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Abstract ; In this study, the characteristics of organic phosphorus fractions in sediments of seven lakes with different drainage basin
feature, ecological structure, and polluted levels from different regions were investigated, and the relationships between organic
phosphorus (P,), inorganic phosphorus (P;) and bioavailable characters were also discussed. The difference of the related content of P,
in different sediments indicated the discrepancy of phosphorus sources and biogeochemical cycles in different lakes. Organic matter (OM)
was significantly correlated with P, (R* =0.80,p <0.01), and except for Lake Qilu, OM was significantly correlated with labile P,
moderately labile P, and nonlabile P, in all studied sediments(R* were 0. 85, 0.52, 0. 80 respectively,p <0.01). The moderately labile
P, and nonlabile P were the main fraction of P_in all studied lakes, and the relative contributions to total P were 15. 12% -66. 73% and
27.99% -77.72 % , respectively. The mean proportion of labile P, was 6. 1% in studied sediments. The rank order of P fractions was
residual P, > HCI-P, > fulvic acid-P, > humic acid-P, > NaHCO,-P_, with mean relative proportion 8. 3:3.1:2.2:1.8:1.0. Labile P,
was significantly correlated with total phosphorus (TP), P,, NaHCO -P, and NaOH-P,. Furthermore, Labile Po was also 51gm[1canlly
correlated with T) , P, and NaOH-P,in all studied sediments, which suggested that labile P, was transformed into bioavailable phosphorus

0,

and the nonlabile P, may become a potential source of available phosphorus, although it was considered as highly resistant fraction.
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FEHL(1 mol/L HCI $2HL 16 h) J& % FSHAE T b (0 k)
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Table 1  Geographic and limnological features of the studied lakes
. FE KR % W
W A R E ’ B FORA
) %4 Huke R E[#24 P SD/m FAR
cl 117°21.716"  31°40.035’ 2.6 0. 40 -
==
3726 c4 117°23.026"  31°34. 886’ 3.0 0. 40 -
cl4 117°35.942"  31°31.554’ 3.8 0.45 —
Cl6 117°43.491"  31°36. 161" 3.2 0.35 -
QLI 102°46.864"  24°10.075’ 5.5 0.45
o i iy 127 QL3 102°45. 627" 24°09. 483’ 4.8 0. 40 R
Q15 102°44. 382’ 24°08. 945’ 2.0 0. 40
CH1 100°39.525"  26°28.353" 15.0 3.6
i g (28 CH3 100°40. 093"  26°32. 566’ 28.0 4.1 s 3R
CH5 100°40.352"  26°36.073’ 30.5 3.8
12 100°49.369'  27°40. 644" 29. 12
o g 2 00°49. 369 0.6 9.0 P
L8 100°47. 153" 27°42.537" 51.0 12.5
4 100°17.904"  36°42.944" 25 3.5
T © e kW
07 100°01. 428" 37°00. 43" 24.5 3.6
w5 108°49. 947" 40°59. 587" 1.5 —
i) CE-Ea L
HRE w9 108°47. 568"  40°51. 478" 2.0 — o -
H6 117°31.980"  49°1. 02’ 3.0 —
48 3 122 BOE SR R
HS 117°37.980"  49°18’ 4.5 —
1.2.2  UURYIA HLBE R 50 9005 224 B BL. 0.5 mol/L NaOH $2& B H A2 35 — 38 40 v 1%

DLW A ML 43 9% 3% 22 31 UM 2 BR Ivannoff
S P AR BV R P, 4R 3
FIE 25 WM P, A 0. Smol/L NaHCO, (pH 8.5)
16 h. SRIF /3 SIEL 2 0y LIE W, — il TP, 5
—{RWE PP, & EIFE OIIEW TP L P ;@
WPE P, 45 1 mol/L HCL,J5 FH 0. 5 mol/L NaOH #£

P (fulvic acid-P,) Fl—#f 3 JE 3% ¥ P, (humic acid-
P,). HHEEBRER L 0. 5 mol/L NaOH £ HU# 2 pH
=0.2, R A IR LT, & HLIR /5 4R B 16 I T AL
B.OE L3R A P, R fulvie acid-P,, humic
acid-P, il i+ 0.5 mol/L NaOH 42 B b P, 411 B&
fulvic acid-P, 115 ; @AEIE ¥ P, , 4% humic acid-P,
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5% S A LB (residual P,). 0.5 mol/L NaOH #2
WU B 5k 28 28 1K wh e, B AR TR A 550 C
FHRAE T b, B 1 mol/L H,S0, #i3% A X 24 h 5 il
TE VW B Y M T B A residual P,. St X EF A
FE I3 A5 A7 I 5 O R B (R, S2 8RR 22 <
5% . P, W IBCR DL AR IS A 40 P, Z AT S B
PR HLIE 5.

2 HR5ITR

2.1 UiRREHE

7ASWNA R Z VO A s A i WLk 2.
WO Y TP (% R s, @ i 1 300 mg/L,
HE 6 MHWEItHEY TP & &4 T 500 ~ 1300
mg/ kg, V-3 & B IWUF R A AE B > 5l > 48
W > B > BRERE > FigW. DI BrES
PLP o F, P & &8 B O 324.87 ~ 1218.56
mg/kg, 5 TP () 58. 1% ~87.8% ; P, & &L N
70.71 ~ 463.92 mg/kg, H iy i P, e, P
420. 11 mg/kg, G2 I A4S W e 4K, 35 43 51 A
95.96 mg/kgHl 98. 49 mg/kg.

TURRPI P A HLET (OM) & S 4.12% ~
19.54% ,0M 5 P, XM H B EMALLXLR (R =
0.80,p <0.01), i B A AL BTS2 A #L Ml 1) B 22 484k
EVUERY h OM A P JCH 2 P, 1Y A= W) M BR AL 27 11
HABUBER T P E TR T R E A M&
WBE S A R A R/ S B ) Uk
30 S A 1) TR K SF-, P AT LR R HEL W A
A LT Y LR ORI R i, & — R R T TP AT HE R &
BB AR AR UUB 4% RO A B A 4
A FEAEASE 32 b 5 - 2R AL 27 8 Sepy B 5 W
TR TG 3 AN N EFE A KD, P, &
AMUEEHR S X REY), S 5002 50w
WA AS TR 9 SRR AIE 5 e oA U 0w £ 25 9 R Ak
SEOE PR 22 . N IR VW TP R EOR IR TR
BB ARAR I ACRE W) B AR TP R TR
< DA SR | NTETR R 7 N i 7 RS VT A 7/ L o
FEXT B i 2% B LR U5 AR W M Bk AL 2% R A 1) 2
T Zhang PO R B WIIA T TP LA T A
A E TG YR VLR T P, AR & AR L
A TR 5 G S F R UTR . i A O R
WA 2 5 2 ARAR ) P, A A i I AR AR, 1R
12.3% ~17.6% , ] B2 F -3 M WIIR 40 4 A= 7= ) A=
K REMA T P, AR
2.2 UL P, IS S AR RRAE

B % 32 %
x2 FHARARYBELER
Table 2 General chemical characteristics
of the studied sediments
BEEE OM/% w N Fi ) P . ™ 71

/mg-kg /mg-kg™! /mg-kg™' /g-kg

Cl 7.46 1071. 84 866. 54 205.3 2.33
C4 6.94 662. 89 466. 37 196. 52 1.72
Cl4 6. 86 493. 34 330.97 162. 37 1.45
Cl16 6.92 525.77 355.67 170. 1 1.31
Q4 6. 86 517.26 342. 64 174. 62 2.44
Q7 6.92 519.8 324. 87 194.92 2.77
QL1 16. 74 829. 68 501.25 328.43 7.07
QL3 19. 54 849. 69 525.77 323.92 6.09
QLS 16. 06 702. 4 408.29 294. 11 11.31
CHI1 8.42 655.74 492.37 163. 37 1.69
CH3 5.7 614.26 475. 65 138. 61 1.87
CHS5 7.38 631.28 487. 62 143. 66 2.19
12 11.82 1458.25 940. 21 463.92 2.75
L8 16.4 1576.8 1218.56 376.29 6.53
W5 4.4 712.12 590.91 121. 21 1. 19
w9 4.12 540. 4 469.7 70.71 0.76

H6 7.88 742.42 656. 57 90.91 —
H38 6.18 601. 91 497. 37 106. 06 —

TURYI P, & RS0 & B RS 0 A A Rl 32
W3 a7 AR DT P, BB R A
84.71% ~109.31% ZI4] ,*F-31°4 100. 5% +2.1% . &
JES G UL b A AL 25 dH o & I B T
(T YUY, ATV b R R A AL 4L 5
EAAR K (H 45 41 53 B AR X & BT 4 ; residual P, >
HCI-P, > fulvic acid-P, > humic acid-P, > NaHCO,-
PRI ) A 8.3:3.1:2.2:1.8: 1.0, X 5
Zhang 470 1 Jin 451 (B IT 45 FAR— B R [
SRV 7/ NI | 2 D LR 3 S I E [ SR ) S I o
THE AL SRR 90% LB A R4 BIEE 36. 16
~99.73 mg/kg Ml 22.02 ~98.77 mg/kgZ A, /5 & P,
[ 15.12% ~66.73% F127.99% ~77.72 % . 5L P,
SREIHY T P, RN, KA RS
2.02 ~43.16 mg/kg, 5 P, 1. 44% ~9.50 % ,7 i
THIEYE P, 0BT & 5 6. 1% | BEAK T R A
I P M A (7% ) IS P, 4 HE P,
g ARG AR A L T P, SRR
RAE A A 45 o O RR - K S T A EVE AR
U NEYE PARSS 5 W oy i R /NGy T AL G W s IR &
A TR K A 220

B LA e 6 AN HCL-P, 2 i A
LB E B4 0, & 17.22 ~51. 12 mg/kg, (5 &
P, 1 12.11 ~55.11% , fulvic acid-P, &% & 4 5.59 ~
47.01 mg/kg, i P, 193.01% ~24.85 %. &K
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T S | % Z U R AR ) B P AR S P
TURK AR W |V R DS . R TR K A Tt
REASA U 1 AR5 PR 23, HA 1 D03E 2R 32
HiEL B IR AKAZS R GE ™ T K W R Rt
By 5 T A M B A 2 1 iR 2, B T — 30 00
AP, H 8P W A LB L R 1 I e T IROK

PE P, A 4w R R B AR TR A AL e R
4 T ) o ) T R IR R LA S dE s e
S E S B HLT, W 4 P A T R
PN AWl R P, (TR E P, AR S P) fE TR
JE Y5 Y DUR W) P i & 8 HL AR, Rydin™* 76 BIF 9% B
Ht Erken 1 TR0 0L 0, K LR A6 50% 1Y

WA S AR BT R I P, AR P, AT DL S O A )R] AR S
®3 NBRYHAEP, ASKWEE AXSHFERMEKRE"
Table 3 Concentrations, relative distribution and the recovery of different P fractions in the sediments
D, TP, Tt P, mmr
BBt (NaHCO,-P,) HCI-P, fulvic acid-P, humic acid-P, residual P, I ) & 0
/mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! /mg ke

Cl1 16.18(7.96) 41.75(20.54) 47.01(23.12) 13.22(6.50) 85.10(41.87) 203.26 99.01
c4 18.06(8.94) 36.27(17.96) 30.87(15.29) 21.05(10.42) 95.67(47.38) 201.92 102.75
Cl4 13.83(8.70) 65.21(41.03) 17.40(10.95) 16.39(10.31) 46.12(29.02) 158.95 97.89
Cl6 8.98(5.12) 41.4(23.58) 27.5(15.67) 11.49(6.55) 86.17(49.09) 175. 54 103.2

Q4 4.87(2.80) 24.72(14.22) 24.15(13.89) 48.33(27.80) 71.78(41.29) 173. 85 99.56
Q7 11.2(6.08) 17.22(9.35) 18.94(10.28) 52.65(28.59) 84.16(45.70) 184.17 94. 48
QL1 16. 64 (4.80) 43.54(12.56) 21.34(6.16) 12.63(3.64) 252.53(72.84) 346. 68 105. 56
QL3 9.01(2.54) 48.66(13.74) 21.24(6.00) 7.5(2.12) 267.68(75.60) 354.09 109. 31
QL5 8.28(2.81) 51.59(17.48) 13.58(4.60) 9.52(3.23) 212.12(71.88) 295.09 100. 33
CH1 7.58(4.75) 20.71(12.96) 73.78(46.19) 19.06(11.93) 38.61(24.17) 159. 74 97.78
CH3 2.02(1.44) 15.66(11.2) 48.87(34.94) 16.39(11.72) 56.93(40.7) 139. 87 100. 91
CH5 3.03(2.01) 12.63(8.37) 44.68(29.61) 32.63(21.63) 57.92(38.39) 150. 89 105. 03
L2 34.76(8.85) 47.6(12.11) 11.84(3.01) 58.67(14.93) 240.10(16.10) 392.97 84.71
I8 43.16(9.50) 57.12(15.12) 42.61(11.28) 35.51(9.40) 199.26(52.76) 377. 66 100. 36
W5 11.98(9.27) 46.88(40.17) 5.86(5.02) 16.63(14.25) 35.35(30.29) 116.7 96.28
w9 5.32(7.25) 40.43(55.11) 5.59(7.62) 9.39(12.80) 12.63(17.22) 73.36 103.75
Ho6 6.21(6.30) 37.72(38.26) 10. 64(10.79) 13.71(13.91) 30.3(30.74) 98.58 108. 44
H8 5.72(5.27) 45.48(41.88) 26.99(24.85) 17.77(16.36) 12.63(11.63) 108. 59 102. 39

D) 465 W izl ok 5 P, 1B B

A PR A ML ) of 5 3 R ik R HE R, OF AT AE
BB A o s ep 2 T Ak Ol AR nT R
FEBEsE I vl A b AR TR M P B 22,02 ~
298.77 mg/kg, 5 M P, B 27.99% ~77.72% . #
WA R RO RV RS T DR P, LLARE TS
PP, FEA Sy, H N 57,67 ~298. 77 mg/kg, 5
P, Y 31.03 ~77.72% , 1 R R E R AL A 5
Flg FOEAS W b, JE TR P, A 22.02 ~ 51.98
mg/kg, di B P, 1 27.99% ~44.65% . W] HEJE K 2
BRI B 0 AR W e AR L o W i AR TR P, OAE
SREL A Y R G A s MR P S
A AN T 3R AR RS [ 2R S 2B R vh P
G392 43 (A TR) B i 5 R Bl E D0 RR -k SR T Y 28
%ﬁ%[mﬁ-

residual P, & & 4 12. 63 ~267. 68 mg/kg, & &
P, () 11.63% ~75.60% . residual P, tJ2& W7 JT A
Vb P, R RSy, N BRE P A R -P

IR v UM Wi R T 2 ) o ) B4y, g — R
S WA LS, )2 o A 78 SRR AR DT
H 0l S AR AN R G W TR RE R .
I, ISR XU P residual P, B 5E 0 Gy T
2.3 UIBWIA AL S S HALKE R Z R 1 5CHR

4 RTE P, ICAS ST RIEE I E /Y P, B K&
HARXE A AV T P, LA HCL-P, A F &
B0 181. 31 ~890. 25 mg/kg, 5 & P, iYL E /N
36.81% ~91.16% ; H:-YkJ& NaOH-P, Fl NaHCO,-P,,
BT WIAE 23. 99 ~547. 98 mg/kgfil 2. 53 ~233.75
mg/kgZ 18], 5 & P, (1) 6.48% ~56.38% Fi 0. 56%
~17.01%.

FE Tvanoff 55 % Jr ik v KR AE P, A AH X i fife 1k
B e &M P, (NaHCO,-P,) FI3E % P P, (HCI-
P, Ml NaOH-P,) P #B 4r. NaHCO, #& Ht 7 #L #%
(Olsen-P) ZAFR T EFH K E LSRR, G H S
i >46 mg-kg R EHOLHRB T N EENE
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B % 32 %

FRE AR VIR R Olsen-P 5 B 77 76 W] 12 1)
FASCAE , HAE — % YL I N Olsen-P 0 AN 1 ¥ 28 1]
A FH Bl 0 B AR AR BN A A R, 5K
PRV i S TE PR SC R V). A5 TP BR O T 18 LA A
He o MUY T NaHCO,-P, Y AHXS 7315 5 B
WFSTHIA A & S SRS Ol — B HCI-P, 302 8
JITUi il Ca-P, EVURYI P ENEEMN PR, HW
B WK A L N2 DT AR v T X T B A

T TR YO B REESE F A, HCL-P, T]
REFNELA BH & 2% o /E A9 NaOH-P, —#£1E Ry 1] |
P I 22 o, 55 Ak o8 m R85 NaOH-P, — it 45
AL Fe %A ALY sl S E AL 456 B W, S DTR

K G AL 7 R AR5 R, NaOH-P, 1] DL g B il ok
DL R 770 A A A A T R0 R A A
TURRY V5 YL T2 3 4 55, Fe-P 19 & 28 &5, BT L Fe-P
T AR Ry BR800 — A bR Ak T

x4 BRBRYLERIET P HEEMRESH

Table 4 Concentrations and relative distributions of P, fractions in the lake sediments

R £ NaHCO, -P; HCI-P, NaOH-P; B P,
- i /mg-kg ™! TG B % o /mg-kg ™! T 580/ % FH/mg-kg ™! T 5 B % /mg-kg !

Cl 93. 14 10.75 656. 41 75.52 118.99 13.73 866. 54
C4 62.5 13.4 313.73 67.27 90. 14 19.32 466. 37
Cl4 23.53 7.11 198.53 59.98 108. 91 32.91 330.97
Cl16 26.47 7.44 214.1 60.2 115.1 32.36 355.67
Q4 13.75 3.7 331.5 89.17 26.52 7.13 371.77
Q7 8.75 2.36 337.75 91.16 23.99 6.48 370. 49
QLI 26.21 5.23 359. 06 71.63 115.98 23. 14 501. 25
QL3 27.35 5.2 363.11 69. 06 135.31 25.74 525.77
QL5 15.05 3.69 292.72 71.69 100. 52 24.62 408. 29
CHI 27.27 5.54 370.71 75.29 94.39 19.17 492.37
CH3 28.28 5.96 358.08 75.28 89.29 18.77 475. 65
CH5 31.82 6.53 381.82 78.3 73.98 15.17 487. 62
12 66. 25 6.82 357.75 36. 81 547.98 56. 38 971.98
L8 233.75 17.01 890. 25 64.79 250 18.2 1374

W5 25.25 4.3 497. 47 84.79 63.99 10.91 586. 71
w9 2.53 0.56 386. 78 86.27 59.04 13.17 448.35
H6 41.67 6.42 534.93 82.37 72.83 11.21 649. 43
HS8 5.05 2.21 181. 31 79.51 41.67 18.27 228.03

LW D) S R W WIRZUURR Yt W), DR K SR LS S S B T A PR A B

“UG M BE (NaHCO,-P, 36 PR 5 G P, A9 A X 73
A7 LU R R A T X 2 25 R AT g Rk
TR E FR K 5O WA B 5 R LAY b P
5P IESZEMEEACR. FE L B R)Z TR
YA LK AR Z I b T sl A i Y e —
AP BEARBL T AT LUAR B 554670 e A i
MAEY RIS SR E AW EEMER A AKET,
TORR A v i 240 T AT DA WROSC ot o ) B T2 4 P 1) 2R
B WEIREL , HAE DA S5 1 T fig V3R B0 b 1 E 9 R
IR ik B K A

DY P, KSR OM, TN, TP, P, P,
NaHCO,-P, ‘HCI-P, fl NaOH-P, Bk WL 5. M
Frpal DLFE 7 AN EIA 0 18 A REE SR P,
5 OM B IEA S MG M P, MG dE P, 5 OM K
R B AR, HEBRAC R M 3 S
J& ,OM 5iE ¢k P, HiE vk P, ARG P, # R B
WEMKE KR, AT REETEA LT TS e 38 & 1Y 4D i

T, B CR) KR A HLR A BB R i
WA K- A8 A BBl Tl 3R, b2 5 BN R B i A
Wk MEmz "% e PR PSS
NaHCO,-P, I & 35 A0 OC , Ui W] — 3% HoAA W AE
AW A RPEN AT A R 7 UL B W Bk B K iR
NaHCO,-P, BRI A Py A F 8 2. X0 F 7 A8
A BT A B dh, 3G % P, TP P, P, NaHCO,-P,
NaOH-P, 5 I 3 EA ¢ Ui W& 1 P, R4 5 ikl
APy e R . T ERARSE S BRIk RS + P, B AR
RIBRE R P, 280 WM P RiE P, A R
P, 5 LA ML A P, Al ZUHE (NaHCO,-P, ) £
WEEMEIR. B P, 5 OM TP P, NaOH-P,
RWFEMK, 5 P, NaHCO,-P, HCI-P, A K AEIF A
3 RUEAEIE M P, T B8 R A W n] R Wl 1 T
TEUR. NaOH-P, AT R VEH (T FRL 4 Jd 181 Fn K 19 ] )
FHPEB 200 2 B2 mT R 2 F Bz — AR
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Pris v A R E  AFs h UR AR P, S
NaOH-P, {25 1EAH 3G 5¢ F W] Be S it 1 78 i1y A 55
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Table 5 Correlation coefficients between P fractions and other geochemical parameters
FA oM TN TP P, P, NaHCO, -P; HCI-P, NaOH-P;
FEPE P 0.44 0.228 0.882" 0.802" 0.759 0.823" 0.561" 0.757"
" ° * ok *k ok B *k * *ok
(0.854 ™) (0.755™) (0.894™) (0.811™) (0.894™) (0.833"™) (0.5617) (0.767 ")
o P 0.322 0. 166 0.432 0.453 0.286 0.587" 0.328 0.228
’ (0.516") (0.406) (0.431) (0.460) (0.314) (0.598*) (0.333) (0.226)
M P 0.877* 0.723 ™ 0.636" 0. 381 0.959 0.354 0.173 0.634 "
H - o . . 4 . 4
(0.795 ) (0.707 ™) (0.789 ™) (0.622") (0.975™) (0.6127) (0.341) (0.834 ")

1) 555 N R BRACEE W 6 A W10 SR A 2 A LA AU 5 = AL s 23 301 26 7R |35 /K p < 0. 05 il p <0. 01

3 #ig
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KKFZR. AEEIATIRY h P,ARXS & &1 2 7 &
AH SR Y RN A= ) b KAk 27 0 A 1) AN ], 375 Qe R
Ve A LR & 2 4 B W s T b B G TR

() UL i AN 6] P21 0 B R X A 0
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