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Tab.1 Extraction schemes for determining the fractions of sediment phosphous

i I LR ER S B
C-] (1957 %) a.NH;Cl 1.0 mol-L™! AHa 8% (labile P) NH,F B Fe-P ## CaF, HIRH
b.NH4F 0. 5mol-L™', pH8.2 fREE & B8 (ALP) BRI TR E
¢.N2OH 0. Imol- L™} PG SP(Fe-P)
d.HCl 0. 5mol-L ™" PELE & 55 (Ca-P)
e.CBD ]38 R K v VB (RSP)
f. NaOH &4 (Refractory P)
W #1976 €£)  a.CBD 0.22/1.0/1.0mol-L ™! e 8 IR 5 B (NAP) PR TR o BRER R % % A B VR Y
b.NaOH 0. tmol-L ™! CDB % #3658 R A VL
c. HCl 0. 5mol- L ™! BIKEHE(AP)
H-J(1980 %) a.NH,Cl1.0mol-L"! AFaVERE (labile P) NH,Cl % ## /L & Fe, AL-P

b.NaOH 0. 1mol-1.~!
¢.HC1 0. 5mol-L ™!

BB ST (Fe, ALP)
W5 S8 (Ca-P)

P¥(1985 %) a.H,0O JK VRS (H, O-P) PR LR kIR L
b.BD 0. 11mol-L ™! 40T B K A BE(RSP) o e B B R FHE
¢.NaOH 1.0mol-L™" R4 B 5T (Fe, Al-P)
d.HCl 0. 5mol-L™! W& AP (Ca-P)
e.NaOH 1.0mol- L', 85C 15 YE % (Refractory P)

G¥(1990 %) 2.0.02mol-L ™! Ca-NTA/ BI5GB (Fe-P) B TR T B B

0.045mol-L ™' Nay S, 04 Sk B ) TR
(Tris B HIE pH=8)
b.0.05mol- L™ ! Na,-EDTA/pH8 545 & A8 (Ca-P)

R ¥(1992 4£)  a.lmol-L ™' MgCl,/pHS ] 32 e £ ( exchangeable P) e & Ny
b.CBD 0.3/1.0/0. 144mol- L' R M K5 Bk (CFAP)
c.1.0mol-L ™! NaAC TSR E W, S

/NaHCO;/pH4 (FAP, Ca-P)
d.HCl 1.0mol-L ! IR BB (FAP)
e.550C K4k,

lmél-L_l Hel L% (org-P)

G #(1996 %) 3-0.05mol'L™' CaEDTA BitE5 55HE (Fe-P)

+1% Na, S0,
(Tris 1 pH=7-8)

b.0.1 mol-L 'Na, — EDTA, ek S S8 (Ca-P)
pH=4.5

c. 0.5 mol-L " 'H,80, B ] 15 1 PLBE (ASOP)

d. 2.0 mol-L " 'NaOH, 90T FRAFIBE(ROP)

?ﬁaﬁﬁ BREM-EHBRMN(CBD) BB EZNB S ITrERYBESFAEX HLEEET

T B AL 5V R0 A i 0 B, B LA B R 7R T AR 4 - /K R T 9 38 e ad 72 LA B 3R 455 Y
%izn pH. & Ak 3 JF o AL A B 7 58 B X SR ek AR B B . H-L R DO B 4 N R AR M B
(NH,CI-RP), Fe.Al-P(NaOH-RP) .Ca-P(HCI-RP) K 5% B . 5o Bt & BB 25 5 I Y 8 )5 3
A ZTREAMERI, FEEEVBEMNIE X TEE . Psenner 5 AR E T — AN
BB BB (R 1L, P, A FEIBAI Piburg See TIRWI T BER 7R 0 #r . P 4L
H,0, BDORRER S 4- 2 ZHBR#Y, 0. 11mol - 1.7', 40C ), NaOH(1mol+ L"), HCI(0.5mol- L. 1),
NaOH(1mol- L ™", 85C )R FIREL, $ A # 4 H /K B o (WSP), I8 R 7K 7 585 (RSP),
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Fe, Al-P, Ca-P K18 tE 8 (refractory P), 1% ¥ H-1 B: % # Petterson 2% A F 3k Xt 4 7 F)
Balaton #]#) TR B FE4T XS L A3 A7 X VT BV BB 5, CaCO, R B0 50% . {1 T
PIFZ B 4551, K P ¥5+F BD 128 RSP B E FH A4, H-L &+ NH,Cl Bk BB
TR tERE i HCL 2 HUH Ca-P R HEH . ,

Golterman'™* ™ & !, 38 BR 5038 BA R EL /R 4R U], B B S E £ = 28 (NTA) R 1
Fe-P il Ca-P M ALK 4 & 5B EA LB . Golterman B #1724 0. 01mol - L. 7! Ca-NTA
RS E S0, KA~ ERV LR (R AFHIC R NMRAS); FH 0.05mol 1. Ca
NTACE 75 ER R R B HT IR ILER ) A1 0. 05mol+ L™ ' Na-NTA 43 BI32HL Fe-P f1 Ca-P, £ i Hh
B T NaOH IS & SH T BE M E R M. Williams 2 A" %A 0. 01mol+ L' Na-NTA
RBIE K Ontario WIVTA 10855 36 85 K 52 25 0 TTHLEE (NAIP) K F0AE 2 . 7 NAIP
/NG ARATEE, SRR K, 3R T B AR M - ARAT LB SRR R A Bl NTA fE
ARFGHH XA LT, WTHES NTA B9 F A %1919 )53, Golterman % A" F 0. 02mol
‘L.7'Ca-NTA + 0. 045mol - L™ " 3 Z B BR 1 (TRIS 2w W 1B pH = 8) (89 1 & W32 B Fe-P, 1)
0.05mol- L™ ' Na-EDTA(pH = 8)#2J Ca-P(F 1, G ¥:(1990 48)) 35 H-L I:1E T i, B8 %
RGHEEMTELW FeP MM CaP, IBHNBE HLES XEEY LL E+F
NaOH/HCI $#2 50 Fe-P/Ca-P B, B1F OH [H" WIFFHE, B4 G HLB KM, (18 CaP {32 5
EFE BRI, Golterman™ 2 H1 L) 0. 05M Ca-EDTA (pH = 9) ## Ca-NTA 321t Fe-P, I
Na-EDTA(pH=4.5)#2 L Ca-P 8 4 2% EDTA 4RI, S5m0 T B BB ki
(— % 2 ENAT)

BERIG  EBE “cu” =R Fik
CaNTA+ 0.1M NaOH
] Fe—P
Na, 8,0, Fe-P : H+
Na—EDTA Cap 0.1M HCI Ca—P =
: OH-
—————————— M
org—P org—P

B 1 BEE AN G R BN SR IR A A B R 2 B SRRk T BE AR AE G T4
Fig.1 Chelating and “classical” extractions of sediments with possible

. . . .20
interferences in the classical extractions®"’

Ruttenburg ™' % J& T B8 SEDEX 4203 (% 1,R B FFREMAR B TR i &
FhaE. L EBRFR MeCl, 12T 385, CBD 250558 il Fe-P, 2RV BB BR 55 %
% H% (carbonate fluorapatite P, CFAP), HCI $& BB IK A 8%, T A 5808 K (b 3Ll HCl I B
HHLBE. R BETEAR T LAEE SR B i < % Y e £, B E4T T — 2B 4R B2 8], # L MeCl, 1
H, O 43 BIVE A UTARY , VT 150 S8R BV T R 08 /0 . 7 5 30 30 1 3 B 1 7 2 (oL 43 1 At 6 17 1
e D BRP IR U B 3R B 53R ORI 19 FT R . Ruttenburg B4 SR fE 5] T XA R, {8 fth 3F:
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WAHBERBAWERNE, MERAEZ KEFELSBE THRYBETHT 5 B4
Baldwin'™ %t SEDEX $: Ak, B R & — R RAR, EEEBORPHB®gE /N T E—
BE (41 100pg- L™ ) BHAT T — 3 BUEE . 40 NaHCO, TTREM B, — K HAERR 60 %, &
HE 4K, NFTHREL95% .

BT, Olila % AP [ BG#HR H-L 31 van Eck™ #2197 #:%¢ Florida A EE R
KTE A TR BEAE T 2 R4, KB UURRY B 0 A 26l N 7T RSt T4 B AL 2 S (B A 1L,
i E AR R AL ST FR I 0 T B R B R
2 UIRRYIBE T R 5T B W) R R 3

(1) WBEAKW GABEEE TR, ST RIS 4 & 5B Na-EDTA 1
RGN, Kk E X pH HEHWEBEETE.

(2) RBGHEE S, ¥ 2 F 0 R R P ARRITE S8 E R AT A, ke &
& W 4 RAR B IGUF , G0 553 R 0 oML — A ST TSR B A A VLBE, TTOLEE P i R AR bR SG
THEEETREE S SR

(3) HFREBE IR BGL FR i« T8 S B W 0 7 8, (E TR LAY 4 4y R PTRE 4 B0 1
¥, MRS AT O HERR L

(4) ZE TR BB IR BB FEARMGR TR BN £ E M, S 60
FUp SR R ) HoAth o AL B R & S B 5 s

3 UIRYBE SR EmHESEE X

70 EACLASE, BT Bk (AAP) B 51 R ANTHI X8, 15 25 F FF 15 N BT TR
BRI B R EFE T AAP B9 BL. Golterman'™ LU A B 3% 35 363K, L) NTA 57l AAP. 45 5%
R, BT FA Fe-P, ML A Ca-P, B K AW/ NIRE RN =AM M A . 75,
EIER NTA W 8 LK B 3 b B B7 28 TUAR S i YR B an A ML, CaCO, 1) & %5
Grobler % A\ %% B NTA 313 TR F 8 AAP 1 & & . Gachter & A7 & 3L, #E B &
HIEJR 4 F T, MEME00 Feo " TR N 51 E P, [ Bt UL R M Bk . &3, Fabre % A A
G 3 RIBEUEE Garonne WKL BB K B, Ca-NTA BB AT VE 4 58 AAP B9 5 U
AR (B fhIX — 2510 R T X Garonne T ¥k K HA B R AL B (DURR$) B9 4347

— T E , WE A R K A A A AR SR R B E AL YR A L AR R BB (R F R
R 7K fift S 1. 55 B 2 f e & DURRMI B 94T, R e E M R siE A, 300 P e T VAR ik
PFREME S EE . B, BREE R ERBNERXN T By BRBR A B . [ BK = # AL
FRYRE R /K G2 BEA BT, (BB 7K Bl vk B2 19 /N J2 T AR W B8 = 32 1 S W - g 19 R AW
X . Psenner 26 APV 5ty BD $2EUH 85 (BD-P, 40°C )55 18] ByK = Y 5 % 75 7 52 M 8% (DRP) ¥
BRI ER R, H DRP {8432 £ i 7K S0 ¥ 55 2% T B 09 1 R0 B2 3%l , 2 4 0 an
NaOH-P ., HCI-P (5§ JK & B ) VAHE [R]B7K DRP % B #9 58 A & BD-P, [H] 7K 1 DRP A A 38 7
K 25 B (RSP) 9 R B AT B 2 35 1 A B RR AR s R A B A9 54 . Hantke 28 AP & BUAE
HAR IR WA, 60 % S H VL (DOP) T A SRR B K i, ELK R EHE W IHE 7K T+ &
mige.



380 1A H #

3

11 %

4 H5iE

L EILHES, MBS ETIFE B 2 MRREMFR. RTME5 NIk, ERF—
AERAWTESB RSB FE, FEREFERFETRE EWEATEETLE TR
WM LR X 5B AN S ER M E EE X AMNE#EDS VIS-H B MK
AR X FHEHER B REFAERKARD PRMEIT 101 EFHIBELEY, HbERXKX
LW R E 2, GRS B AT 43 A B R A5 B R, — AR DA Rl B A LA B O AT S R A
BEBSEFEEE®R, BITR_RESTIBRYMEIRKOT HE EMERE T EMTR, DR
BT R ET

Bt X mABRAREITHELABE, FHEH.

& F X MW

1  Golterman H L. Reflection on fraction and bioavailability of sediment bound phosphate. Arch Hydrobiol, 1988, 30:1 -4

2 Sinke AJ, T E Carpenburg. Influence of bacterial process on the phosphorus release from sediments in the eutrophic Loosdrecht

Lakes, The Netherlands. Arch Hydrobiol, 1988, 30:5-13

FHWH . RIS PR S RS R E MR B X Bl 4], 1993, 38(13) 11219 - 1222
Mg BRI BT OSMESHM ST 5L BETRSRE, 1989,8(2):1-8
WRzk 1% Ui o B P A A M BR AL BT AT (1) 1B AR, 1993, 15(6):63 - 70
Chang S C, M L Jackson. Fractionation of soil phosphorus. Soil Sci, 1957, 84:133 144

R - Y T

Logan T J. Mechanisms for release of sediment-bound phosphate to water and the effects of agricultural land management on

fluvial transport of particulate and dissolved phosphate. Hydrobiologia, 1982, 92:519— 530

8 Williams J D H, ] K Syers D, T W Walter. Fractionation of soil inorganic phosphate by a modification of Chang and Jackson
procedure. Soil Sci Soc Amer Proc, 1967, 31:736 - 739

9 Williams J D H, | K Syers, D E Armstrong, et al. Fractionation of inorganic phsphate in calcareous lake sediments. Soil Sci
Soc Amer Proc, 1971, 35.250 — 255

10 Williams J D H, J-M Jaquet, R L Thomas. Forms of phosphorus in surficial sediments of Lake Erie. J Fish Res Bd Can,
1976, 33:413 -429

11 Hielties A HM, L Lijklema. Fractionation of inorganic phosphates in calcareous sediments. J Environ Qual, 1980, 9:405—
407

12 Psenner R, Pucskso & M Sager. Fraktionierung organoishcher und anorganischer Phosphorverbindungen von Sedimenten.
Versuch einer Definition okologschwichtiger Fractionen. Arch Hydrobiol{Suppl, 1985, 70:111 115

13 Petterson K, V Istvonavics. Sediment phosporus in Lake Balaton: forms and mobility. Arch Hydrobiol Beilh Ergenbn Lim-
nol, 1988, 30:25-41

14 Golterman H L. Sediments as a source of phosphorus for algal growth. In: H L Golterman ed. Interaction between sediments
and fresh water. The Hague;: Dr W Junk, 1977. 286 —293

15 Golterman H L. Differential extraction of sediment phosphates with NTA solution. Hydrobilogia, 1982, 92:683 — 687

16 Golterman H L. Sediments, modifying and equilibrating factors in the chemistry of freshwater. Verh Int Ver Limnol, 1984,
22:23-59

17 Williams J D H, H Shear, R L Thomas. Availability to Scenedesmus quadricauda of different forms of phosphorus in sedi-
mentary materials from the Great Lakes. Limnol Oceanogr, 1980, 25:1-11

18 Golterman H L, A Booman. The sequential extraction of Ca-and Fe-bound phosphates. Verh Int Ver Limnol, 1988, 23:904

-909



4 FRES IROBESH IR BREESEEX 381

19 de Groot CJ, H L Golterman. Sequential fractionation of sediment phosphate. Hydrobiologia, 1990, 192:143 — 148

20  Golterman H L. Sediment phosphate in lakes. Scope workshop, May 1 -5, 1988, Poznan.

21 Golterman H L. Fractionation of sediment phosphate with chelating compounds: a simplification, and comparison with other
methods. Hydrobiologia, 1996, 335:87 - 95

22  Ruttenburg K. Development of a sequential extraction method for different forms of P in marine sediments. Limnol Oceun-

ogr, 1992, 37:1460 - 1482

(28]
[

Baldwin D S. The phosphoru;‘composition of a diverse of Australian sediments. Hydrobiologia, 1996, 335.63 — 73

24 Olila O G, K R Reddy, W G Harris. Forms and distribution of inorganic phosphorus in sediments of two shallow eutrophic
lakes in Florida. Hydrobiologia, 1995, 302:147 - 161

25 wvan Eck G T M. Forms of phosphorus in particulate matter from the Hollands Diep/Haringvliet, The Netherlands. Hvdrobi-
ologia, 1982, 91:655 - 681

26 Grobler D C, E Davies. The availability of sediment phosphate to algae. Wat S Afr, 1979, 5:114-122

27 Gacther R, J Myer, A Meres. Continution of bacteria to the release and fixation of P in lake sediments. Limnol Oceanogr,

1988, 33:1542 1558

28 Gachter R, J Myer. The role of microrganisms in mobilization and fixation of P in sediments. Hydrobiologia, 1993, 253,103
- 12t

29 Fabre A, A Qotbi A Dauta, V Baldy. Relation between algal available phosphate in the sediments of the River Garonne and
chemically-determined phosphate fraction. Hydrobiologia, 1996, 335:43 — 48

30 Psenner R, R Puckso. Phosphorus fractionation : advantages and limits of the methods for the study of sediment P and interac-
tions. Arch Hydrogiol, 1988, 30:43—59

31 Hantke B, P Fleischer, L Domany, et al. P release from DOP by phosphatase activity in comparison to P excretion by zoop-
lankton. Studies in hardwater lakes of different trophic level. Hydrogiologia, 1996, 317:151 - 162

Species and Fractionation of Phosphorus in Sediments
and Their Ecological Significance

FU Yongqing ZHOU Yiyong
(Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072)

Abstract

The development of speciation and fractionation schemes of phosphorus {rom various sedim-
ents were outlined together with the elucidation of the advantages or disadvantages of the
schemes, and the ecological significance of different forms of phosphorus; suggestions for further

researches were presented in this field. They can be of great help to the relevant researches that

have been less conducted in China.
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