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1.1 WFR X

R 1L 5 Y ek B BT MV ) AR s Ve VD I S B
T, R R TR Ve VD 17 R e E i
R 1 b B A7 5 O L I K BRI R, AT L
FEAG e IR BT AR LA B R Ab, FEA R 350 m, Fifids
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TE RIS AN, AR T A K IR B M T R T e
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AW R A WL R R I E DRSS E 3 & (il 1
Fim) . UIFESEE A, B, C AT EZ Pk &k
FE~RLAR 3 A B B T B 285 A S5 T PR R 1 S 2 B B AR L
R PEfRom, UIRESEE B T-WF 50 B R A 1 T
WA, PUEREE A B C W48 10, 20, 30 cm,
FH N (AR AR 23 3 7854 314.0 LLJ% 706.5 cm?, fEifE N
200 ecm Ciy DLHEKFRFA S YR K PTHE B KIRZI A 200 cm)
EVIER BIGT A OHFALIFEE 1 AN 1 om. KEE
4 20 em FIA MLBEEANA, o B35 10 om 7EDTME2E E
PR, TR 2 B R EE 10 cm Kb HI/KREHLIT R HE
MM . UEAh, TEUIRESEE B AMEEMN EE FEE 3 AN
FELT, HFE BRI RIDIREESR, ST E R
BB 438 110, 60+ 10 cm.
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Fig.1 Schematic diagram of settling apparatus
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W Z /N RIE I N R E KB YI A ol BURE
BN, FKFER 2 S s e i dk . RISk 1~3
HH TR I T2k )8 PR R T (R B, WS SR ERCRE 11 X
FE 150 mL, F 005301 i 2 /K AR A2 20 A7 AE IR B
Har BTt P2 B B AT UL ROR R . R IR 4K 4
o, BR T DTRESEE B IR ERECRE O EURE 150 mL 4F, &
FEMBE 3 ANEURE D ALEURE 50 mL (B 1EEUREE %2, S8
M RFEBE) , B TIOR3 B PN A ()% B3 3] T 7K A4k
WBETFI R AR, M B RERE . A
TORETEDURERIGI B, DUk B N BIFYIRE Lo
sy, WHT N TaRaddKes. Ked, JiEEE
T = FE R EFTE 160 cm, /KFRIRFEREELE 25 ChEA,
EURERTE] ¢ OREGFFUETY 04 7. 150 220 30, 45. 60.
120. 240. 360. 540. 720. 960. 1200, 1440 min.
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0.000 1 g.

fi] A7 Ak V7 SOURT A O VR FE T 5 = 7E 45 CHEF1E R
BB 4EENE (FL4% 0.45 um, 42 47 mm) Fi&E N
Wy(mg), ZIEMEHEARFA ML)RIKEE)S, 7545 CHT
6h, AHGFREN Wy(mg), & HMEBIIER N AW(mg),
s N2 H BRI R R IR

p=(W, -W,—AW)/V (D

Forpras 9 IE IR IEE AW B V5T 2

AW =S (W, ~,) @
A w, i e e A PERE IR, mg; W, N R
FUEE &, mg; n N AR IETEBEAEL

R RFRIAR 3 AT . Bettersize2000 IOGHEAL,
A 2% &G FE 0.02~2000 um, MR IRZENT 1%,
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FFEERIRE. BRNE SIZNER, R g E Kk
TR TE SRR AT, A T S G AB T 2 5P
R EE A VR P WA VR P800 i B B R R T A R
1.5.1 BrAEIRIRIEIT AR,

A BFY P ERARIILE 10 um 4, JE8T
FETEANBURLE YD VOlE, XA AR e ) (d<0.1 mm,
R.<0.50) , HrFErii A it AR
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24v\ ¥
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o =(0,C, +0,C, +0,C,)(C,+C, +C,) (6)

C =WC, +h,C, +,Cy)/(h +h, +h) 7
Ao C AT IESR B KR INBCE ¥, mg/L; C), G,
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DUBERE B N KRB E S RE A 56 A —80 - 7 3
RT3 MEEECN TR DI SE B ARSI RERRE
SN N RIF ORI IREE, VAIGE 4 HiRI%EE B WINE
TFEVIVIREIREE 73 5 206.7. 260.7. 234.0 Al 250.0 mg/L,
FHN (IR IRAE R AT Doy “FIME /37N 20.727+

21.147. 25.482 A1 45.800 um. B AR 4 41K 56 ilr BUK BE
BRI LA 2250, AFRLAR 53 A7 5= A Ab 75 4 b biL 2
Vi LA
2.2 BIFFRYRERE STMERNEXE
—ME, Kb BEFEWRIUETT SN 2 e —
PR RLARBOR B RRL, AR AR LR R SR, It Feod
FERUR: —MR BAR<30 pum MIRRL, B TEVIER &5
KA R AR 2 A, AR AR Oy R . s
24 S S OV AT IR 1 K DT R M AT T R AT
FHIBEE SV ERARE, HRRTTREIE, KRBT L3
N3 FANEIE BT IR B, e KA A B ROk
T 0.0046~10.6 kg/m® I}, HFE VIR, JTIE
b LA 7 SRUCRE, kT ZBEDT R B A ST FE ) 7K
R AL TP B IR 1~3 b, 3 MUTRRRE E N
AT JE S A2 e UKL A7) ot B R FEE i 9 o I 1) A A 155 5 ]
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x1 79 BMERE P RIFOVNERES ZR I HHZE
Table 1 Initial suspended solids concentration and accumulating
particle size of settlement experiments from Jul. to Sep.

e VUHERE BRI REBUATRLA
HIR Settling Suspended sohds Accumulating particle size/um
Case apparatus concentra_tllon/ Dio Dso Do
(mg'L™)
A 216 2.782 10.026 20.710
| B 198 2515 11.890 21.450
C 206 2.609 9.038 20.020
¥IE 206.7£7.4 2.635+0.111 10.318+1.18220.727+0.584
A 260 3.134 11.720 22.850
) B 248 2.603 9.013 20.730
C 274 2.663 8.898 19.860
BIE 260.7£10.6 2.800+0.237 9.877+1.304 21.147+1.256
A 244 3.339 11.410 24.930
3 B 226 2.874 10.313 25.205
C 232 3.047 10.580 26.310
SoliEl 234.0+7.5  3.087+0.192 10.768+0.46725.482+0.596
4 B 250 3.067 16.920 45.800

T¥: Dios Dsov Doo 3 H RBVRIFE P ATIEE] 10%- 50%- 90%IN T 3of FE )
KA2ME, TR

Note: The particle size when the accumulating particle volume reaches 10%-
50%- 90% is referred to as Dy, Dso, Doo. The same as below.
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Fig.2 Variation of suspended particle solids concentration with settling time
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H T EIT . fERT 22 min PN, B IFYIRERE
B[] 2R A8k, X2 BRI RE T B35 (1 KRR B V74
PUE NS BRI 2Rk . 22 min J5EFIRE H
PR BT, 40 min B IF IR LR E Z WG ERTE .
ZJa, HT/NSRIMERETIR, FIZREIZRE %,
HYGEA /N, 6~9 h J5BEIFYIIRE RNV E 1] 40%
LR, 12 h Ja Bk S B A FRAL, HERErE 50~
60 mg/Lo XU, T AU 8 i R R A A
TEMSRLTE R, A BRI I iR AR M 78 A B 25
2.3 EBEFNYRNESHTTHSINENERNAR
PLEE 3 IRPLFFRIGEEE C HHKFEA, 7E 04 7+ 360
1 440 min FEFEBURL Y R AR AR AR 2 s
FR 2 FRIRMEREMEZF RS HREE

Table 2 Accumulating particle size of suspended solids settling
for different settling time

VRS R AT RIAR{E Accumulating particle size/um
Settling time/min Dio Dso Do
0 3.047 10.580 26.310
7 3.386 12.060 34.540
360 2.627 7.204 10.280
1440 2.117 5431 8.074

mk 2 fon, EVREYIE, 10K)ZE BT B % I
RO RARE S I KBS, X554 EE KRR
DI K. DR 6 h g, KR Doo B /NT- U1 FEAT A
Dso 8, XU HiE KT 10 um BIFPIHTRE5E R -
WRIEARX (3D, KRN 10 um KBRS, HITHEERN
0.007 cm/s, FEEVIFERIKZT 6 h, Sikiessi R —F.
2.4 BEFRNYTBEERITE

PLZE 4 ARG, piREsEE B . FERED
BIFMIRE SRR WK 3 . BEASH)Z L
IKAR B I W BE B VT PRI TR ) 2 R e %h, N R KRR
AR SR 3 Ak — . AFPE, HTH 4 K
IS Dson Doo TR, T BCUTREAIHA K IURL BT
R, G TEWRE SR, WEFBFEN B E
o B DURERT [ )38 0, DURESE B &AL B B IF IR
FEZE TN /N o N T I FEUT R B R0 A 2 S P B R I T
MR AT, FAlfE2h BEL 4h iy FE. 6 h NEM
24h by oy R 3 EECRE, HORIAR S WK 3.

285,
235" o |- JZ/KFf Upper layer water sample
S/ fe a 12K FEMiddle layer water sample
s1ssp . o [ )Z/KFfLower layer water sample
= A
135 .
Sy
. .
= T S .
‘ 3 .
® ‘ . ° d .
35 L L ? 4 4
4 8 12 16 20 24
I 1) Time/h

A3 REKEAET BN Z LTS R 240
Fig.3 Variation of suspended solid concentration with settling
time in different layers

x3 F4HENBEREPAEIRIERE. KEHEZFHNRITH
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Table 3 Accumulating particle size in the fourth experiment at
different settling time and layers

it ] HURE 2 N f%ilﬂ:\_éj\iﬁ 7%&;13 /
Time/h Sampling ccumulating particle size/um
layer Dy Ds Dy
2 L2 1.669 6.964 16.910
4 F 2 1.589 6.832 18.430
T2 1.812 8.770 27.600
6 TE 1.681 5.015 10.470
L2 2.697 3.199 3.738
24 frZ 1.180 2.521 4.804
T2 1.929 3.201 4951

SER3IEGR VHIETUER, W20 G, BEK
1A Doo [AHERIUEIRAS Dso (B, X UL FJZ /KA R FOR B
DR 5 4h G, FE KK ER 5 KRB 4 5
BT, RN EKAATIIR T B B 2 KRR TR, 3 Dy
{53230 30 um; 6 h J5, FJZKAE Dog 1H A 10.470 m H./N
T 16.910 um, B RFIZEFWIFETE; 24h)5, 32
IKAR R o A ¥ 5], BRI R R e 7R 40 ~
55 mg/L.

FLUR, a0 T R 2 N AN R K 2 BRI b
B[R] (AR A, T LA B R K PR Ak 8 5 40 () B 3 %
TR RN, TERIFVIRERUTER AL B E T
R, ORI EE IR B W VA S DU, R AR T R A T
WHEN 30 min. 30 min J5, JiFFEEBFYEYGES
I [A] 5C 2 LI 4.
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<

5 0.0011
< 0

ettling velocity/(cm-s™)
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Fig.4 Relationship between average settling velocity and
settling time

Lia R 3 MK 4 ATRURIL: &Pt BT LA
KBRLEFEY N, UIRRERBOR: Ja ] 12/ Nk
B, UiREEARRNE: 6 h FUTREE RS, Bk
FERVRLAR 53 A0 AR A 2 B A KRR g . Rltk, ik
H0.001~0.01 co/s 1F I BOAE L T iEEISK AR B4
R HE VTR 2T o PR A5 PR I 0 R I 0 (1) 8 R
RRAERT RN, RPN TR 2R R R AT &
Logistic 14k, fEULIEAL b, #4554 X501yl
o HEIFYIRE C #HATIELMME, Wi 5 fox, Hek
EEaw

@=0.0117 /(1+exp(—28.844C +5.1)) , R*=0.967 (8)
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Fig.5 Relationship between suspended solid concentration and
average settling velocity
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Experimental study on settling characteristics of suspended solids in
seawater of nearshore in Zhoushan of China

Gui Fukun?, Fang Shuai', Qu Xiaoyu?, Zhang Qingjing®, Zhang Xuefen®, Feng Dejun**
(1. National Engineering Research Center for Marine Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China;
2. School of Fishery, Zhejiang Ocean University, Zhoushan 316022, China;
3. Beijing Key Laboratory of Fishery Biotechnology, Beijing Fisheries Research Institute, Beijing 100068, China)

Abstract: The industrial aquaculture has been widely applied all around the word for its obvious benefits of eco-friendly,
water-saving and good welfare conditions due to the excellent use of technology to manage aquaculture environments
effectively. Water quality management, mainly composed of sedimentation, filtration, biological purification, oxygenation,
temperature regulation and sterilization, is of vital importance to the aquaculture. Generally, sedimentation can be applied to
deal with the water before the influence into the aquaculture tank and that after the effluent from the aquaculture tank. Most of
the previous studies focused on the settling characteristics of suspended solid in the waste water from the aquaculture tank.
However, few attentions are paid to that in the source of water, resulting in limited knowledge on the determination of the
appropriate time required for solid sedimentation. In this study, settling characteristics and size distribution of the SS
(suspended solid) in the nearshore seawater of Changzhi island, Zhoushan have been investigated by carrying out four
hydrostatic settling experiments. In addition, settling apparatus with different diameters have been developed to examine the
effect of apparatus diameter on the settling characteristics. Stokes equation and Mclaughlin method have been applied to
calculate the settling velocity in the fourth hydrostatic settling experiments. The results show that the accumulating particle
size Dy, (the accumulating particle volume reaches to 90%) of suspended solids in the seawater of Changzhi island is around
45.800 um, indicating that the suspended solids are mainly composed of silts. The mass concentration of suspended solids
increases sharply with time in the first 22 min due to the quick settlement of large particles, and recoveries to the initial level
after 40 min. And it continues to decreases due to the flocculating settling of small particles and reaches the level less than
40% of that in the initial samples 6-9 h later. During the final stage, it decreases slightly, stabilizing at the level of 50-60 mg/L
after 12 h. Thus, the settling characteristics demonstrates that it is difficult to completely remove the suspended solids in
seawater by increasing settling time and other water management strategy also should be employed. The comparisons of
settling characteristics among three purpose-designed settling apparatus show that the effect of apparatus diameter can be
ignored in this study. As for the settling velocity, it reaches the maximum value of near 0.01 cm/s in the early stage because of
the similar reason that the large particles settle first as in the concentration analysis. In the later stage, the settling velocity
decreases rapidly and becomes less than 0.001 cm/s after 6 h. Moreover, the settling velocity and concentration has been fitted
in a Logistic model and the fitting equation has been obtained. The results can enrich the understanding of the settling
characteristics in the source water for industrial aquaculture in Zhoushan island and provide scientific guidance on how to set
up appropriate setting time for source water in settling tank.

Keywords: aquaculture; particle size; suspended solids concentration; hydrostatic settling; settling velocity



