J. Lake Sci. (#ia#+5),2015,27(5):799-810
DOIT 10.18307,/2015.0506
© 2015 by Journal of Lake Sciences

Rtk MR R EBESS R EERBFE

T AR AR TR e 2 LR, E OFLE W
(1: B WITTBR BRI T8 | L) 650032)
(2 P E AR AT BE WA A= AR A0 3, FE R IREE Ry 970 75 Y g i J 5 5230 =, Jb 5T 100012)

O W B A A IR ST SR 35 A AR DTRG0 A REAE LA S DURR ) P R sh 2 R AE A TR
5%, BRI R B VTR R R AR & 5 RN A HLEE (OP) (1482.49 = 1156. 82 mg/kg) > 4545 & &% (Ca-P)
(865.54 + 558. 40 mg/kg) > 4 B A AL W 45 & BB (ALP) (463. 77 + 662. 18 mg/kg) > 5% i 5 B (Res-P)
(218.52 £83. 11 mg/kg) > Al JFZAHE(Fe-P) (128. 13 £ 101. 56 mg/kg) > S5 I (NH, CI-P) (2. 26 +3.05 mg/kg) ; Eth F75
K B R AR T 45 IV K-, SMBEAS [R] ) DR B IR BN T IV ~ V2822 Ji] 5 T K 4 o 9 188 LA RURE 285 98 2 o f 5 L
R JZ VOB B A RO i RS R ST PR3 2H A B e F2 B R AR HE T 8 b P AN [R] X I B Al ) e KR
R R e RO B BB 1 (I BN - 0 > AN > AN > W10 X5 U Ith 32 DU fb s A R
Tl NH,CI-P Fe-P Al-P Fl OP 47, Horft ,NH, CI-P il Fe-P fiT (5 HL T 5K B 0 B0 5 BB K b s e Bl L i S
TCHLBE AN IR A DL 2 035 IR A G, BUn 25 L /K P 19 38 B B AL 8 22 4t 32 B K — 0B W 5 i e 3 0 vy 4 il ok —
UL RE DL S B SR TP WINO B R BRI, 75 ST A8 B o AR R IEAH S & 61T 0097

R VA B VIR s DK BEEA s BB

Distribution and release characteristics of phosphorus in water-sediment interface of Lake
Dianchi

HE Jia', CHEN Chunyu1 , DENG Weimingl , XU Xiaomei', WANG Shengrui2 , LIU Wenbin’, WU Xue' &
WANG Li'

(1: Kunming Institute of Environmental Science, Kunming 650032, P. R. China)

(2. State Environmental Protection Key Laboratory for Lake Pollution Control, Research Center for Lake Eco-environment,

Chinese Research Academy of Environment Sciences, Beijing 100012, P. R. China)

Abstract. The distribution status and release characteristics of phosphorus were investigated by studying the lease kinetics charac-
teristics and phosphorus forms from thirty-five sediment samples collected in Lake Dianchi. Results indicated that; The rank order
of phosphorus contents in the surface sediment of Lake Dianchi was organic P(OP) (1482.49 +1156. 82 mg/kg) > calcium-bound
P(Ca-P) (865.54 +558.40 mg/kg) > metal oxide-bound P( Al-P) (463.77 +662. 18 mg/kg) > residual P(Res-P) (218.52 +
83.11 mg/kg) > Fe-bound P(Fe-P) (128.13 £101. 56 mg/kg) > weakly absorded P(NH, Cl-P) (2.26 +3.05 mg/kg) ; The
amount of total phosphorus in overlying water exceed V class in Caohai and between Class [V and Class V in other sections. The
amount of particulate P(PP) is the highest among total phosphorus(TP) ; The process of phosphate release from the surface sedi-
ment to the water in Lake Dianchi mainly occurred in the first 8 h and the kinetics were divided into the rapid-stage and the slow-

stage. The rank order of mean values of maximal phosphorus adsorption rate (V. ), maximal phosphours adsorption capacities

max
(Qpax ) 5 the release potential of sedimentary phosphorus (IDE-P) were Caohai > northern coast > southern coast > lake center;
From the correlation parameters, phosphorus release can be inferred to obtain the contribution degree of different forms of phosphor-

us on release potential of phosphorus in the sediments of Lake Dianchi. Therefore, the evaluation of sediment phosphorus release
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risk should not be only limited to the analyse of the basic physical and chemical properties. Great attention should be paid to the
contents of different forms of phosphorus content and their proportions of total phosphorus.

Keywords; Lake Dianchi; phosphorus; sediments; overlying water; forms of phosphorus; phosphorus release

IR F T BRI KR R AR R 22 1] 9 4 X, 28 % 00 3R 1 Bk A 27 08 7 5 2 W 1 2R = ) s
FERBAVE PR BRI T, Rk A 2 25 R GE W TR ERAS T Bl A PR . NP 452 3 A8 WA K LR S
T LB 2 A R B0 A A R AL IR, 4 N P 25 L B/ VR R T AL 1] 4 90 - A I 25 5 Ak A
BRI 23 A 4 WA PR e AR W R 2R ER b, L AR T B 5 KV T BB L, T B B R
FIXTE KA SNSRI P B R AR 2, BRIRLEE (pHL I A SR ST ST 1) S8 A JEOIR B 9
SR S UK AR Sh 2 A8 B TR S K BER BEBR BE 22 WIIF K AL 2 L oK AR A LB &
R R T A TR I % 2 DR 26 ) B, 22 R 2% ) A S AR P AL O T
LA R,

TR A B B 8 T B A B TS AR Pl 4 T S e A gy T A I, SO BT T Kk BR3P
TEFRT AR S PR DL, R S FRBETE N ARl A48 2. ST AR, 56 T TR M Bl R ML 1 (9 B 9 7 B
BERZ R ROE Y TS (B — R R SR AL I s A TRV R, 21U
— AN ARFHEAT AT A SC AT AW 35 A RV REA RIS 3 %, RGBT T LB K-
BT ZS A AR HRAE , 35 MR IR 25 5 B0t R 00 56 2 11 R WFSE — 3 A AH T S0, AU 75 B Bl 22 1
TURUI 7K T B R T A AR, Ay o sl ) Yt 3 3 T 35 e A B

1 BPRLS Hrk

1.1 AR
: T HA TREWEHBY =R &SE, 2o
.- S * ' A8 T R S R = R, R TR A 6 Kk
ZRIIIA L e — A SR A D A s
WEHR 1990 m, 3 187 11 B 309. 5 km’, F K
..................... no & > S 15.7 x10° m’, Je KK R 10. 24 m, P By K %
o8 o o4 4.40 m"" L EL EA K MR B A R A
B0 D2 i B PR T A K TR A R, W
DI3 Dl pi3\ *, MﬂJ\V ASK TR 2 B B TR P A R
D7 pis R B A AT SR o U 2 A
................................................. B A e H T L 4k h
KABETTRBER LA e — LE Rl A0 T Al 5 ) 1
T, S AT (4 W 2 R 8 . AN R T
LB TR IFR, BAERA 1.3 x 10" « &
Terbie A, b AL S A e VL A R WA T
o4 19 Tl 5 A 06 15 KB & A A Y i T
WA E E R
1.2 EmRESLE
FHABAR AR AT 2013 4 3 A 43 HITEE
| EEN (0 =3) SMEIEE (0 = 15) WO K
] mitiitk | (n=6) FAMEBERIEE (n = 11)4 DNHIDCRESR
VTR FE 50T DL 1 (Frh, D4 BE R
&1 YR i A BZCWEIR , A RAE) . TURRPAE G e T
Fig. 1 Location of sampling sites in Lake Dianchi FEHIFE 10 em LAPY, 26 ASBRL 2 B8 R i 2%

AR

EARGE\E

EARCRR




1T AR AR KA mIETY &0 B AR AR A 801

(0] S50 B Ve RARAT, TR A S8 Ve TR A LS Ve UR TR ILEEA T 08, TR SR AR IS 24 20 em (9 L ATK.
1.3 KW H*E

131 YU Kok RS EJ’J /)”J DU h B (TP) &5 55 Ruban 284 H (9 R B vl 1 22 51 2 HE 22
RN SMT 438 )53k E ) AR B Psenner JESRIGE ™ MEHIEA (K 1).

# 1 YUY A RIBHE 18 SR IOk

Tab. 1 Sequential extraction method of phosphorus in sediments
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Fig.2 The experiment method of release phosphorus in sediments
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Fig. 4 Spatial distribution of different forms of phosphorus in surface sediment of Lake Dianchi
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Tab. 2 The contents of different forms of phosphorus in the surface sediment in Lake Dianchi

B w/AME/ (mg/kg)  BORME/ (mg/kg) PRI/ (mgkg)  PREZ/ (mg/kg) i TP [LBI/%

TP 1596.25 5558.50 3248.22 1020. 54 -
NH, CI-P 0.69 14.69 2.26 3.05 0.07
Fe-P 46.33 559.87 128.13 101.56 4.05
Al-P 103.98 3295.92 463.77 662.18 14.68
Ca-P 193.80 2998. 30 865.54 558.40 27.39
Res-P 78.72 496.30 218.52 83.11 6.91
op 830.99 4074.72 1482.49 1156. 82 46.90
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Tab. 3 The concentrations of different forms of phosphorus in overlying water of the Lake Dianchi

B f/ME/ (mg/L) IR AE/ (mg/L) P34 {E/ (mg/L) PR/ (mg/L) i TP LA/ %

TP 0.09 0.70 0.16 0.10 —

DTP 0.01 0.11 0.03 0.02 16.20
DIP 0 0.09 0.02 0.02 8.71
bDop 0 0.04 0.01 0.01 7.48
PP 0.05 0.62 0.13 0.09 67.61
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Fig. 5 Spatial distribution of different forms of phosphorus concentrations in overlying water of Lake Dianchi
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Fig. 6 The release kinetic curve of phosphorus in the surface sediments of Lake Dianchi
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Tab. 4 The release rate of phosphorus in surface sediments of Lake Dianchi in different intervals
IR ] B/ h
WX geitit
0~0.5 0.5~1 1~2 2~4 4~8 8 ~15 15 ~24
O fe/ME/ (mg/ (kg + h)) 1.43 0.41 0.22 0.09 0.03 0.02 0
i KAME/ (mg/ (kg + h)) 3.39 2.53 2.53 1.09 0.42 0.14 0.06
S/ (me/ (kg - h)) 2.22 1.39 1.39 0.60 0.23 0.08 0.04
FrifE2/ (mg/ (kg « h)) 1.03 1.07 0.44 0.17 0.05 0.02 0.01
ANEEAEIE /MBS (mg/ (kg - h)) 0.29 0.21 0.09 0.03 0.01 0 0
B KME/ (mg/ (kg - h)) 7.09 6.85 2.60 1.58 0.46 0.07 0.03
SEH4ME/ (mg/ (kg + h)) 2.06 1.18 0.44 0.21 0.07 0.02 0.01
FrifE2/ (mg/ (kg - h)) 1.96 1.63 0.62 0.39 0.11 0.02 0.01
WK M/ (me/ (kg - b)) 0.08 0 0.03 0.01 0 0 0
B KME/ (mg/ (kg - h)) 0.91 0.71 0.37 0.31 0.10 0.03 0.02
SEXME/ (mg/ (kg - h)) 0.37 0.33 0.17 0.11 0.04 0.01 0.01
bR/ (mg/ (kg - h)) 0.32 0.29 0.12 0.11 0.04 0.01 0.01
SNEERETE /MBS (mg/ (kg - h)) 0.12 0.12 0.08 0.06 0 0 0
e KAE/ (mg/ (kg + h)) 1.53 1.36 0.55 0.31 0.07 0.03 0.01
XM/ (mg/ (kg - h)) 0.72 0.73 0.29 0.14 0.04 0.01 0.01
FrifE2E/ (mg/ (kg « h)) 0.42 0.38 0.15 0.08 0.02 0.01 0.01

A AT IRV B (RO 1y it B, SR — B S 2 R AT Q,

= Qo (1= ). X

T, Q.0 ¢ 2SR R (VLT B 31, TR (mg/kg) 5 Q. 2 8 Y7 A 4 A B8 it (I B KRS )
(mg/kg) sk Ay BT FH K ¢ BRI 18] (min) . — 2% 80 ) 2707 BRAR AP s 40065 1 TR0 2 )2 LA ) e
(K3 )12 1, R > 0. 70, 3K 5 i FAA KT (P <0.05) . Q. Fm ARBFI A T UURIBE I B AE ) ,



AT RS AR KRR BB 50T Bk R T 807

UBIBE R HCSH 2 R B SR SO R R DU TR 0, T 0. 14 ~ 11,76 mg/kg ZJi], P-4
{64 2. 12 mg/kg. AR X ZTORYIBEN Q... FIERIN AL (3.32 2. 10 mg/kg) > SMEEILSA (2.83 +2.82
mg/kg) >HNEERIR(1.43 £0.50 mg/kg) > 101X (0.99 £0.52 mg/kg) , AT HE 05 e KB HOE R (V,,,, ) H
). o TR A A KA B DR, R SE T T 7 A (9 A W 5 R s B B W IX 22, i IS 40 1
TEARBEMVIRHEA T , BRAF A BE VR VD TURE T )2 B U e SRR DD REREA T o S i, T2 & /B A BT
9 B SRR SR BE. AR VT, KR T i B 25 POL B LUk, B0ig AN L 2 5 22 AW
T[E P2 G0 X I, Bis MR T2 0 e VAR AT i Ak, BRI E ittt TS SR T RE , RIZ IR TR
FEAK A AN G OR A TR A DL 2 BB W) Dy 7R AR AR I A e AL SR R, B e 25 Gl Ry
IEBERRER (PO -P) ) BN 43 fift ok, 1 AT A7 T DU M) B v, 7 22 DR 0y ek D s 1 BEL 522 195
M, 5 1K PO, -P R FETE WUV B MR 32, AT 26 5 PR A R CHIIRLEE ) ARSE 1oL 1 30 4319 BIOE A 1 s
AT R PR, W00 DA X 8 B il L, DAL O e TP A BB & S HL 8 W I, PR 32 X S )
T, K S I VE IR K, BRI SR B TURR ) 1 43 e PR BE A, DL A A DR 0 25, TEHLA 4 IR I
I AT e LA FERXE P IR b, SR IZ DUR A 7E — 5 i B Wi 887K rh iy POS™ -P, LAEOE LA,
R PR RAIE

RIS GUBUI LE, B VUBUIT g6 5 R agparrist i om0 A Bt 5 RS A B Bt
B Vo A Qb THEMEAT (£ 5). Tab.5 The maximum release rate and quantity
WAV 4 JE & & Ca/(Fe + Al) >0.7 of phosphorus in sediments of different lakes
W 0RO MR T G T T 00T e (meke)
(Fe +Al) 24 0.78 ~ 1. 46 , R B E M ITRY) Ny

ST 45 I U A, L 4 T 44 9 24 ol 134 212
17°C K4k pH 9 7.59 ~ 8. 80. [ it , I8 3t 14 ﬁi‘?ﬁﬂ 2 i: 33(3) (1)8
PYIEBH B0 5 18 i B CaCO, ULIE £ SLH 5 Y 127 714 30
CaCO, YLyE & A FLUTHE , ILTUHE Y 1E R 1R b L 1s 488, 53
BE pH (75 8.0 ~ 10.0 SEIFP) BTN kol 35 e oo

5 AN FARBLRIBILAS T LA h 1P
SEBER Ca-P AR
2.4 RETBRYBENIERE S

ARSI X FR P BRI 1 () 7 SR )2 — 5 R R L, RIFE 1:100 4 30 AL AN K B 1B T B85 7 R
YK HR R PR K ST T e P R R, — SR U, 2K - B R A TR A s 1 B
PRI, T LR TG KR A 12 ) s L AR e ) R A v 7 (IDE-P) . o 35 2 TTC AR v il ) R i B A 7K - Bt
LU B3 IS, 7K 4 B He 22 20000 B B A8 5 SR AR 1A B e RAH, 7K - LU PG R, LB R it B A
TP (7). ERZTURY) IDE-P AT 32. 64 ~419. 00 mg/kg Z 0], AN A X BT Y IDE-P -2 {E
FIR  HMF (157,96 £ 94. 11 mg/kg) > AL (113. 45 + 87. 64 mg/kg) > HMifg g (80. 16 =
33.69 mg/kg) > WX (67.17 £30.01 mg/kg) , B0 X A1 T AT sh e, 8 2 B 5, OO o Ml x4
ZIN T S R Y 40 X I 8 3 X VAT AT 1 DX 3 A R A5 Pl TR TP 0 PP i, T e W R0
FIAIX R .
2.5 MR- L BB S SBEMER

PO PO (R 45 6 A W T LR WA () 1 st Bk 0 1 7 i AR, [R] Bk 5L A ] 19 A= A 20k, T LA
42 S WU R T A RIS ) ek b KA R A R B TR B S AT R S OB
R HLER B S N IR TEAE TR S R 4 A B WAL RE ) TR — K 2 Ml G R i ss i 6.
JEEJE B LLTCHLAS 9 PO -P oy 3, — HU BRI 45 B0 S AR VE B R SR DT T W v i (0 25 1, s O TR
AT A AR [ BRI B T WA R A P TR AR A 22 Y O R R VTR P B R £
NH, Cl-P Fe-P Al-P 1 OP #£47 (32 6) , E 1, NH, CI-P 1 Fe-P it /5 [k & %k, NH, C1-P 4525 5 B
Fe-P JLP#REA 160, - HAER R IREE T JL-F 1l LGB R, iX if— 25 Ui Fe-P MR HORFRE. 7390, M4 4k



808 J. Lake Sci. (#:6#F3),2015,27(5)

300 : 500

SMgALED — Bg
2507 400 o e 7
=200 o I
2 bl 3004 v I
) i —— iv) [9
EISO o D2 & o ——— DI1
= -+ D3 £ 200 —o— DI2
18 100 - =1 4~ DI3
= i —— DI4
oo 100 —-—-DI5
50 e —-o— DI6
-~ DI7
0- 01 -—-— DI8
—v— DI9
T T T T T T T T T T
0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 25000
kAt kbt
120 160
SN REHED
1001 1407 —— D26
80 120 0 D27
% —+—D 100 T Ba
] - ) e
2w B R B
£ 401 LD B S
# 20 TP g 0] S ot
| 20 —-e—- D36
0 0
0 5000 10000 15000 20000 25000 6 5600 IO(I)OO ]5(|)00 ZO(I)OO 25000
Y & =a 7kt
P 7 bR 2 OB T B R A B K 1 B ey A2
Fig. 7 The changes of the maximal release potential of phosphorus in surface sediment
of Lake Dianchi with the ratios of water to soil
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