis culture pond water. After the effluent of the aquaculture pond was treated using the water treatment system, the particle size of
the fine particles retained in the water was mainly between 95 nm and 110 nm, indicating that the fine particles with a particle size of 60—
95 nm and greater than 110 nm in the recirculating aquaculture system can be effectively removed.
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Figure 1 Recirculating aquaculture system
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Table 1 Water quality of culture tank

CLEEAr BRGNS A
FEH5 Index Takifugu rubripes  Cynoglossus semilaevis

culture tank culture tank

144 Dissolved oxygen/ 8.62~9.90 8.94~9.88
(mg-L™")
7K Temperature/°C 20.70~20.80 17.80~18.30
pH 6.93~7.19 7.45~7.61
b2 T3 %k Chemical 2.578~3.658 2.074~3.658
oxygen demand/(mg-L™")
A A Total ammonia 0.249~0.470 0.123~0.251
nitrogen/(mg-L")
LAY AR ER A Nitrite 0.061~0.094 0.063~0.094
nitrogen/(mg-L"')
T LR R 0.269~0.451 0.069~0.132

Orthophosphate/(mg- L")

i, 0 AR TP UM R ) Y S BT RS D8
JEEHL A 450 °CI5 df ) 958 5 b, B G 20 S0k 47 v
HHLFITCHLA A 5

2 HERENH

2.1 K FR R BT M BRI 1R 5 T
2 Sy 218 7R D Sl R 3 S A4 40 R OK IR B &R

30

(a)

25

20

151

101

H 43 F Percent/%

53 61 71 82 95 110 128 148 171 198
k42 Particle size/nm

301 (c)

B3 Percent/%

95 128 148 171 198 308 356 413
Hi4% Particle size/nm

B2 EEZRFTEHFRTE M H K (a) Rtk (b) BB EERFRA M H K (o) MK (d) AR M HIE 537

Figure 2 Distribution of fine particle size in outlet(a) and inlet(b) water of Takifugu rubripes culture and in outlet(c) and inlet(d) water
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58 71y i 5 Bt 2E K R (T 2 ) B 2 A 40 R AR
B 61.71.82.95 nm Fl 110 nm, B A1HT & B9 L FI43
WA 1.7% . 4.0%.7.7% .31.0% F1 55.6% , A] U283 T
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KT 110 nm [ G BORE 0 400 2 B (3% 1T 467G
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T B R AR I L K IR UL ) R R AR G A
W 2¢ 7, 2K FR i Al R (R R4 4331 R 95,128
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Iy He 3 h 25.5% . 6.3% . 26.3% . 15.5% .3.0% . 4.0%
10.2% 1 6.2%. Kl 2¢ AT LV ), K42 24 95 nm Fl
148 nm [ 1o 41 UKL 4 76 W SR 75 AE it K P o He 3
ML 25% , U RAR R 171 nm B BCARBORL Y 5 1
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H 47 HE Percent/%
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of Cynoglossus semilaevis culture
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2.2 HWE
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B A B ok BE A B 4.1 NTU J& , H 7K B 3ok 28 o, Bt 25
I ) 42 777 32 M RAAT L 76 24 I I 2 8 55 B 3 3 /K
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6 M L1687 )7l Takifugu rubripes
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Figure 3 Turbidity in the effluent of Takifugu rubripes and

Cynoglossus semilaevis culture tanks
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TR O B 2 24 B A AR Ak 34 55 21 At 7 i b AH
], € 15 B 22 0 70 i 55 B b 7K fg 3ok B 3K %) 1.8 NTU
Je o T 7K P e o B 5 o ) A T R AT, 24 B 7K
B B A7 0.5~1.0 NTU, 1] W2 AHFR K b 31 2R B ab
PR, FRFE A A B B AT K b
2.3 (BRI IR B

V&l 5 Sy 21 868 2y fidi > T 85 27 A b HE K R AR

P 1%) WHARTY
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Figure 4 Turbidity in the entrance of Takifugu rubripes and

Cynoglossus semilaevis culture tanks
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Figure 5 Varieties of the fine particle concentration in the effluent

of Takifugu rubripes and Cynoglossus semilaevis culture tanks
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Figure 6 Varieties of the fine particle concentration in the entrance

of Takifugu rubripes and Cynoglossus semilaevis culture tanks
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Figure 7 Ratio of organic to inorganic matter of the fine particle

in the effluent of Takifugu rubripes culture tanks
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Figure 8 Ratio of organic to inorganic matter of the fine particle

in the effluent of Cynoglossus semilaevis culture tanks
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Figure 9 Ratio of organic to inorganic matter of the fine particle

in the entrance of Takifugu rubripes culture tanks
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Figure 10 Ratio of organic to inorganic matter of the fine particle

in the entrance of Cynoglossus semilaevis culture tanks

RURY o 22 G BTN 2R A R A . B 2R FRAIAE N
TR AR A Z AN RIS, A] S
RS . T AR K IR RS IR R
18 55 (1) DGR IR FEUK Hh 15 Yy i DR s A8 B L R )
S TR A AR TP A B TR Y R B, T LAAT
RO 5 2K A B V5 Y i s o ASBF ST P 2L BB AR Ty
Ml T i T R T A SR AE R GE R FR K TR B TR AR
WL R0 S S5, DDA 5 MRS [] 7K Ak BT 25
HAK PR RAFAFAE . AWFIE R IR, L1624 5 ffi >
T8 T R B K ) ek B Y H AR AR AR TR L B H
15 B 28 16 B B0 S, SR FE /K ) ek B W 3 ey, AR
T B I A K A L [ 4 4 T 2 R AR, 3~4 h 5 35 F
FRAE o A5 5H H AR PR 7K R 598 v (ol A 0k 40 vk i
B AR Ak R A o 2 AR ], B4 M P T 45 o kst 7K P i 24
UKL Ve B 14 O, HLZL 88 7Ry fink 35 el Hh i A R 4
L Wt i T2 T T R P A R R B .
A NP RIS Ry SR A AR U 1 S R AT Sy 25
M) 5 5t 2 2 A A 1) T AURE 0 ok B A AL Ak 17
BV EIUEE o T AR K IR0 2 4t b e R )
B U FEE — WEAE 5~50 mg - L7 2 [A]S {5 By 24 T K
Z2 0% (Scophthalmus maximus ) F2 58 22 48 H B 7 ks
Pk 2 <20 mg - L', T 5258 2 AF ) S A 17 MURL )
AR BE AT 3K 80 mg - Lo 5K Iz ARAFES Y B 5% K B K
RIFURLY) 1) Bh A AR AL 5 PR R T3 IR O K i 55
Bl 3R AT A TR 81 06 22 1) P R A0 A AT
WA 3 0 2T 808 R il R~ T T R AR K R
TR B9 A BN TCHLA B e8], TR B A
R B LA R ) 80% , HAE WIS AT HILAY Y L A5 34

P 1%) WHARTY

N2 95% , 32 B4R MR I 7K v Ak o7 SR 400 1) 186 22 107 S 3%
TERR A 15 R o A B Fi A e Tt JOR S J5T R 240 T
2 R B LR 59.55% , 3 B K 1A v ok
i 5 e 4 AT R X UKL AT HL A 1 Bh A AR AR A B G
Mi®, Chen S8 IF 58 2 B, 55 %% B8 £0 25 57 4 4
o R BIE FRFE MK 0 2SS ) A K A R
ZURGLAN D) , DT HE 7K Hp o T R Y B
3.2 KRB RIE S

FELTIE Ay i 1) ARG IR K IR AL A v, 775
K R T U 4 AR AR HE 60~200 nm 22 A o 722 W
T R SR v B FUR R AR 7E 95~400 nm 2 1],
B TF MUK K42 7E 300 nm DL E 93K 5] 20%, 7] WL
g B SR FE K R A I R R AR K T4 B
AR5 i 7K rb () B PR URL ) L 3 T R FRFE AN S R
J5 ORI B S A e . 2IEE AT Bl R TG B, (A8
LRI e A, 22 AR IR A NSl s I T
BIE FHIE B 408 R F e 2, S0 8 IR IS, TiE
S FEARWEGE R, AR R R A A R SR R
Gt FRAEEE AR Ay SO R L (RN R SR A i
T £ 0 B £ el AR AN AL A RN [R] , HLET S8R il 37 5
b PN 7K A it 1 FH 56 20 0 R R AR, (A5 2T 68 AR
5 i 5 58 1 7K Rk R R R AR /N T2 T R R A
o TRV X 2T 868 2R R 2 Vi R AR K
AR T 07 ORI (R kAR 43 A1, AT DLk K Hh
7 UKL 28 30 SR 0 YUK 43 25 23 R0 A 4 1t Ak 21
J&i  BEARTE 60~90 nm Z [H] FIK T 110 nm (477 Uk
WIIEARE B A 2R (0] 21 28 il 1) 7K kTR 1
KA MG LE90~110 nm Z 8] , 26 ] T LB R K
Ab B 2R G5 R X AN [ A4 g B TR SR 40 A 22 B ASCR
AN X5 B AZ S5 B o 4 SR — 2, S Uk 4
() BR B A RLAE I3 R 5 5 B JE ETHikads

FEAMIEFE St i T ARG PR /K R0 22 4 i 7K Ab
PR 2, REA% S K Hh S0RE A 25 B 1 1 A B 5 5TUE
i RS B AR A AR e . AU 32 B bR K Y
KAL), TR 5y 5 g 2 2 2B mT DABH B E St e 1
(AR INFIURLA) , A A it v A et mT AR B R i o —
AR N BRI ) o R AR ST AT AL, ek T
FEAIEIRIK AR FR S5 , 7K P R 43 1) 7 A 4 v LA e G
B 2Bk (BT A kAR B UKL ) 23 B AF T oK, 3R
HH /K A B T2 0o S o Uk 40 1 2 R S Uk 4 1
RAR K/NEEVIAE G o ARV BLAE PO T PR K SR 56 &R
SRR R INRIE Y 5 T | a S pER
S5 LR, Wi U 4% [ B 135 K, SIS B 26 2 174 ] 44



6 2 R K T AR K FRA e B R A 1149

FIURL ) 25 BR A BT T R 3, (B4 A B -5 Ok )
KA A B A VERCE " RRAE , RIRE B X0 R A el
S5 LT 4% ) B2 A 4] A RURE A 1) 1 24 25 B 3 AE 60%
A b TR R0 AR /0N T HL T 5% 1) Bt ) T A AL 407 1 -
B R BRAAE 40% Zo A7, TR AE S pHL 3k i B 5 A SIO% i
B, AU 4% [R] B AR5 T slng /N Tk A
V- X AR RURE W) R AR B . Lin SR SE T 6
(Paralichthys olivaceus ) 3758 72 5t H 12k P FUb: M ki A4 53
At S UTREARRE IRy S R ) 1 2 BR AR B R AR A2
NTTAEBONII R TR, F 5SS T KT s
Xof Ak 1 HORE ) 1) 25 BRACR: , e IR OB A UKL ) 1Y
FBRACRAT , H/INRAR UKL AT i 23 bb OB A2 UKL X JiE
Ui Ao B T i R ik B AR R B XK IR A AR
HhO AR B ORI | i EAR A OB kLA /N ik
PEW M ERR L2 SRIESE LI i FHAE IR A K
FOA) SRt 8 LA 25 B K rh sl A S5 R AORE ) Jo
B ZR A BT AR B FRGEK TR ORI L TR 23 2 1) 2
B3 5 WORDREAR 25 DIAH OG o IR 0 8 7™ A2 A AL
I 5 TR RIAR <60 wm BT INIRLY , XK Hr i)
R TE ORI I AT DL B R BRASCR R4,

T ARAE PR K SR E 7 G0 ) Ak i FORE ) ) kLA
FE/K AL P AR b ] BE 23 R A= A8 Ak, AR B PR UKL 7 A=
Yy 5 PN AT BE Fh AR I T el A N OB T i R
R MORL SR B A4, A A T oK /N BORL ) 2 BR, Bram-
billa S5 JH 1 90 UK 43 25 i 15 WO 85 £ (Dicentrar-
chus labrax) & ¥R 7K FE5H 72 48 6 AN [R]RL AR (4 Ak 2 A0
KL 22 BRBOR R0 TG K 5= B ) i
JE pH ER i A5 X A8 i UKL ) 23 BR B IS o Me-
Millan SEIFFE T K ZERAG R K SR 51 5 58 Hh 2 7 ks
PIRAEARZS 5200, & PG AT J /K 20T e R 4e v
RIF ORI AR K AR 2R KBRS AT 1K
t/NEURI R B PN PIRESE T IR % B A (Oreo-
chromis niloticus ) & ¥R 7K I 5H 72 45 v 17 JoURL P i 42
AR, , 45 SRR WY Bt A P UKL ) T 57 B 1t v 5% R ) )
HIBG N, B MURL Y RLAR ] T8/, FIRBIFTE IR
R, LT AR K IR R G b A R i RS S
IKAL T2 UIAROG TR SR SE Mo v, mT SR A4 4
HL B8 A — 20 WL T A UK 0 () TROUR 285 4, A P S A
KR RE VU B ARTE B 2K Hh Sl A URL ) DR/ NI BT
LS SE IR AR S A R 7K b BRAER S

4 ZEig

(I AEZLEE AR Ty Sl M0 0 85 T AR AR PR K SR A

RGH DR IR B S EUK P AR ORI JEE s
S AEER K AL P 2R GE REAS A R0 BR K P ) R AL
Wy, K b BB YR B AR TR

(2) ZL8E 7R 5 SR 0 0 B SR AE t /K o 2m Ok )
A AL BT 3 HE ISP 809% L E |, 3 W fol 4 R
Pyt ml A A R A P RE

(3) £L8E 7R 5 il R4 4 3T S5 57 SR 2 /KR 7K A
(4 Pl AR O R A o3 A1 AN [R] , T AR TR AR IS 1
SR 7 ORI L ~J 1Pk 2 52 R K b 2 0K ) 1) T A
R

Sk

(1] Al A 3 el i BUE PR . 2023 o B O GE ARSI, Jbt - o
[¥ 4 b R AL, 2023, Fishery Administration Bureau, Ministry of
Agriculture and Rural Affairs. 2023 China fishery statistical yearbook
[M]. Beijing: China Agriculture Press, 2023.

[2] FERNANDES P, PEDERSEN L F, PEDERSEN P B. Microscreen
effects on water quality in replicated recirculating aquaculture systems
[J]. Aquacultural Engineering, 2015, 65:17-26.

[3] PFEIFFER T J, OSBORN A, DAVIS M. Particle sieve analysis for de-
termining solids removal efficiency of water treatment components in a
recirculating aquaculture system[J]. Aquaculiural Engineering, 2008,
39(1):24-29.

[4] T JEEHE . A6 PR K 75 5H F 40 B T MR Ak 0 Ak BRE AR AT (). AR Ak
#L,2020(1):46-49. PAN Y Y. Analysis of recirculating aquaculture
system and solid suspended substance treatment technology[J]. Fujian
Agricultural Machinery, 2020(1) :46-49.

[5] 5 il 3 7K SR B 7 MUK (1 Sh B AR WEE D). BT 1R
(A RBRD, 2007, 46(1) : 131-134.  FANG Z S. Dynamic
variation of total particular matter in poly —culture pond[J]. Journal of
Xiamen University( Natural Science ), 2007, 46(1):131-134.

[6] CRIPPS S J, KELLY L A. Reductions in wastes from aquaculture[M].
England : Oxford, 1996:166-201.

[7] 555, 555 . PR IR A AR G0 Hh A B A T2 40 25 BRBOR [0, ol
AL, 2008, 34(6) : 7-10. NI Q, ZHANG Y L. Suspended solids
removal technology in recirculating aquaculture systems[J]. Fishery
Modernization, 2008, 34(6) : 7-10.

[8] skiz bk, Zerram, MM R, 45 . RIIKIA 2R []. VLI I8
PRSI, 2004, 13(3):266-271.  ZHANG Y L, QIN B Q, CHEN
W M, et al. A study on total suspended matter in Lake Taihu[J]. Re-
sources and Environmentin the Yangtze Basin, 2004, 13(3):266-271.

[9] SRR, AL . oK M A 25 2R G ek P W 2 S A BB P ff
[71. K3 K772 g = 4. 2006, 21(2) : 127-130. GUO G L, ZHAO
W. The seston structure and storage of organic carbon pools in freshwa-
ter fish ponds[J]. Journal of Dalian Fisheries University, 2006, 21(2) :
127-130.

[10] CHEN S L, TIMMONS M B, ANESHANSLEY D J, et al. Suspended

solids characteristics from recirculating aquaculture systems and de-

sign implications[J]. Aquaculture, 1993, 112(2/3) : 143-155.

www.daes.org.an




m@g 1150

VRS RSy F43EE5H

[L1] BEMHAZ, W/, R WM s, 45 L B BR /K IR T 72 G0 I AN Ak 07 UKL 1 43 A1
AL, ol BACAE, 2021, 48(2) :22-28.  DUANS S, YANG
C, SONG X F, et al. Distribution of suspended fine particles in recir-
culating aquaculture system[]]. Fishery Modernization, 2021, 48(2) :
22-28.

[12] 0, B b, £Lik, 46 . BT A=W UB it = BR T e W) RO DL BB 521,
BRI, 1999, 20(6) :49-52.  LIR Q, QIAN Y, KONG B, et al.
Research on the removal mechanism of pollutants using biological aer-
ated filtex|J]. Environmental Science, 1999, 20(6) : 49-52.

[13] B AT, SR BObR, Bk, 45 . SO G X 7K P e [T (A J5URE 7 1 25 B4
WS R A% 58 AR, 2015, 31(35) :43-48. CHEN S,
ZHANG C L, ZHANG Y L, et al. Solid particle removal effect of para-
bolic screen filter for aquaculture water[J]. Chinese Agricultural Sci-
ence Bulletin, 2015, 31(35) :43-48.

[14] LIU C F, XU Y, YAN Z S, et al. Particle size distribution and settling
characteristics of solids waste settled in the recirculating aquaculture
system for Japanese flounder culture[J]. Fisheries Modernization,
2009, 36(6) : 1-5.

[15] F 55, 0 e, DRARAT, S5 . [T ACRSOREXT 7K 2 3L 4 e ot PR 45 R 1
B [J). WARPLAK, 2019, 47(5) :50-55. WANG Y, ZENG T, XU
Y X, et al. Effect of solid particles on the erosion wear characteristics
of hydrocyclone[J]]. Fluid Machinery, 2019, 47(5) : 50-55.

[16] FKIE, FIHE, FEIHRE, 55 . ORI S A P e AL Rl 1T
K TR ORI, A0l TAR 4], 2011, 27(2) : 176-181.
ZHANG Z, WANG Q Y, WANG Y G, et al. Effluent purification ef-

P 1%) WHARTY

fect of system in sieve bend combined with four grade biological
cleansing ponds in industrialized mariculture[]]. Transactions of the
Chinese Society of Agricultural Engineering, 2011,27(2):176-181.

[17) ZEUIAR, A HF, IH R, 45 R0 8 fn B R SRR PR hR R
A 2 fRUBURE 0 B9 28R D] Aol T RE 224, 2018, 34(19) £ 202~
207. JIMD,LIJP,YEZY, et al. Removing effect of fine particles
with different sizes by foam fractionator in recirculating aquaculture
system[]]. Transactions of the Chinese Society of Agricultural Engineer-
ing, 2018, 34(19) :202-207.

[18] RUSTEN B, EIKEBROKK B, ULGENES Y, et al. Design and opera-
tions of the Kaldnes moving bed biofilm reactors[J]. Aquacultural En-
gineering, 2000, 34(3):322-331.

[19] BRAMBILLA F, ANTONINI M, CECCUZZI P, et al. Foam fraction-
ation efficiency in particulate matter and heterotrophic bacteria re-
moval from a recirculating seabass (Dicentrarchus labrax) system[]].
Aquacultural Engineering, 2008, 39(1) :37-42.

[20] MCMILLAN J D, WHEATON F W, HOCHHEIMER J N, et al. Pump-
ing effect on particle size in a recirculating aquaculture system|J].
Aquaculture Engineering, 2003, 27(1) : 53-59.

[20] FhRIN . FEFRIR SR I FR ¢ v Ak P UKL 14 934 G LA A% 0K
Ak 3B T () 7K Ab BUCR B ST [D]. B < 1 I I R 2, 2006.
SUN D C. Study on the distribution and transference of suspended sol-
ids and the core water treatment[D]. Shanghai: Shanghai Ocean Uni-

versity, 2006.
(FHLG%E D)



