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BBV ESEEATEREK, LEATHAMPAIBREATTHEA. EAENLR
IF, IBMFEHBANGEL I, IPHASNEERFEHL; THRY-K R E@TP.
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Fig. 1 Map of sampling sites in Haizhou Bay

Marine Ranching
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Fig.2 Extraction prodceduce of phosphorus fractionss 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.
temperature control box, 5. potentiometer, 6. propeller, 7. overlying

water sample, 8.perspex tube, 9. sediment samples

PL3ASSPATAE - Y E Sy S50 25 R (1R 25 il <5%) 73
9%l Excle 2016, SPSS 17.0., Origin 9.0,
ArcGIS 1028 T 5 Ab B . 2T 5 R 241 o

2 &R
21 BMNEEFRIARERRY. EBKEK
BRI SHESEE

g M VS PR O B 2R Z TR TP & 4
H392.44~463.46 ng/g, V%5 H413.37 png/g,
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SR S IR S BEE K- 5l |, CA2>RA2>RAL>
CAI1>RA3, BEEBFIER, TPELMMK, X
i CA2ES Mg R, 2 NRIE S m K,
TPE EH . ¥ RAL, RA2, RA3. CALW
TPE R N A, RIRIX TP & H s K T
fitt X (Kl 4-a),

IPHY & 219.21~282 pgl/g, FHEEN
253.07 ng/g, &G TPI61.3%, TP FEELE,
Wi S CA2IIP & RE L2 B = 1, RA3IRZ, Wfig
& FAMEBE A R AR SR K A
5 (& 4-b).

T M VS VRO R Z DT Ex-PR 26.16~
32.142 pg/g, “F¥&5827.887 ng/g. CA2MEx-
PRy & R e, (RS M S Ex-PAH 22 R
Ko KFIra L, Ex-PAYSAi i CA2>RAI>RA3>
RA2>CA1, faffE X Ex-PAHY & & BgAK T xf I8 X
(El4-c).

KIZVURY) FFe/Al-PH & & 4 18.88~28.97
ug/g, I 2220 pg/g, 15 TPHIS.4%. 7K
O L, Fe/Al-PHY 4y CA2>RA3>RA2>
CA1>RA1, faffE[X Fe/Al-PHg/NTXFHEIX, Fe/Al-
PTEZS (B 734 b 5 Ex-PEA B & 1 — 2t (514-d)

Ca-PH LR TIP, FEFE117.73~130.07
ng/gz ], F¥& & A 123.90 pg/g, XX Ca-
P& B R Ak 25, WA T R AJ0E
Bl B R W NS AR R T AR 2, S Al ) 3%
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it )\?@ﬁﬂz“” S5 5 CA2 Ca-PHY R B 25 K

HoAth o 45 (K] 4-e)

TN TSR 4 S OPF 22 ik, H
HOM121.27~191.93 pg/g, P45 50160313 pg/g.
OPHY & 5 B /K R K SR 58 IR 5340 R RO O,
1M OPTE %5 [H] 43 A S5 IPAH L, % IR X 5 if X AH
2R R (E4-0).

KT b, NS R KA IE A
VR BE TR P O S 5 0 St S U T 3 3 Y
%, wKMEHMERAL, F/MEHIERA2,
/KHTP, TDP, PO3 M 4l J20.051~0.323
0.041~0.257. 0.016~0.158 mg/L, [a] /K TP,

0.266. 0.004~0.123 mg/L. % /K40l 5 TP
RAI1>CA2>RA2>CA1>RA3, [a]B/K TP 4 hy
RA1>CA2>RA2>CA1>RA3(#5).

BEERMSEATE MR P BESTEN

224 Wi FRIG , 45U TP X9k B
413.38 pg/gHihn#1590.33 pg/g; IPHIFE 4 HR
253.07 ng/gh In%1303.47 pg/g; Ex-PHIME
27.88 pg/gi in3132.01 png/g; Fe/Al-PHYUE JE
22.20 pg/gHamF35.91 ug/g; Ca-Py¥EE 1174.70
ng/gHE M E207.24 pg/g; OPHY M 111160.31
ug/gh fin £286.86 pg/g(K16).
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Fig. 4 Spatial distribution of phosphorus concentration in surface sediments of Haizhou Bay marine ranching
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2.3 BNEEFRUAIM IR -K K A T iR LEOKIMUTTRER, B Ui ACAL. CA2PI
ESXHBEE WM ZEWR B K, KB AREL; B RAL,

R A5 4SS 400 52 30 AN ] B[] B U A% 9 TP . TDP
PO, AYM S, it ORI /K B i i 52 e i 34
AR, BHAAEEBR TP, TDP, PO 28
B, mETA, B3R, Fuli S TPER I N
DU 1) LA RS, il 5 CA2 TPAS He fie A
B WiARAL, RA3. CA2MYTDPR I NI
W KT, B RA2. CAIYTDPEM N I
BRI TR, ol s RA2(% TDPAE 4 5 iy W]
i 3EHRA2, RA3HY. PO RIUNUUEY A I
BOKITR, ¥iMRAL, CAl, CA2 Y. PO %
MR K PTRYER, Horhuh A RA2M
PO 2t AW, Tk RA3. CAl, CA2ME
ARICNE . ¥EFR2 hg, 25 ul S TPER R I

TP
0.3 || (M TDP
Hl PO;
—~ g
2.8
28 02 |
o
%5
0.1
ol 1 |
RAl RA2 RA3 CAl CA2
(a)
5

RA3. CA2HEIERE i), B A ulh s (W TDP 2
LEAKmPURYITR, WA RAL, CA2HJTDPAE
B2 SR FuAMPoy MR L
BOKUUBRYIER , W ERA2M0PO; S Hide N
Wi, KiFRa s, wifiRAL, CA2M TP T #%
D), il sCA2Y TPAS i S by fie M R BN 5 B it
CA2, HAbulififYTDP, PO TR AL,
S EEOK PR Y h i %, Huh SCA2(9TDP,
PO; zc#ed ARIZL . Hi3R8 hn, Ul mITP,
PO I RH N LB KBTS P T Uhs
RA1. CA2(TDPAL i %% Jr 1), [k 3l o
RA14L, HoAlsh 5 A9 TDPI) 2 30 - 78 K i TR
YT, HFR12 05, SiSRA2M TP T
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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 simlated experiments
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Fig. 7 Exchange fluxes of TP. TDP and P 02_ at the

sediment-water interface amount with time

i, RBATURY M LK 4055
TDP. PO ¥ EB N LB KM IURY T .
K24 h)n, S uli S ATP, TDP, PO; 4B
T¥2%, wiSiRAZHITP, TDP, PO FE Iy
MARIE RS Ty W, T L CAL, CA2MYTDP., PO;~
W AR TR I 1)

&yl S ETP. TDP., PO3 fk 25 H K,
FHOCPER 2%, ER UM, BeR HE A
T4 H TN VS R BB DR K BLE TP, TDP
PO} Myzs i £ (K17). RAL, RA3. CAIULH
J&F IR, WERA2VUEY R TR,
Wi CA2JE TR IR Je 25 B (£ 1), TP 3¢ 4 il it
78 FEl £ —0.05~—0.53 mmol/(m?-d), TDP) 3 # i &
5 1 —0.05~—0.53 mmol/(m*-d), PO~ {22 #eim &
B H—0.01~—0.15 mmol/(m*-d)., fafE X TPF58
PRI/ T X R X, TDP, PO XA il
SR TR, SRRHNE, IR RA
R B KA,

2.4 HNEEFERIAARY-KFETP.
TDP, PO} M HIBE RITHIFE
R iE— 20T i i M YV O 3R R DU

L S R i B, SN RN E S
KIZVIFYHTP, IP, Ex-P, Fe/Al-P, Ca-P. Ki
1% . DO(# i %8) . TOC(H #Lk) . Eh(%Afbid 7 L
PO AH M AT BT . K218 1, Fe/Al-P5
TP, IPE W FFAMAK, Ca-PSTP, IPE W EIFM
X, #E—H U Ca-PZ VLY HIPH) EEIES,
X5 EHEFPIRERAEF S . Ex-PSTP,
Fe/Al-P& i 3 IEAHOC, 17 H A B L 28 Z [A]AH ¢
P# 2% . Ex-P5Fe/Al-PWAFAE ] WA A M, 14
W3k W A B SR TE — E L C R . T Fe/Al-

*1 RIATP. TDP, PO THIXHREE
Tab.1 Average exchange flux of TP. TDP. P 02_ of different stations

- H9%8 it B/ [mmol*/(m’-d) |

i R LA/ um YRR

site particle size sediment type TP TDP PO
RAI 6.595 M TR Silty sand -0.53 -0.01 -0.29
RA2 6.458 WP AHS  sandy silt -0.14 -0.15 -0.08
RA3 7.411 SRR Silty sand -0.05 —0.04 -0.03
CAl 8.017 SRR Silty sand -0.22 -0.07 -0.06
CA2 3.996 b  Sand mud —-0.42 -0.03 -0.04

TE: IE{HFRTP. TDP. PO3~ miyiA#m R /KT7 LR, GUEFRR LK Gy m L% .

Notes:

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

http://www.scxuebao.cn


http://www.scxuebao.cn

954 KopE o R 44 45

P5Ca-PHISCHERR 25, X Al BE5 W& MR IR AR,
DO TP, Fe/Al-PE W EFM KM, MSIP. Bx-
PR IEAHIE, DOMMAS 2 52 M 25 T8 & w5 1L .
DUk 12 5 TP I 3 Tkl oe e, S Ui
Ex-PE MM, TOCH UL Y TPHIEx-PE I %
XM, H5Fe/AI-PREGAHXHE, Ui TOCS M

TP. Ex-PHIFe/Al-PH & . TOCH Ca-PZ [H] FCAH
Ktk , X ULBH DU Y () IE B ER R AT BE 2 T
DU P B3 W S R G 25 A 3 R e,
Eh5Fe/Al-P. Ex-PE I % IEAHC, EhfY e As X)
PRI S TR 5 AL AR K B2

x2 BNEREMRYSHSHEFEERFHAX ST

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

Haizhou Bay and environmental factors

iR
TP P Ex-P Fe/Al-P Ca-P . 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 -0.911" —-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
W TRIRTE0.0S/KFORUN) R E DG, THRIRFE0.O KRN A,
Notes:
3 i TP, IP. Ca-PRYHREE i 3 K TXIRAIX, i fa kX

DU T TP it BB S WLl s e FE B[R] Bt
WA R T WA R G DU E TR L T
iR EERIZTORY TP & &g & T
20144E5 A TP MF R A5 42 (376.01 ng/g)™”, 5
2016410 H PURT A5 B AfF 5% 25 R KB R . TPj2
TP F B, AWt H ELAA R e iR PER,
VDM VS VA A %ot B IX R TP it I 35 K T X
MIIP L, X ] g5 A RO I 5 Y 18 5 R ek
HAEH o Ex-Pr2 il iR £k 1 42 W BT AE DU RR A Hh
W LIRS, TR IR R, Fe/AL-P
HAMmmEE, S5 BB A%AEwR A,
AN EZEIrZ —, Ca-PH EZAEY
BRI A AL, AR AR 2 Y, UL
OPNTPHIPZ 2, OPZ UL Y rh 8 21 1 14 Ak
gy, HAEBHALT & BRI EA — 2 R .

KWL A G R B W R, o 4%
Ui P TPIR FE XS BB o I, o R RA2ES WP
BUER BN R, AR ERP, PS5
BBk BRGNP R L, OPFI 5 L)
AT BB AR W B A R B R B . IR T BE AR 4R
G, MRS EN I, SRIRY " vk
W o TD s e S B R AR R, (AR TR ) -
TR ST B S AR S AR A R, R A TR
AWEIA] P A B AR il N VS T T A3 i IX
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Ex-P. Fe/Al-PHYHk B /N T X5 BRIX

FENEEFR24 05, FEIEE G TPLLGI AR,
Hopi MR, HTPAYS1.40%, TIPSR ZETPHY
FEIRE . Ex-PET I ELBIR BN, X fgs
B ) V7 i S A P 19 A= K P71 Fe/AL-PHAT DL ZE B R h
5 FeO/FeOHIL M UTIE TR L, IFAEIR R 5414 T
75 5 \FeO/FeOH i W **), 3X 7] G 5 Fe-PI1 3%
A&, HAMREH, OPREM i Fo fLi&
LHEMAIE, ESRABRE LEK T, 2
OPT] L) 544k Jy Ex-PAil/u} Fe-PAICa-P,

T MV T 0 A2 2R 1A B OK 2 BT R O
R SIS UE s A Mg, X ie s
Rl U575 Gy A R AR A A A OC, W B EAK S
[) Bt 7K 22 B0 AH S A B0 o 8] BROK B9 TP 43 A1 5 0L
B TPREBCERL, BLHIWEZ UG, X —45
REFEBUIRRBOER . 4 5 sl EAEKTP .,
PO, W35 e B K TR BROK , A7 76— 22 Bk 3
2%, AmMUIRYIERE A AIRE, I TDPRYF- XUk B
/N F IRl BRK . B K 5RIBUK TP, PO 47
E—EME2ZE, AEBWTEE, M TDPAH
o MR AR SURY R PIE S AL
W JE LA 25 5% . Zhang" W BTFE R, Fe(OH)x
XoT T ) WAL o i W2 A ] 25 302 1] Bt 7K H PO, -P I
BE, MR M TR ) - /K L TR PO,-P R 38

VI VS Ve VRO DU K BL TR TP, TDP
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nutrients at sediment-seawater interface in marine
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Fractions and release of phosphorus in the surface sediments from
Haizhou Bay marine ranching
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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 pasture construction on the phosphate
exchange at sediment-water interface, multiple surface sediments, overlying water and pore water samples were
collected from the Haizhou Bay ocean ranch district 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
phosphorus exchange flux at the sediment-water interface was estimated under the phosphorus flux simulation
incubation 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 pastureland were ranged from 392.44 to 463.46
png/g, 117.73 to 130.07 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 POff at the
sediment-water interface were estimated as —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 stabilize. Compared with the control area, the exchange flux of phosphate in the
marine pastureland was slightly larger, but both showed the tendency that phosphorus migrate from the overlying
water to sediment. It suggests that phosphorus in surface sediments act 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.
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