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Abstract: Forms and bioavailability of phosphorus in the sediments of eight sampling sites from Sungo Bay were analyzed by means of sequential
extraction method (SEDEXD. Results showed that: (DThe main form of total phosphorus (TP) in sediments was inorganic phosphorus (IP),
which accounted for 73.33% and organic phosphorus ( OP) was only the minor part. @ Among different forms of inorganic phosphorus,
calciumphosphorus ( Ca-P) was the dominant forms, accounted for 45.22% of total phosphorus while organic phosphorus, adsorbed-
phosphorus (Ads-P), iron-phosphorus (Fe-P) and detritus-phosphorus (Detr-P) was 26.67% > 9.92%» 4.74% and 13.46% respectively.
@The correlation analysis among different phosphorus forms suggested that the concentrations and distribution of total phosphorus were mainly
controlled by organic phosphorus ( p < 0.05), while inorganic phosphorus was affected by calcium-phosphorus (p < 0.01). @ Bioavailable
phosphorus in sediments ranged from 358.05 pg/g to 448.39 pg/g and occupied 86.54% of the total phosphorus pool.

Key words: sediments; phosphorous; forms; bioavailability; Sungo Bay

VIR B R E RSB ESORIL FR R RN, B BRI 2 B 25 Ok 453

PR CH R, T A AR T SR T R
P RE ORI PR A S ER A 24T 0 T T e 7 K Rt
I, GERRI], KA K B RE N DU ) IF AN i
PRI HERN 75 T8 FROREE HOTEA 0 T i 7K A SR 3
BB 2 A W) S ) 25 e A R R AR
R A W5 O AN R A 2T 00 L A (1 14 i e
I3, B FCR BLUTAR Y vh RE S 15 Bt A2 e S A= mT A
FIWE 5 B R T W AR DR h A7 AE I A 27 2 X
CUFRIERALZEATD , AN [ TE 25 10 R JRCRE T 22 31 42
K, BATTH AT AN R M Bk Ak 2% AT O FAE 0
PR =8 ZEVEAR OB 1 s 7E R W A ) LA SRR IO
(7] T A5 RIS 58 288 26K 0 ) ) P 55 7 1 AT 5 T
MR A S — i BB S 2R
SO ST B A I T ARV AL, 2 S B 1)
KA TS 18 A 378 1) 7K B SR AR 0 B i e

PR H BT B 0 A e e i
S

FVR VAL T I AR B 2R i (37°017 ~ 37°09” N,
122°24" ~ 122°35'E), & >F 3 PV, Jb VG /e =1
M BEHBIAHL, ¥ IR, 198 11.5 kms V5 N B THIFRZY
133 km® , "R 7KIR 7 ~ 8 m, A L5 B /K= 5%
AR IX A7 D X S R v B R SR I B = oy
A B ) 2 e DURR - K FETHES 5% £ 19 HOE
CURFRIE"S 187, (H K SURIF 5T #8236 7 77 2 B
(R 5 S A0 LA B8 (1) A TR 2 T A5 9 (R AR T . AR

Y5 B #A: 2007-01-31; 1&17 H #A: 2007-06-18

HE&TE - [F 5 E AU 70R B LRI (973) I H (2006CB400608) s
K R AR SR JE TR (863) 0 H (2006AA100304)

TEH BN HIAR 1978 ~ O, B, WA, EZRF ST W o4 R
A%, E-mail: jiangzj @ ysfri . ac. cn

% JEIRIER A, E-mail: fangjg@ ysfri. ac. cn



2784 7N 53

F} 2% 28 &

W LA AVE R SZ DU A IETOR 5, M HE L5 X
VECSEDEXOM f 227 75 3 A DU D i A IR A7 T 75
LIS AR AEREAT T o0 b, DAISRAS S0 i DO S5
S TR YR R IOAT 0 R AL DURR - 7K S T (1
AZHMUH S e IR A A B R AL 2T N

1 #MR57AE

1.1 Ff e R S Tisk 2

2006-11 7EZIVAEAT R T 8 MU KAE RiC
D, A R Ve RS R ERZ 0~ 5 em) VT
Wy, B E T3 A8, ST VR T KR R A
VAT [P SE G = R A R AR AT

L S50 5 AR SR RV A) R LR R TR A
o 60°C KT, BFEE JE i 80 H i, RUZE BHAE T
ORI s H

N 122°26' 122°30° 122°34' 122°38'B
38°0' T LT
Y
, 3
37°8'| 0,
J Q
og! 5
37°6'|- Qs Mo
RV
37°4'1 ’ 0,
07
o]
37°2' | g

El1 BAEBRRRHES
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Table 1~ Concentrations of different phosphorous forms in surface sediments from Sungo Bay/pg*g™"
bIEA L A LI TEHLIE AT e BRah G A 4 T 1
1 412.99 131.76 281.22 42.64 20.93 162.72 54.94
2 435.31 103.07 332.24 53.89 18.31 199.87 60.17
3 465.31 144.32 320.99 38.46 15.70 211.90 54.94
4 430.43 103.42 327.00 46.57 18.31 204.57 57.55
5 434.61 115.19 319.42 38.19 28.78 192.28 60.17
6 426.94 99.93 327.00 40.29 26.16 205.62 54.94
7 508.56 167.43 341.13 52.06 23.54 205.36 60.17
8 434.61 86.42 348.19 39.50 15.70 219.75 73.25
T 443.59+30.02 118.94+26.95 324.65+20.08 43.95+6.21 20.93+4.84  200.26+17.16 59.51+6.05
o R Y LB 9% 100 26.67 73.33 9.92 4.74 45.22 13.46
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Fig.2 Horizontal distributions of different phosphorous forms of surface sediments in Sungo Bay
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Table 2 Correlation coefficients among different phosphorous forms of sediments in Sungo Bay (n =8)

IE A TP opP P Ads-P Fe-P Ca-P Detr-P
TP 1.000 0.757" 0.479 0.371 0.002 0.412 0.040
oP 1.000 -0.211 0.234 0.128 -0.218 -0.425
P 1.000 0.240 -0.170 0.909" * 0.630
Ads-P 1.000 -0.115 -0.035 -0.039
Fe-P 1.000 -0.334 -0.300
Ca-P 1.000 0.483
Detr-P 1.000

1) % Fom BFAHRNEIKF p<0.05: % » Rom BFAMHRMIKF p<0.01

3 iR

3.1 BHEERNIERES

DU PR (TS A0 AT ST UG T 3 2 5 A
ARVAIFFE L0 = 38 v 98 1) 2% b T 2 S AT B R
R G T Bk B 43 5 SR U 3 T g iR
UTAEA, BEAE A= R AL 2T IR R N, 10T 27 1 3l
BRAL A7 ZOR R B 20 B T VR SN DT P e
BTN LA SCE | Ab 2% 3 S 4R 0 H B it ARy
A T AR 5T v ot o 2 e B ARLA) 7 9020, I B A
ot e SR AN 1] 28 2 1) 326 96 P 5 B )38 88 i 0 T AR
VUAE o BEAT S BB, AR 0 8- 5 B2 BB 2 s W98 110 3 [ 4
I L OB Pt RO RE TECE 0 . AR s 32 DR 1 b AT
SR S ANTR], A 57 38 S5 U AR IR O
MRZ 775, W1 Hietjes 2542 H 1 4 25 1% B4 UL
De Groot 25111 3 251 L Olila 25 119 5 2575 Jensen
2510 5 B Ruttenberg £& tH (£ X E DT P 1)
SEDEX 2B A= 45000 e 1 1 45 ok i)
SEAR I S S A 9T 45 L Ruttenberg 1) 77 V5
YR H DX T A 1 s Tl 0 ) A4 5 5 i I T 25 0
B IFREAT T VRGN B 7 AR AR, HAR UL R 5
THRAE, BUBGE G FTDORRA) b B ) 2R ) M ik Al 27
174 PR, ARBIF TR FZ T E R T S AT 7355
3.2 AFEJEABERAEH] SR

VORI e (R LATC WL AN AT HLIE 2 KR A

75 AR SEDEX 72X #1245 19 73 25, To WL ) 47 A
HE 2L R LA 200 D Al Al BR 45 5 s A AT
25 Er WRATRY g 6T IR DR, SRR DT
P& 0 73 AT RFAEAVESZ L T ER 1 27 79 S
P, iy HL v A A b Bl SRR AR 3 R A R
SEN DA OG BRI R A BR 7ok A TARMEIG K R
I R KA RIS Gedh, bk A TR IX N A2 DL
RVBRIBCT T, AU R, TR A, X LE Y i
A F 5 ATHUT AEKAS I BE T B 5 KR 00 T, B
R 5T B i LA LS 8 e N TR, 3 80T
B (I ALl A A A 5 g — g i B 7K AR A 8 rh i
RIS 0, S AR AT LB 1) 55 A 2 AT 3
I WY 3 A5 K e S AT WL ) R E XY
Y BLAE W AR IR BRI 3 (7 5t 6D R, (2o 00 5K
TRIAE SRR 4 v Wk 1 T8 25 20 A 1R 5% i LSO
DU e DU SR X 52 E 3 TR 3 AR 52 R B I AT X /)N
DRI, 2SR DU S B0k S AT WL 25 R B AR XA

R AZ A I P T BRI A
Py SR LLBORE ™ ) RSORE 2 1 A5 IR B e 1,
SER T KRR, RIVT B FURE 1) W B B0 14 S 11
FHAE A A A L EE  pH {8 K3 g 2 A S B
ENAE I AE 3R, #R] 3 BOZ R A K ) B K 1k
(I8 3 8h, e & e TR A 54T 9%, AE A X
BRI, R JZ DU K B R Pk 3 Jit il
PR B, 1M R T HE A PR 8 > AT A P FR) 8 R



12 34 S NS SRV YU A K A7 TR 25 B AR AT bk 2787

A<

LA — TE IR . ASHIT G Hh ] A2 el 1 i Jie 207
S A3 A R AR AR I HE 52 45 DR 25 (0 5 2, AR IX
A W 2 AN, P B U RUBERY 9.92% , {HLAE
RTINS H R R B ZK A AR5 (1) DT R A B L
FE

BRE G0 R D) Sk A s A A 4
B, 7E A A R Ak 2 — Rl AVEI B
AR RIS B AR A — Rl I Ve R B e
R AR A v, 8 T8 8 B A R 2 DR b 5 A 1)
a3, BRh B S Bt A AR A 0 S A 55 1 A A T 5 . H i
5] Py X GORR A7 T4 A 3 iR s I (R F 5 AR A
2, X0 1A R DR T B2 1 2k &5 45 B 1 20 A1 1
O, BIF 5T 22 A ) T F VG G A TRR DR 3K AR, OF
IR TR R 25 G 0 B 5 DX )y Qe R i 1F
MK S R Z VOB Pk 4 G i B G T
Bl U 4.74% , Vi3 1 75 Jeak AN ™
B AR, pH 0 ER R e iyt 2 90 o 98 ) R R | T A 45
Al AR, SR YO, MR 30 ~ 50 I, k4
B T BB T BN T 5%, TR AR, S0A 7
WK ) pH A 7.13 £0.06, £ FE4 31.89 +0.84,
XA SO R R DR b Bk 455 i R S
JEIR 22— BT (O F 5T R B, A8 DR A -/K F T 44k
GRS FE A B A B N T X S R, WA e
JE 4 A BRI AR S5 AF 1 TORR A v 4 11 e DRI AR SRR
JBCHAE2+307 , T3 AE 754 S 3 T 1k PO A b L sk O g 52 2%
K HURI VAR 122 R

FEIE R DU 585 45 G B A TR 2R 2 15k
Pt .Ruttenberg[m fR s A w2 4l — A
TR S B AT, AUE T K BRAR BT, RS A AR
SEAEATR, EA ST PR 1, AR AR A
FRI s 53— 30 AL o R TS B R A 45 5 i R
ARG G, 8 R T A AR R T
(A AR RS0 RS 1 T B 00 6l KA, AFL e K
AIE R AER)Z 2em LT, 0T LLUER JZ TR
b AR A G B ORI TR AR N R
5 4l 5 TLA TR AS M 1 AH DG 6 R (36 2 ml LTS
A R E VTR B A 45 5 BEA Z DU
AR B TR R P AN ik U ) T HE TR s, 52 4 T AR X
AR IE B, I 45,229 B3 W] S8 T
R v N Y5 A 400 S DR D B AR R v
3.3 BRI RE

TRV B AN L2 H e E A
RO, A= WA S L AR GO v nl R RO 2 KA
R FEIRER 1038 3, e 5 DURR A - 7K F T 98 11 A8 e Ak

JEAH DG, 208 T 6 AN [ T 25 2 2 119 20 B m LA o DT
R o 9 7 A AT S I RO R s A
Wl 2 B FLAE WA ROk B, 2 b K A TR R
B BRI, S B A AR S TR A S R s 3
KA, e A A R L, 2 DA B 2 o
AR RKARE TR LA — M kg AR
AW DA B, AEDTRR P A8 I AL R B
IS OL R, ke’ BIE B Fe* IR JE 455 11
B, FE R AR s AR 4 ol A oA Y05 A 0 TR 1)
B 2 B, SRR T AR AR P W S R R T A A
SEAE PR ) 7V, AR IE 1 W BAL S S T RE AL
B L, 1 A LB e % 0 1 B2 E 0 46 AR B HL
BEENIK AR Z 5 A WA 3, IF 32 84 B R
Wb, DURRA) Hh (8 A AR 0 A 0 9 T L ] A e
W R G AW AR 5 5 BRI ML, 1T R R
VT KO SRR T AR A KAl A= TR
SR n] ) T B8, Al B A R M X RIS S 3 4
WEURA) Xk 29 T R 2 DU v i 1 IR A
ARHEI T, 19 10 FVGVE R ZUORD) i e LA
BRI B 358.05 ~ 448.39 pg/g, 135 i
1) 86.54% » 5 TR B P 1 IR 26 K 43 . AR 7 R
IKE, RJZVURDAE K E) I3 KGR AED B LKA
PR ZR SR A 5 R A R, X A A Rk
e 38 AR 7K ST T 427K AL T TR ) A 4k
AR R AT VE AL, AT AEAS R R JEE b 25 i o 35
FAAK, S MKAR ) & E TR ARSI G A2 D)

4 it

(D FVGVE R )ZTURY) o S 0 & 5728 4 78
H 412.99 ~ 508.56 pug/g, LB TCHLBELL R, &
SR 73.33% , A HLEE & I LA AN s EHLBE R B
AR SE AT L K, KR AR S =T
WK N : Ca-P > Detr-P > Ads-P > Fe-P. % JE 25 1 AH
KON RER W, D& & R W Am E A
HUB 5200 5 2 31, TEWLIAE A2 19 26 405 &5 5 Wi 1 5 1
LN

2Pt 43 AT b, PORRY) v 1) B S AT DL 5 5
{10 e (1L DX 347 HH LA D 4 7 B DX, Sl s B X 7R
T IO TR A B85 1R T 285 43 AT (9 56 ) LKl A8
WA 1 o AT N S A, BRI e X 1) A AR AE 5 Bk
SEA TR0 20 AT R I A MT 2 BA B AN 1) 5 pA) 36 i 448
K5 B A 45 G B AN S 18l (1) 40 AT G A LU, A
N )V Y Y

(3D FVVE R )2 YUY T 78 75 LB W A7 2 1 1)



2788 N S 284
TTHE A 358.05 ~ 448.39 ug/g, P ¥ N S BE W C16] B e, PR, IKURT, 55 . S R B K S oy oh i 75 2
86.54% » FLAT R B (e R s ) 2 (TOC. TN M TP ¥ th 3 Jy 2 e ML 1], ¥ v K™ WE 5,

2005,26(2): 62 ~67.

S k- C17]  SrhE, Jydtls, O . 005 IR 58I X ORR W) -1 7K St THT

1] L, MR, Vitthaze, &5 . KU M = ) WE O A i) R BEE TR ], WK ST, 2004, 25(4): 57 ~ 64.
IESER L 2 R AEL 1. PRI R 22 2441, 20035 23(6): 711 ~ C18]  aKe#H7, ARWIIZ , VA ENE, 55 . SRV AN B P v 52 (K YU AR -
715. RGPS SR ERE BT T]. TR R, 2004, 23C1D: 1 ~ 4.

L2 BOEM, FARL, D, & DUB AN+ 3 b 8 10 A= 047 2k itk [19]  Ruttenberg K C. Development of a sequential extraction method for
VP T VEL ], BRBERE, 2005, 26(2): 206 ~ 208. different forms of phosphorus in marine sediments [ J]. Limnology &

[3] AR, REW], N, & BN DO 1 & PR B Oceanography, 1992, 37(7): 1460 ~ 1482.

R XLI]. HBEREE, 20065 27010021953 ~ 1962. (201 #=bE, &K%, RERSG . YU AS [RJB A B B U7 325 10 2

[4] ChaHJs Lee CB; KimBS, e al. Early diagenetic redistribution BE R B IR 7 5 L), MR B R4, 1998, 17(1):
and burial of phosphorus in the sediments of the southwestern East 15~20.

Sea (Japan Sea) [J]. Marine Geology, 2005, 216: 127 ~ 143. [21]  xUFE3E, k&, DURRY Pl (A 2 4R IO B kL g 1L e Rl

[ 5] SchenauSJ, Reichart G J» De Lange G J. Phosphorus burial as a %%, 2001,25(1):22 ~25.
function of paleoproductivity and redox conditions in Abrabian Sea [22] Hieltjes A H, Lijklema L. Fractionation of inorganic phosphorus in
sediments [ J]. Geochimica et Co smochimica Acta, 2005, 69(4): calcareous sediments [J]. Journal of Environmental Quality, 1980,
919 ~931. 8:130 ~ 132.

[ 6] Zhou Q5 Gibson C E; Zhu Y. Evaluation phosphorus bioavailability [23] De Groot C J, Golterman H L. Sequential fractionation of sediment
in sediment of three contrasting lakes in China and the UK [J]. phosphate [J]. Hydrobiologia, 1990, 192: 143 ~ 148.
Chemosphere, 2001, 42: 221 ~225. [24] Olila O G» Reddy K R. Phosphorus sorption characteristics of

[ 7] Rydin E. Potentially mobile phosphorus in lake Erken sediment [J]. sediments in shallow eutrophic lakes of Florida [JJ. Archives of
Water Research, 2000, 34: 2037 ~ 2042. Hydrobiology, 1993, 129: 45~ 65.

[ 81  FBENUE, FIPRE, M3 23R G i X AR UUA W b 8 0 A [25] Jensen H S, Thamdrup B. Tron-bound phosphorus in marine
A BILIRER 7R 5 XLY]. Rl R EER %, 2003, 22(6): sediments as measured by bicarbonate-dithionate extraction [ JJ.
414 ~429. Hydrobiologia, 1993, 253:47 ~59.

L9 WM, EARL, BHE . VIR BIES SN E I (261  SRTH, ZAiam . DORA T R TE 35 1A 2% % 5§ I3 2
HWRIRZRLIT. T EAERE, 2003, 23(6): 583 ~ 586. FLI]. AWFR R4, 2003, 22(3): 349 ~ 352

L10] &, b, PR RS, 46 TR Pl (R T LA S AR ) B 245 [27] YRS, B/ BRI EARR ORI v 9 11 20 A1 85 R S L3R
R TTIRL) ], AL IABTRLF 4], 2004, 23(4): 731 ~ 734, B LYY Ay g o4, 2005, 24(1): 21 ~ 27.

C11]  2) 4, B, mol, &8 KL b R oK iR o v v (28] S, Xz v JEF ORI AN Tm) BK oh I 5L g 1. 3058
RIB& LI L AR SRR L], HBERE S 224), 2004, 24 Bha 22451997, 17(2): 148 ~ 153.

(3):381 ~ 388. [20]  BGHE, T4, T, o B Ak b B 70 4 e 4 S Ll

[12]  ARER 28, GARM, & KSR E VTR A2 R A B FEAES BT TN, WARE:, 2006, 18(3): 199 ~ 206.
(R E AR AEL T, FRBER, 2006, 27(5): 869 ~ 873. (301 MBEAL, 5K S, TKORSE, &5 . B 11 DG RS OB 4 6

C131 5K, Y RORT, AR) T, 55 UL Rl oo 4 2 4wy A SR LS IR ST ], SRR A, 2006, 25(1):24 ~ 27
FIBES ATRRAEL ] #IvEAEE, 2006, 18(1):36 ~ 42. (311 BEUUE, mHBE, JPRRH, 55 . R IR 8 i DR Z DU B

C14]  JNT, 222650, SR . DUKAE A 8 DU A HL TE AL TR A R ILHAET R XLT). e 5 W 5 2003, 34(3): 274 ~
B A R A AT A BE I 2 L], SRBER 2, 20065 27 282.

(12): 2421 ~2425. [32]  ROLH, BIARA, IR 45 KT IR Z DU () 77

L15]  ARARHE, PR, AR 53, 45 SRIAVE FRIFIE TR b W IR v JEA LA L], SRR 2% 224, 20065 26 (3): 488 ~

g Sy e L] WK FEIIFAY, 2006, 27(4): 66 ~ 70.

494.





