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The distribution of phosphorus forms and bioavailability in sediments from

Huang Dong Hai continental shelf

ZHANG Xiaoyong'”, YANG Qian', SUN Yao"*, HUANG Jiansheng'
1 Yellow Sea Fisheries Research Institute of Chinese Academy of Fishery Science, Qingdao 266071, China
2 Laboratory of Marine Pollution Ecological Chemistry, Ocean University of China, Qingdao 266003, China

Abstract ; Phosphorus is the most important limiting factor in nutrient cycling. It is also the key element controlling primary
production in aquatic environments. Sediments act as both a sink and a source of phosphorus because of continuous
transport of phosphorus species across the sediment-water interface. Phosphorus is intimately involved in both the terrestrial
and marine biogeochemical cycles. However, not all fractions of phosphorus in sediments are released to the overlying
water. Therefore the effects of phosphorus in sediments in promoting aquatic environment eutrophication can be more
efficiently evaluated by studying phosphorus fractions, rather than total phosphorus (TP ). In this study, the forms and
bioavailability of phosphorus in the sediment were analyzed by means of SEDEX ( Ruttenberg KC) to determine the
geochemical characteristics of phosphorus in the Huang Dong Hai continental shelf. According to this method, there are five
types of phosphorus: iron-phosphorus (Fe-P) , organic-phosphorus ( Or-P ), detritus-phosphorus ( De-P ), exchangeable-
phosphorus ( Ex-P ), and autologous-phosphorus ( Au-P ). They differ from each other in occurrence, origin and
geochemical features. The horizontal and vertical distribution of six forms is presented. The profiles of age deposition were
also investigated to reveal changes in the contents of the different phosphorus forms over about two hundred years. The rank
order of the contents of phosphorus fractions in the surface sediment was Au-P (140.72 pg/g) > De-P (59.23 pg/g) >
Or-P (32.69 pg/g) > Fe-P (29.91 pg/g) > Ex-P (5.92 pg/g). The contents of Au-P and Or-P decreased from offshore
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to the open sea, and values for De-P were uniformly distributed over the whole sea area. High contents of TP and Ex-P were
present in the Yangtze estuary area. TP, Fe-P, Or-P, De-P, Au-P and Ex-P contents in the sediments were in the range
310.23—941. 78ng/g, 5. 46—58. 11ng/g, 4. 87—80. 5STpg/g, 12. 68—282. 15ng/g, 31. 86—271. 38ug/g, and
1.32—20.95ng/ g, respectively. The vertical distribution of the different fractions of phosphorus at four sampling stations
varied. The distribution of different phosphorus fractions in different sediments reflected changes in the early diagenesis of
phosphorus. The concentration of Au-P in H1-18 was much lower than at the other three stations. In the study area, the
relative contributions of Fe-P, Ex-P, and Or-P were 5. 96% , 1. 18% , and 6. 51% of TP, respectively. Fe-P is
considered to be the most labile fraction of phosphorus fraction in the sediments. It will change when the oxidation-reduction
environment changes in the surface sediments. Fe-P can be used to determine the source of phosphorus and indicate the
extent of environmental pollution. Or-P can be released during the decomposition of organic matter in the early diagenetic
process, and even convert to other forms of phosphorus. When organic matter degrades, the phosphorus is released into the
overlying water. Consequently, the degradation of Or-P is an important process in its influencing of the contents of
phosphorus fractions in sediments. Ex-P is influenced by particle size of the sediments and released into the overlying water
mainly through ion exchange. Hence it is important to understand under what conditions phosphorus can be changed from
one fraction into another and phosphorus in sediments can be released into the overlying water. Fe-P, Ex-P, and Or-P are
biologically available fractions of phosphorus in our study area. The results showed that potentially biological available

phosphorus accounted for 13.55% of the total phosphorus.

Key Words; Huang Dong Hai continental shelf; sediment; phosphorus forms; chronosequence; bioavailability

AV BT IR BR — B R BRAE W) kAL A i R ST A B BN 4 B AR AR Y A TG B 2O R
Z—, HAG N3 AT AR W A W R ZAE 7 ) ST I R S, T TR = A K A T Y T R
AL, URR ) v A ) mT SR A me R A A 38 SR RSN G A5 0, 5 DURR - /K S il ) 52 46 EEAH G . it
WS TURRY h BT o0 A A BT BRAR TOAR Y rh B 0 06 P10 72 K i A AL, PE AR b i i A T A
P | A2 B A DX SR TR Bl R AL 22 AT R RAE B X IR B AR BB, DRI e S LIDURY) e
— BRI AT T BRSO ol 4 R R BRI T DR (4 A T R . Nelson'! AR I DB h ik 25
FWE A RS AR B A DGR K AR B VR, 2R E D A A5 5 A8 (Ca-P) FEARIR TR h i &
5K R RO R R IA G 545 A A58 (ALP) nI/E M DT R B A BB 4E bR, Zha ZE10H
RIATUR) h B 5 el T AR A IS e i) — S S8 b, 20 20 5 5 FE DR I M TS AT AR TR A v S [ R 2
B KA T 25 I, A5 TR A Y AR W T ) W A 5 B ORLRE R S AR, T Y L ) 0 T 8
Sondergarrd ® 5 i pH E A8 23 Jin K SR MR RIBE B AR 25 7 (5 5, DR LIS Fe' SRR ER IO, SRR R, NI
FEGURY) PR ER A KRS, Frankowski 5517 78 X 2 )1 B 30 JEC AT R TR 14 W AT 9 3 A DU AR
B RS2 DT AR SR B A LT & i, TOR) A0 Ak 2 2H A, IS AR I R S AR DG I R — R R 1 5
Hisashi'*' 4 H 22 TR T Fe-P 1Y & AT LIRS /R B (R IR AN EREE 15 YRR E . AR10T H i Xeh s n vi AR h s e
SIFRERIBFFE A 2 Wit i) DU IR B 30 | X AN S AR T DUAR ) TR R TR B 28 Wi ) i 5 JC HZ DU
Py AF AN S A 4G R, X s R I ORI BT i R GETR A RYBIF ST, 2 i) A 6 AR T 8 2 ) st BR AL 2
PEIR IR BT AT 1Y o ST IHOAS SCTE RS 88 AR Vg i 2R X R AT i AR i 1 el | L 2006 485 2 AT UCRE Y
DURIRE Al b BF 75 %0 42, R I 1992 4F Ruttenberg ! 3% £ 42 B ( SEDEX ) #4504 b 14 W 43 o 52 46 25
exchangeable-phosphorus ( Ex-P) , 845 A& 28 iron-phosphorus ( Fe-P) , B #E#% autologous-phosphorus ( Au-P ) | 74
JE detritus-phosphorus( De-P) , A #L## organic-phosphorus ( Or-P) , REHUFFY T 25K B0 A FRAE S A9
AT

http ; //www. ecologica. cn



11 4] SKRANGE A AR AR X DU T AT 25 0 A B ARl A A 3511

1 SLIREH
1.1 WEETESHAE
ARYR A (R 3 57 594 T e B P TR IR VT T 38en

el
KB B 1), F 2006 SR EFRT TiA, | T g "y

A ST 3 N > ) 370
AR R AL OURIIAE il o REDTRUIRE A LA 2 em

RS E T HG , T-20 CRUERLE, LL0—2em 2P ZRE 36| 4
PEHRIZUBUARE . BUPEHERE 60 C MRS /; s g
T AL 3 60 FI I , F i T oo n @ e
1.2 BEHIEZSIE el £33 em

OB CTP) W 7 P 5 R BRHUE T B 4 19 5T -,
BUIRERL 0.05 g Z547, A 50 mL K5 FEAN 3 ml. > [ \ g’
K,S,0, W, F b 3 T 76 KAZE P 30 min, B 5] e 9
B0 R, A LS mL SR BRI RGR & %&f
FAOHFIIA LS mLRARFL A, W FatAfE T L
Zt, 15 em HEAIILTE 820 nm P FIMEROCEE, U1 50l ’1{ '\ %2\;6
BT 7 T 25 98 & k005 J7 15 2 B Ruttenber'* 1L T .
SRR »°r fen

1.3 GURUEI A vl L Wt s
BES SR PP W4, 5 IR B9 B R 10594, S "

10694, 12694 4F 3 AR AIK VLT HI-18 48 4 A3ifr 770 g’ L "4 © HERUUBUISf:

OREDORE A RE SR B 10 A RESREFF I, DR o, EETEEE

ﬁﬁj‘[ﬁj 2006 ﬁz,ﬂzjj{muﬁzzleﬁ ,*IJFH{FL;F/E{E%ﬁ%iUHE}{k 119° 120° 121° 122° 123° 124° 125° 126° 127° 128°E

FEAFEI 1 R
2 #ER5itie Fig.1 Sample station

2.1 AR E S

L2 W, R B 10594 ,10694 1 12694 345" Ph S MG EE Y 2T < BB A" 7P A
SRPE 175 T 25 0 TR T S s D, s U ) — R B LR 9 B AR B (PP W R EE B L), B
BRI B OPh BUEAR B, TR L N 57 Ph BEA™ Ra BY-FEATBE A R B, MR BRI X DU BT 3 AR
TE, ARFEE 3 AT Ph “ R MRER B L TR MR A BT AR TR, X Far A 52 ROl 4B
— PSS v AR RO A DR SR A ST A SR — 3, 2 TR E 10594, 10694 F1 12694 3 3 A UL B
AN 0.350,0. 143, 0. 153 em/a, MRYEAC S A AERR K A O Ph (AR TREE Xt 3 007 1 45, JIC T A7 % 43 31)
2574 150, 200, 230 a, MKILH H1-18 35*°Pb B/ A8 T ALY« =B . 7E 0—7em Bt,*°Pb Fifi
TRIE A LA rTVE IR A B, A0 7—23 em B, 2'OPh RIS SR8 80w s, IF S B B R A 43 A
fiF 2P AR BE ) 450 23—30 em BE,POPb BT PENG BESEAR 452, B R OPh A AR A B, 48
TFEZIE L TURE R R 0,225 em/a, FEFER BE R LY 30 em, RILIZSE S AHREEL AT 130a AUTTELT S
2.2 YU S B S A REIE

M3 ATLUE SIS mER N, e R TS RERER, RZTEY D A48 (Au-P) Fi
RSN 140,72 e/ g, Fe RAA HBLLE R B0 R 12694 3, S8l (Ex-P) SFH & /MR 5.92 ne/g,
e/ ME HIUFE TR VR R h1—24 3 HUOR S TESBEAEE UL P A 258 25 5 BVA B Au-P Hil Or-P 2
B P 3T 3 ) 328 TR ST /N A A X 5 B R AT R Or-P I B RS KA 51 Fe-P 7 28. 13°
N,122.97°E £ e, B AT RS KT IR AKBEAR T3 8, 0L X Fe-P R4 . De-P 7ER M AA TR IX

http ; //www. ecologica. cn



3512 JAE = 33 4%

210PbyE i Activity/(dpm/g)

0.1 1 10 0.1 1 10 0.1 1 10 1 10
0 T T AT 0 T 0 ToTTTTTThT T AT 0 T D 77T
10594 10694 12694 H1-18
L L 5 n
3 W 210pp i 3 3
A 219Pb3t 10 |
10 | 10
\g A
= 15 |
§ 15 | T T A
i 20 +
# 20 - 20 F
25 -
25 25 30 L
30 F 30 - 35 L

2 10594,12694,10694 #n H1-18 'Pb EEH %
Fig.2 The vertical distribution of >'*Pb in 10594 ,12694 ,10694 and H1-18 stations

80
34°N 940 34°N
72
860
64
32° 80 550 56
700 48
620 40
30° 30°
32
540
24
460
28° 28° 16
380 .
300 0
121° 122° 123° 124° 125°E 121° 122° 123° 124° 125°E 121° 122° 123° 124° 125°E
o e \ 907, /
o\JQQ o P e/ 20.5 /gqﬁ/@ 270
o o o i)
34°N 34°N w/ 19.0 34N —5& h 250
P ———9%° ——
240 = 175 N" g\)o 230
16.0 o)) 3 210
o 200 e 145 30 2 190
32 32 53 J o
180 13.0 = * 170
11.5 De-P 50~ & 150
150 10.0 o, S 130
30° 30° 30°
120 8.5 = s 110
7.0.0 0 / 90
90 55 20 A 70
28° 28° 4 2% 4 o \ 50
\ 60 3 S
& : 2.5 3 % 30
g\ ' \ — \ AN
30 1.0
121° 122° 123° 124° 125°E 121° 122° 123° 124° 125°E 121° 122° 123° 124° 125°E

3 EBERGHREREBESHERS MR (FELAL ne/g)
Fig.3 The horizontal distribution of phophorus forms in HuangDong hai continental shelf( Isoline unit: pg/g)

http : //www. ecologica. cn



11 4] SKRANGE A AR AR X DU T AT 25 0 A B ARl A A 3513

OYAREERIAT . TP AR (E DX IR T DTS 3 nT B 5 K VAR T i A ofe Rt i VR A ML AR 8 B 8 9%
ERTEMTUREA K Ex-P A A, R R BUIA R A

FICHE EZHERIL A FFIE AT  Fe-P AEY(E N 29. 91 pe/g, FHTE 5. 46—58. 11 pe/g Z [0, ¥y
B R AT A > KT O >R B, 5 TP 19 5.96% ; Ex-P BB N 5.92 we/g, SrHAE 1.32—20.95 pg/g
ZIA] R AR O S MW R > R R TS, 5 TP B9 1. 17% 5 Au-P (9F3491H R 140. 72 pe/g, B EETE
31.86—271.38 pg/g Z[A] X & K VL O > M #THT 2 > B0 80, 5 TP A9 28. 01% ; De-P BY-FE34{E M 59. 23
pe/g, TR AE 12.68—282. 15 pg/g Z 0], & SR VT > B W VA B2 > B w0 Rk, 5 TP (9 11.79% ; Or-P
MBS 32.69 pe/g, Tt fE 4. 87—80. 57 peg/g Z 0], T3 & Gt [ Wi ity 2 > B w0 P>V H &7 TP Y
6.51% ;TP “FH4{H M 502. 25 we/g, FHEAE 310.23—941. 78 pg/g ZI0], 3 & KT 1 > [ W il 14 > B 15 il
k.

FILASUE B 0 25 5 X S UURIORIR  DURUREE 0 WAl al S R A R N IR A 5, i
A2 8 2= 0 R P R A 25 B SR UIDE A DT v | LB i sz R e ot K 8 ) 2 AR AR VE R A6 I
Ei0)- 21T
2.3 DU S RSB IE 0 A RRAE

WFFE TR rh 2 T AW 0 B o BE TR B AR A0 A A | T o e A 358 A8 A %o i SR FR ok A (5% il 48 7 DR A
A LTI VR D LGP A BTk e I AR T T 4 A DUR P A R S B A R B AN
] (P& 4) , B BR AL 2 R 40 R Bk
2.3.1 Ex-P

4 DIEAETURRY) T Ex-P & 25 S OR  TEAS il 6 (1P Y 5 (g/g) 110694 (47.22)>10594(28.08) >
12694 (16.27)> HI-18(6.02) , I 10594 10694 F1 12694 HRFEH ) Ex-P (&85 A _E i R &
FEAR A R, I K ] e 3R 2 DT A AL A s B0 AR I, il FL UK iR 3R 4L T4 2 A1 i R k| (i AE X 458
2 W R AR ORI ORI BT, B 2 R R B2 R IR , A AL 38 A 4 PR el 557 , LB/ e e R sk 2>, DA T 2 38
OB Ex-P S d/b ) KITE HI-18 &b Ex-P A9 b R I shie ke, Bk F 2R 2 LR 2 R B4 A5
Ex-P (9 34 & s (I8 T 300 i 3 ANl 7, 3X T BB 45 0l 6 BT AL 1 X A PR SR AN [R) A G . R v v S s AR
DURRIRET K 3l 1 S5 F A AR - 36 AR At B v, AR BORE TR ) v W R 5 25 B Y Ex-P, TV TR
XK B 3G R, IR R Ak . Ex-P SZ UTRURL S 3K, AR FUR Ak, W B Ex-P 19 & ik, 534
Ex-P 836 BR, fie 7 Bt A b B KR I AR 25 2 oK A= AR WOORI . B /KA 1 T s R e A AR
) Ex-P AL T3V, MEREE A0 (AR B AL R pH (8 K 3h ) 5045 ) AL 2 B3 (45 A
SR Eh) B, GO G Ex-P IR Sk A LB KR, B TR b i i P | BT IR B
S50 BTN TR 5 e A s, INITF & DURR A Ex-P AR
2.3.2 Fe-P

Fe-P 78 4 NMHAERIZE 20 em A& & FUBHGHRA & &, X7E— @B E LR T IRy #*
I R R A R IR B2 B AR R G AR BRI A DTRRZ A HILITT R A T FE IR A S, (o AR 8 15 A
SR, BB PR R A, B A R 1o fLBRK 7] 13RS 7E SRR SR 4 e A R 2 DU
TE I W IITE , 2 DU B RRAR TR 19« BRI, & AR M M TE T B R 2 E 4" Jensen 55
schuffert " 48 HFEARRUTBUY th Fe-P &5 1 7 6 J2 AT 1o (i, I VR B 10 055 o 0 20> 1) 75 A e 348385 3k 17 7
Fe-P 1£ 10594 ,12694 1 H1-18 AAEH LN & AR K, {H7E 10694 ZRfLIREERR K, 4 AN uhfirh Fe-P 19
B (ug/g) N:12694(7.00) > 10694 (6.09) >H1-18(2.47)>10594(1.91),

2.3.3 Au-P

Au-P 7E 10594 wfif; ip & { i N 2SR AR RE , 7E 10694 , 12694 FIFE H1-18 34 {7 Fifi R B 36 I He % = %

B, B R PR Au-P 3k A UTERA LT A A R v AR S R B A Y PR I S 4 A A SRR A T

http ; //www. ecologica. cn



3514 JAE = 33 %

WAEFF=A: 0 CO, XF Au-P A ESRAGIFIER 2 e RZAERZE , KERZ T, DUBYE A
g TR FE S el 20 | Au-P 15 AP DR A7 . £ 3l Au-P B934 & (pe/g) H:10694 (315.52) >
12694 (314.08)>10594 (210.93)> H1-18(40.61)
2.3.4 De-P

De-P = ZLE R IR T Jitlk 4 XU AR b = R Bl A 0 & 8 25, AT LS I 3T 3k PR 42 Tk 3 3 114 K/ B AR
TR 2 SR 55, AN SZ IR TE A AR I AR IR UKL Y 52 ), 2 OB e M B A A, 38R S A W )
. De-P 7F 10594 F1 10694 HAERZE 20 em KA E , 7F 12694 FEFER)ZE 2 20 em R0 Z%,20 cm
LT ZHURE IR 2 & 30 fae . H1-18 1 De-P H Ll I & s 2 Wi FAIC, JE R Al GE 2 BEVR EE RS N De-P B9 fLAE
FHINGE S BB AR, R R A LUE Y, DU De-P 1l Au-P Fifi 1 JBE 109 28 1k #4312 A0 Y, LA 9 v
De-P (1 & i 5 UG K M BRK h B R AR (PO ) & A K, 4 DU De-P A9F-3 & & (pe/g) H:10694
(111.90)>12694 (77.25)>10594(68.47) >H1-18(47.76) .
2.3.5 Or-P

Or-P ER 08 3 MR 230 A _Li R /N A H1-18 AR b & e . &b
Or-P (P15 (pe/g) H:10694 (88. 80) >12694 (40. 44) >10594 (39.41) >H1-18 (9.99), Or-P A 43 Jy X
Rep A P AT T R A ML 1S A L 2 0k YR ki U 0 5 1) HE B, 3 B AR AR O vh AR DRy
AN AT A DU R SR T AT I D A W 2 B, A B o R B A WIS 23 A TR, R I e
BB . A E BRI RGP X 5 AR KA 4 A0 Or-P & A8 b —3, DT
W3¢ 2 A T AL T TR U A 0 S A S W o3 R e AR On-P (382 Or-P i, I FLRG B AR ; 78
WIZ W RE R T UURRYE IR W shidi b Or-P SRR E ) BRIk =2 4h, Or-P ZEUTARY il &
IR Z 2R RG], R IRR AR R F RN —
2.3.6 TP

TP ZEAS Rl 7 UURR Y o A & B 22 SR K, 4 AN A7 TR A2 5 1 (pe/g) H:10694 (550.82) > HI-18
(500.64)>12694 (445.25) >10594 (440.53) , JWL T A FE W TTAR YR IEXT DT oo &R S & m, TP 78
4 AR ) Er i R 2 BN BRI IR Z AR AN K, R BT X 1 PR A R 55 v, BSR40 40 v 1 ol U e
FIGCRRY) - K AT 5, Ko 1E — BRI AN BE B2 59638, OM A R BT MRS

X} 4 A AT 25 W A R B0 A 20 A T LU H R[]l (57 DR v & T S A 3 ) A S TR, R ik T
[ TR IR BT A A T R R i B 24 | RO RSB A LA R TR, X HAFIE AE 45 i HRR TR 30
AR RS HRIURY) PR RSB0 04 F 22 DU S AR IR R B A HLR A & & Kshh
AR AR, 3 Ak TUR IR 55 BT 25 19 5 22 DURRA (AR B2 25 4 MAR KRR B 52 mi 25 UL AR v
SRR TC R W S A, NI HE— 2552 w5 BURRA) () X I BR AL 2F R A S X AR BV i R X A
ARIVTRY B AR RIS A S KIT BT Ex-P AY S 50 pg B0 Tl AR AS £2 | IR R ] e 2 e g rp
IR B TUREREE | K Bl )1 4 F AR ARG S, 3 2 - A e v, 240 0K AR A v W B 42 5 25 B Y Ex-P, T
KA XK S G R, DU R i, Ex-P S22 TURURLBE S M 4 K, DURR W 0k S50k, W B Ex-P 19 & i
%o SN2 RKAIT AR A KA VRV AR BN S H1-18 350U Or-P il De-P (9SFH &R0 B AR T
PR 3 AN,
2.4 PUREI I b A] R AR S W 09 AR PR 43 A RRAE

R4 P> (e 55, S LA S UTRUEAR XS R OC R A 5 Fis . BARE]& W5 071 7 . 10594 B0
T SRR R BT B SR, 20 222 BT, TP, De-P Fl Ex-P 3 PR & AL AFEE , M IF 4L T
o 2 — IR b Fiin Z HT, A2 A SEE S i/, 20 A Z S5 Or-P Fil Ex-P R SIG KA EH Fe-P
SRR T 20 a2 Z A, B AT B M 7 52 BEVE S A, BE A 20 20 LR AT S 1 6 7 A
THEZITG YY), 1 Fe-P ZEDUE) 9 2 & 1T LUFE R 38 75 8 PR R BT 15 Ytk B 5 10694 3 437 v T R 2 1L

http ; //www. ecologica. cn



11 SKRANGE A AR AR X DU T AT 25 0 A B ARl A A 3515

WeRswE BREE B EE=2T B HHLBE Kk
Ex- P/ (ug/ g) Fe-P/(ug/g) Au-P/(ng/g)  De-P/(ug/g)  Or-P/(ug/g) TP/(ng/g)
(2030 40 01 2 3 200 220 240 60 70 80 40 80 400 500 600
| % %
- <
10594
, 30456075 280320360 100 110 120 80 90 100 500550 600
£
o
S
|5y
=)
=]
=}
£ 10694
Q
§ 10 20 30 0 51015 0 200 400 60 90 120 30 40 50 200 400 600
T T ) T T T ) T T T T 1 T T T 1
% - <
& - <
=
(] <
- <
12694
40 L
. 4 6 8 0 4 8 30 40 50 30 60 90 10 20 30 400 500 600
5L )" .
10 b
15
20 |
- 2
25 L - > <
- - -
30 |
HI-18

4 35 10594,10694,12694 70 H1-18 KB RBHESHNER S
Fig.4 The verticall distribution of phophorus froms in 10594 ;12694 ,10694 and H1-18 cores

#, TP Fl Or-P FEREA TR ] P51 _ AR fL AL, Ex-P 7E 1950 4F 2 /i & &% s A K, 1950 4F2 5 & &

http ; //www. ecologica. cn



3516 JAE = 33 %

10694
600 | 10594 700
5D b
o 500 - ﬁ?ﬂ 600 F
2 400 B
S~ - S T~ =
& & 300 ] 1 1 1 1 1 1 ]
100 n 1 n 1 n 1 n 1 n 1 n 1 n 1
100 [
@ 80 C)
o 60 g 90
RS 4 22
J@ZDI- 20 J,@al_
e —
S 0 )
5D b
a3 [ ¥
s 0F IS
By 60 3
A osob a
@230 F @
e 220 | )
S 2000 52
m A 200 F me
= 190 =
< 180 L Il L Il L Il L Il L Il L Il L Il <
3 -
O - 3C
Ba 2T E
o= 1L o=
R e
L o P I T I BN R N | ﬁiﬁ
e 4r )
gy 35 gy 60
¥ 30+ RS 4
o 25t e
Rxgob v v 0 % J 0 ®x 200 ! L L L L L |
1860 1880 1900 1920 1940 1960 1980 2000 1825 1850 1875 1900 1925 1950 1975 2000
600
12694 = 600 L H1-18
~
' L
::§§ 500
E 400 L
30 Il Il Il Il Il Il
50 - c)
~ ~
L2 40/ g2 20
B R
T 30t e 101
2 20 ! ! ! ! ! ! ! 2
20 2
£ 2100 | ¥
B = L =
e 80 & A
a 8
C, .
# 2 3
HZ HT
1 A A A
= =
< <
G )
%5 43
s o= s5r
§F ~ RGN
$§: $£ 0 i Il Il Il Il Il Il
_ 10
on on
e #3 8
§\5 20 i§\5 6 r
o >
X % 10 | o L
= | | Il Il Il Il Il H | | | Il Il Il
1800 1830 1860 1890 1920 1950 1980 1880 1900 1920 1940 1960 1980
4y Year Ay Year

B 5 #hfi 10594,10694,12694 #1 H1-18 #k# h S RSB E B 1
Fig.5 The age distribution of phophorus forms in 10594 ,12694,10694 and H1-18 cores
B ET, De-P, Au-P Hl Fe-P {8~ 8] 7 51 5 A8 AL B0AT W1 iR R 5 12694 3l (3437 T R BT 2R L
#. Or-P #l De-P, TP I Au-P ZBAU#EFE AL, Ex-P 7E 1950 ZJ5 &2 EF-, B a] LU ik
PLATEABERZAE 20 4D 60—70 A H L 1 BT A5 (B ; HT-18 S A7 THVT H BT, 124t IX 350

http ; //www. ecologica. cn



11 4] SKRANGE A AR AR X DU T AT 25 0 A B ARl A A 3517

Y& T35 L B vD DUk BB, [RIE Bl JR A AR BEVE RIS TP RN Or-P [ 20 HE22 DOk & g i b, 4%
TEAWEAE 1940 4 LIRT & =k shi K,

MK 5 A&, A 1960 4ELISK, Or-P 1 TP 75 BUIE HH S 10594 F1 10694 3 v 7 i 52 I S 38 I iy s o
XERE T A RABEATLR, 60 FALITTHR ERARIEA T AGEH , A 3 152 m ik 50N, 758 1 fé
FEARNEE,MTE 60 R ZE 80 AL H 1Tk [ 1E AL T4 Tl g i i 0, A 38 sl R AHE I T i U549 J5 Fn 8 7%
TCEAFVERRI A . Au-P 1E 4 DA [ 20 4 70 B LR, &R 82 TG, Xl 65 1975 434 B
T — R KR G JE IR JE T BN G >0 s B T ) G A 7 T4 R B ) 8 7 A B Vi P A W A e, A )
IEIZAE =21 CO, X Au-P A HSRINTE HAEA S 0 5350, Au-P 78 H1-18 & i L H A 3 Al (3 245
Z XA RES A X A R BN RETAE Y A TR WA R A KT 2RI A KR IRV AR BE
S0, H1-18 35 TP, Or-P Fl Ex-P & #L 4F R B Wik />, 10594 H1{#) TP F1 De-P, 10694 1 H1-18 H1f#) TP Fl
Or-P,12694 F11 1 De-P A1 Or-P ZEUCARET ] 5751 _L AR AL RS8R, 3% FE — i B FE b OB 1 Wi IR S AE 3L ik
FEZ 2R R IL[E 52, &AW 5 oA B 45 D 3R R 5 SUR A Rt — 20 R 9T
2.5 U BRI A AR YT R

DU AN [R) TR 25 0 B AN (] 04 25 W b 3R 7  AA 9 el R RV 7638 > 1 4500 B DORR W v e i i
1o FE) B K 1) K AR, X6 L B KA B 7 IR ALK FE AR Y Sonzogni 4 AR IA N A WA R
W IR 25 5 AV R A R R e, T i e S AR R P W ISR IR 43 Wl . Fe-P J2UTRRM v i 5y 28 0 53, 23 B
AR RS AR AR TR A B 5 KR Fe™ (Fe'™ ) 1 25 i B3 56, 52 B KPR v ] v P ot B Ay s ol
FERFIASE T Fe' IR J5h Fe™ DU Fe-P SRR . T IR AE 2 A AILBT 7 4k 431 2 1 i X Ak
FHUEAREE , FE Fe TN Feo B RE#E M AR ; Or-P £E LW B 12 R v vl B 2 3 HLJE 19 43 e 1 R
A PR FEARET Or-P BB B B, Or-P A R S R M T AR i 4L o0 5 R il — A E a7 A AN
Yy ) — SE G B AR A SEA T T DAG 2 0B, LA ML BEIRE B S Aok 7 DA R, 40 e ml LA
FIHX 28 Or-P S AEEIEATHIBRIC I, X 2 Or-P i LLICHLBE AOTE & FRR R R DU o Or-P A9
T R A B AT R R 7 R T A R (R KT Ex-P SR BT K AR IURE, BT R R 1 R B 524
YIw JE A SZUTRBVRLBE S IR, Y LB K AR B R 46 15 et A (I i ok 2 - 2e e Rl 3 1 Bk A
TRUFEYIRL ) ) R, Fe-P \Ex-P Al Or-P @A DR v A= G RCPERS , e A1 138 2 LR K S i 2 ] 1)
A, S0 LA K AR & B IR KT, T i PR AR ) S i T BB R A A LR AR M i2E A K
W, S 5EMIERAED IR, R 1 ATLUE N, DU B e A Y m] R B 5K R AT 4 K 2 2
AT MEAR DG , HaX FAHOCHEAE 5 Ex-P BILE IR SR RIS I, ULV i Ex-P 3 5 Bt
A BB o R A A TG SRR E TR0, e 2.2 AR AR A IX R JZTUR Y Fe-P |, Ex-P Fl
Or-P 535715 TP 24 5.96% , 1.18% , 6.51% , RNV TE A=W A 505 R 13. 55% 247 AU o5 DORR B v i) — /NS
5o TEBRIGREADCIEEL, RIZVURRPITE K 3 71 JRIR AR 3h LA SN R R S TR R 5 & AR P, 3X
SE e A A AN B e TR K BT R T K SR T ) A Ao R 2 S A AR T AL, DT AR AN [ R
AR AR KRR & B IR S A A = T

®1 BFREHERRREANWEEENHUBMSKEHRE a HBEXKR(2=30, P<0.05)

Table 1 Correlationship between the bioavailable phosphorus and Chlorophyll a in overlying water(n=30, P<0.05)
4% % a Chlorophyll a /(mg/m’)

WTE A WA R
o ‘ i L ] 7 7 ,
Bioavailable phosphorus /( pug/g ) . . . R
Linear regression equation
Fe-P y=0.0930x+1. 8748 0.3582
Ex-P y=0.7315x+1. 4325 0.5530
Or-P y=0.0958x+1. 8588 0.4330
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3 Fig
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