AR 2008,27(1):0279-0285

Journal of Agro-Environment Science

KT TRk MR B SR AR ER R
AARR, B M, EE3, BT

(" SR AU BE WA A SR AT S rhL, Jbat 100012)

OB KILR R 7 K EINA R IZDORRY , BRI Y B S AR AR 1 (SMT) e T = rp iy il JCHLe
BHUBE ERRBE RS BESE 6 IR0, AT T & TR A Z R L K 45T 380 S U TR B b PR BT n S8 R A HLT , AR A sz ] Y
A, SERFM BT I, RZ TR S0 & 87 217.8~3 337.2 mg- kg™ 22 18], 3 rT 19990 S B A B i T ORI ToRR
IR R JZUIRRY BB LUTCHLBE S 3 A AUBE R, 5038 b S 0 L) 24504 T 60%~80% 2 [1] ; AT A8l 1% 1t 19 A8 Ak v el >k
F ,FelAl-P>0P>Ca-P, 1fif I\ 71 4375 F 75 fb 15 FER B, I J2- Fe/Al-P>Ca-P>0P, 2T TP & EH IR I 223K H Fe-P #54%,
Hyk A OP #4); OP Frit 5 Ca-P il Fe/Al-P W) & B B IEAHICIC R i Ca-P 15 Fe/Al-P FHUE RS AIAHICH: . TN A AL
5 OP TP Ca-P #il Fe/Al-P ¥ 24 B4 EAHSE . TFe,0; 5 Fe/Al-P TP OP 24k B IEAHSE, i 55 Ca-P YA SEMEH:5S;Ca0 5
Ca-P S IEAIDE, 5 OP A —& MIEARSC, 5T S n BN A sl HAA s AR DG

SRR K DR s BB s AR 5T 5 43 A FRAE

RESES . X524 XHERIZE. A XERS1672-2043(2008)01-0279-07

Phosphorus Forms and Its Distribution Character in Sediment of Shallow Lakes in the Middle and Lower
Reaches of the Yangtze River

JIN Xiang-can, PANG Yan, WANG Sheng-rui, ZHOU Xiao-ning

(Research Center of Lake Environment, Chinese Research Academy of Environment Science, Beijing 100012, China)

Abstract: Total phosphorus (TP), inorganic—phosphorus (IP), organic-phosphorus (OP), Fe/Al-bound phosphorus (Fe/Al-P) and Ca-bound
phosphorus (Ca-P) in surface sediment of the seven shallow lakes along the middle-lower reaches of the Yangtze River were measured, using
the standard measurement and test(SMT)procedure of phosphorus forms in the freshwater sediments. Correlation coefficients between phos
phorus forms and sediment geochemical characteristics, such as total nitrogen, organic matter and major components were analyzed. In the
study area, the TP content in surface sediment varied from 217.8~3 337.2 mg-kg™, and the TP content in urban lake sediment was generally
higher than in five-big freshwater lakes sediment, such as Taihu. The IP was the major phosphorus species in surface sediment, and account—
ed for 60%~80% of TP. In terms of the range of phosphorus forms content, Fe/Al-P>0P>Ca-P, whereas the range of percent content, Fe/Al-
P>Ca-P>0P. The increase of surface sediment TP content was mainly due to Fe/Al-P and secondly to OP. OP was significantly and positively
correlated to Fe/Al-P and Ca-P, Fe/Al-P was only weakly related to Ca-P. Total Nitrogen (TN), organic matter content were significantly and
positively correlated to OP (r=0.931, 0.933), TP (r=0.854, 0.862), Ca-P (r=0.817, 0.826), and to Fe/Al-P (r=0.697, 0.708). TFe,O; was signif-
icantly and positively correlated to TP (r=0.867), Fe/Al-P (r=0.856) and to OP (r=0.702), but only weakly related to Ca-P. CaO was signifi—
cantly and positively correlated to Ca-P (r=0.734), definitely correlated to OP (r=0.569), but not or only weakly correlated to the other phos—
phorus forms.
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Table 1 The location of sampling sites

P JITAEN VALY R
T-m1-33 PN S MEZE AL L K ) N JHT 14k Nl
T-m2-4 G GE Jbh 31°317 325" , %% 120°09 340" i, JK)HE
T-x1-4 PG TIMNABEZR NI —3 S M i
T-x2-4 VL Jb4h 31°10" 206" , Z4: 120°19° 4777 W
T-g1-3 I DT oo, = JCIE HiE i
T-g2-4 I DT Jb4h 31°24" 843", ZR&4: 120°15' 242" W
Tw-8 N B A XY Jb4 31°31 23", %4 120°16' 35" i
H1-6 LA Jb4i 33° 19’ 238" , %4 118° 50’ 57.1" W
H2-6 LR Jb#633° 19’ 269" , 4 118° 48’ 41.11" boiLes!
H3-6 LR Jb4h 33° 18’ 436" , %4 118° 48’ 3.8” i
Cc%-2 Hii R NI A2 7 A i
C-Sl18-2 HLib AT N i m P el il i
C-H14-2 Hii T ] NIRRT I8 Py firiE
B-Al-4 FRH dbgh 29° 37’ 727, A4 116° 08’ 419”7 EAUE
B-A2-4 FBH Jb4h 29° 37’ 505" , & 116° 08’ 739" EAUE
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Y1-17 I H MEFil, “B” FRIRSIERT /740 100 m Ak i
Y2-20 HIXH AR HES FIERT 740 2000m Ak i
D1-9 VLI B Jb4i 28° 54" 47", R& 112° 07' 10" ek, LRI Ak
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D3-8 VL] B Jb429° 03" 48" , R&E 112° 17 45" P, TR Ak
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Figure 1 SMT protocol for phosphorus forms sequential extraction in freshwater sediment
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8], o RAE H BRAE R 118 Y2-20, f5e/)MELH BE
FEHLIIN C-H14-2, FRAE 5 iR/ IMEAHZE 2 50 1%
MU SRR 0.24%~10.66% 27 8], 5 KA HY PRAE K
W T-m1-33, Fe/ME H PULE S G C-S18-2, Hifx
K/ MEAHZEWIE 50 15, 5 TN 2SI A ; =%
AL FAFEAR—E, B TN S S DR, HAT BT
P 2 e O AF N g, BT I R TN R LT &% i S A
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DURRWIRE i R 32 B0 2 4L R/ B AR Ry
Si0,>Al,0,>TFe,0,>Ca0>TiO,>MnO,, H:H Si0, iy & &
1E 46.74%~78.92% 2 [ii] ; ALO, 1 8.25%~17.93% 2
6] ; TFe,0; 7 2.53%~11.52% =~ [i] ;CaO 7£ 0.22% ~
5.20%2Jf] ; TiO, 7£ 0.67%~0.95%: [i] ,MnO 7 0.05%
~0.18% ], HH SiO, 5 TN A5 AR HAH I, T
ALO, . TFe,0,.Ca0 M| 5 TN & (1725 k A IhA 3k
2.2 MBRYHBNRERS

58 XA AN RO S R 2800 e 45 1
D3 2, URUIRE i A TR S A 1 B0 DL I 2,

ST TR EE R R DEIERE i b B B A
217.8~3337.2 mg- kg™t 2 [8], Fe K AE H BUAE KA AY T-
m1-33, e/ MEAE SLIH Y C-S4-2, fx K/ IMEAHZE 2
15 4%, B T K T-m1-33 4b, i RIRK Ak
iR TP ST 1000 mg-kg?, i3k FH B
WA BOREEL L TP SRS 1000 mg-kg, AT DL
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(1) TCHLBE, R FE S oAU & 7 144.7~
2912.6 mg-kg™ Z ], F KAE H BUAE R T-m1-33,
oo/ MU H PRAE S Y C-S4-2, Fie R/ IMEAHZE 2 20
%, oA S B AR S, oL 5 R
FLEE VL ITE 54.1%~89.2% 2 8], KH437E 60%~80%
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(2)Fel/Al-P(NaOH-P), ix B Firiill i i) Fe/Al-P
FEFEBE Al Fe \Mn (140 B KA P T 2L i
B En AR R R R, S5 AIE A, &
BRI TS K Tl K 78 A i FT e bl
Fe/Al-P 5578 34.4~2 470.6 mg-kg™ 2 0], fix KAE H
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Table 2 Concentration of phosphorus forms in sediment samples
B e TP Fe/Al-P CaP IP oP
Img « kg* Img « kg* & TP% Img * kg™t & TP% Img « kg* & TP% Img « kg* & TP%
T-m1-33 3337.2 2 470.60 74.03 391.5 11.73 2912.63 87.28 402.53 12.06
T-m2-4 404.8 59.40 14.67 203.78 50.34 255.43 63.10 117.58 29.05
T-x1-4 420.5 34.41 8.18 333.48 79.31 365.98 87.03 4275 10.17
T-x2-4 451.3 56.28 12.47 316.67 70.17 350.11 79.57 52.81 11.70
T-g1-3 306.8 61.70 20.11 110.99 36.18 165.95 54.09 119.58 38.98
T-g2-4 420.2 128.76 30.64 124.53 29.64 241.11 57.38 135.71 32.30
T-w-8 809.2 338.12 41.78 264.36 32.67 594.28 73.44 191.10 23.62
H-1-6 631.7 121.53 19.24 295.65 46.80 413.15 65.40 182.58 28.90
H-2-6 639.9 148.46 23.20 283.05 44.23 432.78 67.63 175.74 27.46
H-3-6 654.6 145.21 22.18 298.10 4554 441.43 67.44 182.94 27.95
C-$4-2 217.8 59.28 27.22 94.05 43.18 144.76 66.46 63.15 28.99
C-S18-2 2325 37.24 16.02 150.20 64.60 189.95 81.70 43.39 18.66
C-H14-2 221.0 150.73 68.20 57.31 25.93 197.12 89.19 26.17 11.84
B-Al-4 486.1 255.11 52.48 100.96 20.77 314.37 64.67 130.93 26.93
B-A2-4 427.6 172.97 40.45 117.08 27.38 288.57 67.49 123.15 28.80
B-B2-4 397.7 188.26 47.34 127.99 32.18 310.91 78.18 65.11 16.37
B-C1-3 323.7 108.98 33.67 89.31 27.59 200.50 61.94 109.25 33.75
B-C2-3 291.2 134.12 46.06 66.04 22.68 171.17 58.78 79.88 27.43
X1-10 1062.4 294.44 27.71 435.90 41.03 726.76 68.41 280.93 26.44
X2-10 1035.6 304.06 29.36 485.50 46.88 794.40 76.71 201.14 19.42
Y1-16 1640.0 591.20 36.05 565.62 34.49 1155.66 70.47 413.22 25.20
Y2-20 2051.0 981.63 47.86 627.79 30.61 1569.88 76.54 397.59 19.39
D1-9 947.6 425.64 44.90 201.89 21.30 622.35 65.70 261.92 27.60
D2-7 739.8 286.10 38.70 214.74 29.00 504.40 68.20 202.57 27.40
D3-8 775.0 173.99 22.50 315.16 40.70 500.67 64.60 213.83 27.60

M H AR B R SRAEYIAS AT AR, 55 XA
HS R 57.3~627.8 mg-kg™ Z 6], R IAEL,
PUA Y Y2-20, e/ ME H B FE 1 1Y) C-H14-2, %
HHZE 10 5 A4, ZRALTE I L FelAl-P 2N £, 3
BRI Ca-P 19 AR | X 5 HOR TRy
HEAHFF4 . Ca—P fif 5 TP HLEEAE 11.7%~79% 2 8] , H:
HTERE S T-x1-4 H LK, 7F T-m1-33 H L
Hig/N, B AT 7 45, B AUIR AL FelAl-P /Nt
[ &3, A IIRAITIRY  Ca-P & I AL F
100~300 mg-kg™* Z [i], iX 7] fig i i [X. Ca-P 7 &Y
T HCEE

(4)OP, BHIANFRAF AT AIA, 5 N80
Sk, FEOREF AR RN, HE& B 26.2~
4132 mg-kg* ZME, FREHIAERDOT B Y1-
16, H/IMEHPUESIBA C-H14-2, WiZHEIT 16
5 ARAEIE AT FelAl-P 5 Ca-P ZJa], i AL,
OP /5 TP L YL FI7E 10.2%~39% 27 6], HHAERE S,
T-g1-3 i b E A K, 7EFEsh T-x1-4 TRy L A

/N IEAZEL 415, AR AR T L Fe/Al-P Fil Ca-P #
o
WIS AR ATE BT AR HALE AT
i TR LL FelAl-P h 3 HE TR 5 A
KGNS AOC B BRI A FRRRABESE . T
(VAR NG i R W S e = STV 2 B Rl wh NS ) AT N
W), HOTRW rR BT AR A A — i WAL
FEASTAN TG, T X 2 i sk, ol
S L Ca-P b &, AR BT IR M s 1, oL
W DL FelAl-P b 3 | TR XU e A 53

AT 1 5 1 — 2D AT
2.3 MR RS D FRYFE

TR B A 1 A3 A R AR TR BRI
BB B EENE X, TR R A
Z A 2 DL e S DR ) ) R e BRAR M T 2 (]
PR SCOC R A R T IANTR B A8 5 A FRAIE , DT B 4
ARG B S BRI S5 , X O TR A SR AT N A8 T
KA TAET 8208378 - 55 FEIRAT 087 T & B A8 (6]
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Figure 2 Distribution of phosphorus forms in sediment samples
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OP 5 Fe/Al-P Ca-P ¥R IAFIIEAIR KR, #iLH]
TR EKNY-, R OP & Xt Fe/Al-P Ca-P 5
FEYIA A T Ca-P 5 Fe/Al-P (AHGHEIR N, FE0H
PRI I AR XIS, AT RE R R 38 SR JEAS [
%,

L AT TR T BT A S LT R ) Bk P

JRUAE LT R B A A S Z Rl Y e R AT LA
FHSRAHEWTIURR D s () Fe PERY . Williams SFEE7ER 55
Erie 1§92 2 DIRRYII & BLUTRR M B 5 Hoh e
SHAMIANE, Ostrofsky S7EMT 5T 3 B A LRI 3%
JZUTRIN KBRS TOHLBIE S 2 (8] A LR S H L
W= AL HA BB A e
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B AR A SR E TEAHCCR, Hrp 5 oP
HIAH RS, 5 TP I Ca-P BYAH P&, 5
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Figure 3 The correlations of various phosphorus forms in sediment samples
*®3 MRYERPERSHESER AR TFe,0, f CaO Z HAEX
Table 3 Correlation coefficients between phosphorus forms and TN, OM, TFe,0; and CaO in sediment samples
P Fe/Al-P CaP OP
TN 0.854** 0.697** 0.817** 0.931**
KL 0.862** 0.708** 0.826** 0.933**
TFe,0; 0.867** 0.856** 0.536 0.702**
Ca0 0.249 0.014 0.734** 0.569*

TE: * 7£ 0.05 KF ERERSGE, = 7E 0.01 KV B EFEAC, GURKR) ;

HIEEBE SRR EY), TFe,0, 5 TP Fe/Al-P
F1 OP YAl 0 25 IEAH G OC R X T A 5245

— 319 15 Ca-P FHICMHL /N, Ca0 5 Ca-P AT
FIEARSCHE 5 OP A — & MAHCHE T 5 TP Fe/
Al-P [ SEHAR/NSBEAT . X — 25 R BRI T & E
BBERRIR 225

3 ik

S AIITAT 25 /K I EIUB TR i B
SR0T T LA AR 4t

TN HEAH n=19, A B FE A KL n=22; TFe,0, 1 CaO HYFEA S n=13,

(1) BFFE Xk, el 5 e 217.8~3 337.2 mg-
kg 22 (8], ST TR B B RIS K
RAK 5 DU il LA JCHLIE SR 32, 5 LB S el AT
R L Z BT 609%~80%22 0], AL A5k
SR IEE R , Fe/Al-P>0P>Ca-P, i )\ H %>
SR R E | R Fe/Al-P>Ca-P>O0P,

(2)TP & pin F 2k B Fe-P &4, HOk
H OP, M#Rtif5#B5 K A Ca-P;0OP 5 Ca-P Fl Fe/
Al-P B EBAF I IEAH G R, 1 Ca-P 5 Fe/Al-P H
AR A A
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