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RAFTBRIK o HERR LR RERK 30 cmY R 2
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Fig. 1 Map of sampling sites in Haizhou Bay

marine ranching

FE G54 2515 (Ca-P)(F12).
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WG, BB 5 L TR T e 2%
PEHL

WA KT B T

M, = V(Ct — Dt,l)

Aorf, MRS R R K AR A (mg); v
A HLBE B A K R BL(L); Co a2
FEDMAG W JE (mg/L); D,y 1= LN 22000 45 114 552
P BE (mg/L) o

D,=[V="Vo) - Ci+Vo-Co| JV
K, VoM ERCRFEN EEAKEB(L); CoRIE
2 A K P B (mg/L); DR B SEBRYEE .

WA K B B X B
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0.3 g JUARPIFE iy

450 °C THHE 3 h
calcined at 450 °C for 3 h

0.3 g sediment sample

0.3 g ULARPIRE fy

30 mL 3.5mol/LHCI, 7% 16 h
30 mL 3.5mol/L HCl, shake for 16 h

30mL 1mol/LHCl

I

0.3 g sediment sample

0.3 g ULARPIRE fy

&% 16 h
shake for 16 h

30 mL 1 mol/L MgCl,

ERE

0.3 g sediment sample

PR 4 h
shake for 4 h

20 mL

v | 1 mol/L NaOH

residue

¥ 16 h

shake for 16 h

4 mL
TiEH 3.5 mol/L HCI :I
supernatant T 6 Fe/Al-P
stand still 16 h
20 ml
s 1 mol/L HCI
residue ¥ 16 h Ca-P

shake for 16 h
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Fig.2 Extraction prodceduce of phosphorus fractions in sediments
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Fig. 3 Schematic diagram of apparatus of phosphorus
exchange flux at the sediment-water interface

1. water storage tank, 2. water inlet pipe, 3. water intake pipe, 4. temper-
ature control box, 5. potentiometer, 6. propeller, 7. overlying water

sample, 8.perspex tube, 9. sediment samples
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(Mastersizer 2000, Malvern, UK)73#F T £ 2T
YR A AR
13 HW|H/HELE
BASRE G A VO PATRE B AL 3R, s
P3NP AT T S 52 36 48 R (352 22 3 Bl <5%) 4
) % F Excle 2016, SPSS 17.0. Origin 9.0, Arc-
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21 BMNEESFHHREARY. £EBXKEK
B BR7K = B AS IR E

Vg VS TR T 0O R 2 R 2 DU TP v B
H392.44~463.46 pglg, V- ¥k BE R 413.37 pglg,
S S ALK 7] |, CA2>RA2>RA1>
CAI>RA3, BEEEFIEE, TPELKEIN, XK
Ui CA2ES I R 3G, Z NGB mAEK, TP
WeBE Ao o uhi RiRAL. RA2. RA3. CA1RY TPk
JEA A B A ¥ 5), X R X TP B W R T £ il [X
(Kl 4-a),

P ¥E FE 4y 219.21~282 pg/g, V¥ ¥k Ny
253.07 pglg, 5 TPAY61.3%, ETPH FEHE L.,
i JLCA2M PR 2 fe = 1, RA3IRZ, WIRE
S H T AN 1 A B DA A A L v A
5 (& 4-b).

TV T RO R JZ DU EX-PHR B 26,16~
32.142 pglg, VU #27.887 pg/g, CA2fH Ex-P
T A ey, (H S HoA ol fUEx-PRH 22 A K.
AKFEF L, Ex-PRYS3 A CA2>RA1>RA3>RA2>
CAL1, faffE X Ex-PI g B mg AL+ XF B X (Bl 4-c),

)2 VLY i Fe/Al-PHY Ik & 4 18.88~28.97
nglg, “FXJHRE H22.20 pg/g, X4 TPHI5.4%., 7K
FIrm ke, Fe/Al-PHY43Ai A CA2>RA3>RA2>CAL>
RA1, fafifE[X Fe/Al-PHE/NT X BRIX , Fe/Al-PFEZS
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Fig. 4 Spatial distribution of phosphorus concentration in surface sediments of Haizhou Bay marine ranching
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ng/g; Fe/Al-PIY ik BE 1 22.203 fin 1 35.91 pg/g;
Ca-PH ¥k B FH 174.7034 1 £1]207.24 pg/g; OPHY ¥k
J 1 160.3 1384 /111 5] 286.86 ng/g(K16).
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PO WM E, 8 ad UUAY) -7k B 1 o 22 e 44
AN, BHAANEEB TP, TDP, PO & H#
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KiIFR, i RA2. CALRTDPE I K 7&K [h)
DI R, Ul 5 RA2M) TDPAZ # fi o B I 5 o
JHRA2, RAZMPOL R NI A - BKTR,
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W, M A RA3. CAL, CA2REARTLR N, 5%
2hE, SN TPER R I LA K Ui Y
T, W TS CAL, CA2Y) Y v B FH 22 Uk B 4
K, B NRIEZL; 5 siRAL, RA3, CA2ME
FITI0], A o S5 A TDPY 22 1 78 K 1] TR

%, S RAL., CA2AYTDPAZ #fi i A8 k2 B 45
K A PO HRBUN EEK AR YT
B, WS RA2IPO; scHut MU . Bi R4 b,
Wi RAL. CA2MTPE A iE# Jr [n], ol i CA2H
TPAHe L W fe M JRIE s Bl i CA2, Al &Y
TDP. PO iT# 7 AL, ¥k B K iR
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Fig.5 Concentration of different phosphorus forms in overlying water(a) and in pore water(b)
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Fig. 6 Concentration change of different phosphorus forms in surface sediments before and

after simulated experiments
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Fig. 7 Exchange fluxes of TP, TDP and PO 2_ at the

sediment-water interface changing with time

U, W3R8 ha, #uiMMTP, PO ¥ERIN L
KPR RS ; Ul A RAL, CA2 TDPIK
AER T, Rl S RALSN, Hofl i 5 0 TDPY
RN LEOK PRy hiE . BFR120E,
MRA2M TP TR Jr ], R A UURRY) ) -7
KT & uh S TDP, PO ¥R N EAE K
MUY P iR . BiFR24 hg, #4530l TP,
TDP. PO; #B#& T F%%, ¥4 S RA3MITP, TDP,
PO; RIBUASIT R 1), Wi s CAL. CA2H
TDP. PO; M2 TiER 710 .

% i TP, TDP., PO3 78k 22 Ra Kk,
FHOCMERR 22, WOR F T 9 (B 11530 8 v M 3 1 3
WO DU -K BRI TP, TDP, PO} HYACHLE & .
RAL. RA3, CAILHYE T ¥ &b b, ¥
RA2UURWE TP BUk b, i s CA2JR TP it
KRR, TPHY AL e i & 0 [l 7 —0.05~-0.53
mmol/(m*d), TDP 3¢ 4 il & 3L Fl —0.05~-0.53
mmol/(m*-d), PO3~ A58 i & 7 Fl —0.01~-0.15
mmol/(m*-d), 1 FE [X TP 14 32 e il & 0§ /N T X%
FEIX, TDP, PO; V524 i £ s K F X BE X,
SRRIGE, DUBRYRIA BEKA T,

24 SENEEFERATARY-KFETP. TDP,
PO HIXIRIB & RITAYHE
kit — 20 T i M T VR 0 R 2 DT

IR A S Ao B, X i N U i R O R
HKEVHYHTP, 1P, Ex-P. Fe/Al-P. Ca-P. ki
. DO R %) . TOC(H HLER) . Eh(%A bl J5 i
DD IFSCHEIEAT AT .t 221541, Fe/Al-P5 TP,
IPE B EIEMHX, Ca-P5TP, IPE B FIEMX,
Ex-P5 TP, Fe/Al-P&E i 3 1EAH G, i FLAth 8% P
BZ A KPR 2 . Ex-P5Fe/Al-PUWTELE B 1Y

X1 RILATP. TDP, PO ¥ HER
Tab.1 Average exchange flux of TP, TDP, P 027 of different stations

P14 %2 il & /[mmol/(m*-d)] average exchange flux

vk A%/ um VIR R

site particle size sediment type TP TDP POj
RAI 6.595 MWW silty sand -0.53 -0.01 -0.29
RA2 6.458 kRS sandy silt -0.14 -0.15 -0.08
RA3 7.411 MWW silty sand ~0.05 ~0.04 ~0.03
CAl 8.017 WP RES  silty sand -0.22 -0.07 -0.06
CA2 3.996 Wi sandy mud -0.42 -0.03 -0.04

: ERRTP. TDP. PO3™ B EBE/K AV 5 i
Notes:Negative value indicates TP, TDP, PO}~ move from overlying water to sediments
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O, VLI B ROE BFE —E N E R
M Fe/Al-P5 Ca-PAHICHERR 22, XA RE S P 1K
JEARTE ., DOS TP, Fe/Al-PE: W F LM, W5
IP. Ex-PEIFAHE, DORY P28 43 5% i 44 18 A5
B, DU RAR STPE B & A, 5
DU P Ex-PRE MU . TOCH YT Y TPHIEx-P

B REMMEN, SF/AIPE A M, Ui
TOCZ:H4 TP, Ex-PHIFe/Al-PHIHE . TOCH Ca-
PRI JCAH P, X 156 B UC R A vh 11 1E Wl iR 46 mT
REJE 1 T U 9 W 9 6 D8 RN 7 i 40 45 & v
A", Eh'5Fe/Al-P. Ex-PHE W FAHE, Ehf
AR X6 R R 25 I 3 B A A AR R R 5

x2 BNEREMRYSHSHEFEERFHAX ST

Tab.2 Correlation analysis among different fractions of phosphorus in surface sediments of

Haizhou Bay and environmental factors

Hife

TP P Ex-P Fe/Al-P Ca-P o DO TOC Eh
particle size

TP 1 0.424 0.950 0.897" 0.655" -0.979" -0.979" 0.613" 0.472

P 1 0.595 0.688" 0.240" -0.269 —0.769" -0.455 —0.044

Ex-P 1 0.970" 0.713 0911 —-0.611° 0.416" 0.694"

Fe/Al-P 1 0.539 -0.817 -0.817" 0.282" 0.890™

Ca-P 1 —0.740 —0.340 0.435 -0.331

: TRIRTE0.0S/KPORUN) R AHDE: THRIRTE0.O LK ORI | 5 2 AH

Notes:* denotes significant correlation at 0.05 level; **at 0.01 level
3 bk

URR W) v TPV B Rl S W il Vs Je AR B2, ) It
WARIR T A Y R G DU E TR T
BV R = R B DU TPRY Wk B2 i = T
20144 5] TPRYAF 52 45 2R (376.01 pg/g)™, 52016
AE 10 7 PRI A5 A ST 25 R R B[R] . TP/ TPAY
FEILE, AW R H B A AR & AR H P,
Vi PO VS P A S T DX TP AR B i 3 R T il X
PIIPYR B, 31X ] 8 5 oo 3 iRt IS o A9 18 52 F ek
HAEH o Ex-P e 0 W2 5 15 102 W B AE DTRR A Hh )
WYRE FIESR, FIRRIEEY RIE™ . Fe/Al-P
HAR S WG, &5 B g YR,
R W EE bR 2 —, Ca-PH FEAY)
) £ D /= DS A A = T A
OPNTPSIPZ 25, OPJZ VLAY H 5 193 1 %
g5, HIEBHALR &8 R A —E XU .

SEILSERERER S ER K, Kbk
i I TPYR FE 1S i s W W, ol SRA2S AR
BUEH IR AR, 1Pa] 545
B AL G Y ROBE R £, OPAT LA 5 AN [A]
BT A W e e 0 B e B, SCRT REAE 41 30
5, A AR G, TR A B
W RRE o [D I 5 fip AU B e AR S, AR DT AR -
K G T R AR AR R AR U T A5 B
SR 77 A A LS AR, T VS Vi 3 R X
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TP. IP. Ca-PRYVK L & 25 K T X REIX, i Al X
Ex-P. Fe/Al-PHYHk B /N T X5 BRIX

FENEEF240E, SBEIEE G TPLL G FEAL,
HA Pl M A, (5 TPHIS1.40%, TIPSR 2 TPHY
FEIRE . Ex-PIT W EEIR BN, XTHEs
FRL V7 e S A B AR KB Fe/AL-PRT LLUTE B R 5
5 FeO/FeOHIL [F L IE I i, FF7E 0 R &1 T
75 5 \FeO/FeOH T fif W **, 33X A & 5 Fe-PIY 3%
A K. FAEMIE LI, OPREME o Fi o™ L&
LWEMRIE, ARA RS LK, F2
OPT] L) 544k Jy Ex-PAil/u} Fe-PAICa-P,
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Forms and releasing flux of phosphorus in the surface sediments in
Haizhou Bay marine ranching

HUANG Hong', LUONa', ZHANG Shuo>"

(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China;
2. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to understand the impact of Haizhou Bay marine ranching construction on the phosphate
exchange at sediment-water interface, multiple surface sediments, overlying water and interstitial water samples
were collected from the Haizhou Bay ocean ranch area in May 2017. The different forms of phosphorus were
extracted by SMT (Standard Measurement Test), including exchangeable phosphorous (Ex-P), iron-aluminum
bound phosphorous (Fe/Al-P), calcium-bound phosphate (Ca-P), then their amounts were determined. The phos-
phorus exchange flux at the sediment-water interface was estimated under the phosphorus flux simulation incuba-
tion experiment. The results showed that the contents of the total phosphorus (TP), inorganic phosphorus (IP) and
Ca-P in the surface sediments of Haizhou Bay marine ranching ranged from 392.44 to 463.46 ng/g, 219.21 to 282
pg/g and 117.73 to 130.07 pg/g, respectively. The IP was found as the major form of phosphorus. The order of the
contents of different forms of phosphorus was Ca-P> Ex-P> Fe/Al-P. The contents of phosphorus in the control
area were greater than that in the reef area. The concentrations of various forms of phosphorus in the overlying
water were higher than the sediment pore water. Laboratory phosphorus flux simulation experiments showed that
the content of various forms of phosphorus in sediments were higher after the incubation process, and IP still the
main form of phosphorus. The exchange fluxes of TP, TDP, and PO}~ at the sediment-water interface were
estimated at —0.53——0.05 mmol/(m*-d), —0.15——0.01 mmol/(m*d) and —0.03——0.29 mmol/(m’-d),
respectively. The exchange rate was faster at the initial stage of the incubation experiment, and then tended to sta-
bilize. Compared with the control area, the exchange flux of phosphate in the marine ranching was slightly greater,
but both showed the tendency that phosphorus migrate from the overlying water to sediment. It suggests that phos-
phorus in surface sediments acts as a sink of overlying water. These results are expected to provide scientific basis

for the reef construction and restoration projects of Haizhou Bay Marine Ranch.
Key words: marine ranching; sediment-water interface; phosphate; phosphorus forms; exchange flux
Corresponding author: ZHANG Shuo. E-mail: s-zhang@shou.edu.cn

Funding projects: Project of Ministry of Agriculture's Production Conversion and Industry Conversion-Haizhou
Bay National Marine Pasture Demonstration Project in Jiangsu Province (D-8005-18-0188, D8006-16-8060);
National Key Research and Development Program of China (2018YFD0900704); Shanghai Agriculture Applied
Technology Development Program, China (T20180416)

http://www.scxuebao.cn HHE K= %4 E 75 sponsored by China Society of Fisheries


http://www.scxuebao.cn

