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Spatial distribution characteristics of phosphorus forms in sediment of Lake Hongfeng,
Guizhou Province
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Abstract. Lake Hongfeng is a man-made deep lake. Phosphorus of sediment samples that were collected from representative six
water areas were analyzed. Water temperature and dissolved oxygen were investigated four times in the field by multi-parameter wa-
ter quality observation analyzer YSI. The results showed that total phosphorus in sediment was generally high. The average value of
total phosphorus in surface sediment was more than 1500 mg/kg, significantly higher than that in the bottom sediments. NaOH-
SRP and rest-P were the main forms of phosphorus in sediment. NH,CI-P, BD-P and HCI-P contents decreased with depth, and
rest-P contents were stabile in vertical. Human activities (e. g. chemical waste water and artificial fish) greatly increased NaOH-
SRP contents in sediment. Temperature of bottom water was between 14.5 —23.5°C, and the maximum temperature differences
was 9.9°C in different seasons. The bottom water was seasonal anoxic or anaerobic, which may result in changes of sediment phos-
phorus forms. Risk of endogenous phosphorus release increased due to anoxic condition of sediment-water interface in deep lake.
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UMW b &b SO TR e AR, 7 TV B . T MU BRI T OV X 5RO (26° 267 ~
26°35'N,106°19" ~106°28'E) . JZMWIAE— A& = JF A T GE WA, T 1960 4 5 H #E A& K, it i L 1596
km® K G AR 57. 2 k. #1304 16 km, F3 55 4 km, 5 KIKIE 45 m, FHIKEE 10.5 m, S PEZ 6.01 x 10°
m’ , BT FE IR T |3 B9 4G IR A AT DR R SN A S B T 3 KRR,
BLR L Bt GRWE AR K R A ST E 2R IR MU R &R  CE& RN E R
AT AR AT , BE R A K+ B RKAS £
1.2 HERmRESSH
121 LA & WRIBTTRU IS Je R B WA AN A B N 15 Y A3 A, Be BBURE A8 I (THY ) 2 B3]
(YC) At (NM) (B hHE(SM) JJ5 F.(HW) FIKI( Dam) 6 MERMRAE (K D). FIHTH ST
TR B R AR TUR AR S 4% 2 om JEAT40E X AR RE & , SR FH B0 25 ¥ TR T 484 ( Techconp
FD-3-85-MP) ¥ T4 T 15 M RE i IS S BRI S 2 120 HRAT 26 TR A h 4 .
1.2.2 B ARBEM % R Hupfler 2% J& 1 S7 (0 BT BE A5 Ak 2 e g4 0k B URR W v 1
AR HEMIEE, BAASTE R (1) 1 mol/L NH,Cl 7 pH =7 £/ F & 0.5 h, $2H NH, C1-P; (2) 0.11 mol/L
NaHCO,/0. 11 mol/L Na, S, 0,, F) BD ¥, &% 1 h, 420 BD-P; (3a) 1 mol/L NaOH, 523 16 h, #&
NaOH-SRP; (3b)3 a 5B v (1% 41 Bk ) FH 2ok 0 2 00 V5 80 T % i 00 G 0B 35+, (B 5 NaOH-SRP (1 2518
7 NaOH-NRP; (4) 0.5 mol/L HCl E% 16 h,$2H HCI-P; (5) FRiATE 500°C &4 F K4k 2 h,3. 5 mol/L HCI
% 16 h, BE rest-P. BHIE A T5 P RARYE A [F] 48 U0 A B AR A AT 1 5328, 9 A 2 s i ) ik
20y, LIRS P S A B B U 1.

1 YU B IRAFIE S b e SAR IOy 51

Tab. 1 Sequence chemistry extraction method of phosphorus forms in sediment
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a. 1 mol/L NH,CL  FLB/K AR e 7R W 3 1T B (kA CaCO; 18T ) Sz BV AT I f) Bl , T 338 G2 Al
b. 0. 11 mol/L BD S ALIEIF IR B , EREHE Wk i) S LW AR AL 25 W 29 TR B
c. 1 mol/L NaOH  SRP. 5 OH ~ & T HEAT3CHe A 8k 58 43 S AL A s RO B, EWLBEAL 54, BN ERERAS & A0k
NRP S A= Wy, G AR TR o A LB RIS, LU SR B RRAL 5 W 45 B
d. 0.5 mol/L HCl  BRIRERZ: & AYBEFIBE A B , WO UK AT LI, BN E545 5 A0k
- 500°CHRA2 h A HLBERE A 5 R Y
3.5 mol/L HCI
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Fig. 1 Location of sampling sites in Lake Hongfeng
LY 5 ~ S0°C 522534 +0. 15°C , FEAf ARSI 0 ~ 20 mg/L, 1225 +29% .
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BRI DX SN T35 A0 1 0 X 40 S 1 A9 K03 DX Rl W90 A T8 9T 57 2 B8 Yl T R 4 9 67 e 4 2, 17 b 18
ST AR ) b R B TR T e . DRE AR, BT TR Y S 1 AR 2 B R TR R,
2L R R 8 T A

JE FIX 32 20 20 A % R R A i ) K HERR s, DR BB S A 293, 1 ~2299. 9 mg/kg
Z 0], B T A X AR 24 21 em Ab, DURRY) BB &R 779. 7 me/kg BESRFHE 2 1921. 2 mg/kg.
L ERUUR ) S AR 1932. 0 mg/kg, FIZ G, T UIEY) S S B ME U, 451. 6 mg/kg. LIRUL
U L) NaOH-SRP 32, (5 TR B 1) 51.2% ~ 67. 2% , $594E K7 1190. 5 mg/kg. T #RITFIH H NaOH-SRP
PIEAL N 184. 8 me/ke, 5 UTFM A B4 38. 3% . NaOH-NRP ¥{H 4 32.9 mg/kg, 2 i M1 6. 8% , rest-P
£ 107. 2 mg/kg, 2 &5 BB 21. 5% .

I X GURR ) E & BEAE 639. 9 ~2056. 3 mg/kg 2 [A], 32 ZPIARY) BB & & IR IR Y. UL
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Fig.2 Vertical distribution of sediment phosphorus forms in Lake Hongfeng

W S B AER)Z S em ZEA B BIRKME S5 ~20 em 230U W i BEAR R 35,20 em B DU HURR Y Bk &
I AT E 7E 800 mg/kg Z247. NaOH-SRP Fl rest-P 2 PUA 0 Y £ ZMRAFTE A, Wi Z A 5 DU Bk i
76.7% ~89.0% ,3I{H 84.3% . rest-P & HE7E 213.2 ~322.9 mg/kg Z[A], 4% & A2 #9728 fE A K. HCI-P,
BD-P A1 NH, C1-P & iz FE R B3 in B B B AIK, RZ VU b & i . TR Bl & A T ) LA fh 2 28
SEH1 NaOH-SRP & BARAL 5 Y. 5 RGP 2400, m i v &8 L AL v &8 0 2 B T DO R 4 9l 1 28 ) s LA
NaOH-SRP Fl rest-P 2 3. Jorfv 2 B AR Y Gl & 5L 7E 751. 3 ~ 1824. 8 mg/kg Z [A], BEAIK T R IPIAH
NaOH-SRP &I B s i i B A, S UTEMY BB 41. 0% ~ 59. 3% , #4{H 50. 5% . rest-P & &7F 170.7 ~
315.0 mg/kg Z ], AE &I L ARfLAR K.

A6 F2 2 SRR ARV B AR AT T b IR B ORI e B, DU B BEAE 851.0 ~973.7 mg/kg 2
&]. NaOH-SRP 2 UL ) R ZEMAATEAS , 7 SV 38. 4% . Lk, NaOH-NRP {0 111. 5 mg/kg, 2,5 &
BEhY 11.3% |, rest-P Y{E K 327. 2 mg/kg, 2 i B9 33. 0% .
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1.9 mg/L. 2010 4FAZ= 110 1Y~ 180 DX R K A i 4805 L KR E T B 22 57 72 4.8 ~ 5.7 mg/L Z [, S 4
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Fig. 3 Seasonal variations of temperature and dissolved oxygen in water body in Lake Hongfeng
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3.1 LTAHITLAR 4 S T T 7 T2 25 B 30 T 7K T 23 18] 43 A 44

ST H b N Ay 5% 0 726 500 35 M X, VRN 1% 35 85t SN A S K0 80% Ze A S LK, AR N TR
M5 K A 3 5 7K HIE I B ) T 0 2 S s e e ) X OB L B S R S e L
] 24 5 e

5 T 0 X R 2T AR 5 . T R AR 5 £ 1 X, 28 1990 DRI X /A S A A % 11 el ik o i 2 2
A6 T ) 0T AR 30 A A 3 , AR ) A 745 ) A 5 T 5 49T e Ak e PR R 2 e U AR
TEWIE , A% X A A TR Bl RURIAS HILITR S 2 fi ™ B 10 X IR 11X 22 2 AR D Sl o b 5, 19 (1
it 2500 mg/kg, Femi{iik 10021 mg/kg' . 21 em TR 2 T AT 2 S 128 I 5 5 1 Dk b 4 1 4=
S8, FC BRI A0 25 5t S T L S5 B SR IR A1 5 T30 1X 2 2 VTR L NaOH-SRP Wy =,
TR BRI 51.2% ~67.2% ([ 2) . WA 37 (0 0% sh Ak 1k 2 i , 322 DU Bl &tk LU IR 40 37 £ ) S99
TR B B B R A T 29 20% ~ 25% , HL =Bt NaOH-SRP [ K MRS/ BT 8. eAh, % & 46 I 45 14
R BD-P AR AABLIUR A 0 B £ NH, CL-P 55 S B S FAAIR, T rest-P A9 3 B8 AL AR L35 5 FLBT AR LAY
WP BT AE T 25 M S 5 A 3 A IO LU BT 2 A 1078 A 76 40 36 I 33 0B 5 B 45 LR A ok T L K Y 15 4%
AR, EL RN T PR R K. (RIS, 5 26 J2 TR A B Mk A7 T 255 199 40 e 3 0 2 58 T i) IX AR A
WA R ASARL , 156 I R i 180 2 J2 OB v s T e [ — 95 e A2 3 ] — [N 36 R

Tl AR AT A AR L Bl T A L, A 3T PR TS Y e 4 0 R IR
AR P AL S AT 2 B AR AR IR () R U4 — AL Tl KO HERC S W & Bk, BB
FeERAE KRN X R T BT . ZTARU T AR S A 3 e, S T T e S LI R R L 2
JEUTR B & A 1500 mg/kg LA L, L NaOH-SRP S = BB AE TG 25 (F] 2) , 35 5 A0 T80 37 464 1 5 s T
b AT P 2. I X 2 AT — HH K 1Tt e K TR 5 380 X, R SR04 A DX 3
FEF, BB SR I AR BB, M A9 XA 4 A I 5 T LA A e B R 3 X R0 I R A B LA
NaOH-SRPHI rest-P 2y 3=, W35 2 F1 5 U4 SV 04 LB 7 38. 5% ~ 58. 8% 2 [B], #4{E > 50.3% .

BEAE BT UL S R AE T R B T HETS 11 T B, TR 52 Tl K S i HC DU AR A
HTE_E IR AR AL, AL 990. 3 mg/ke, B LA T HAD ) X BUAR Y, 52 B HLAD BT AR R S T A7
AR [7) (0 3 1 43 A5 WU I X ORI LA rest-P 2 32, NaOH-SRP % i 7E 315. 0 ~434. 0 mg/kg =[], 34
&4 380. 1 mg/kg.

3.2 FAME X AR RIS RIS 500

VKW i AN AETE AR SN Z LG, ORI K TR A AR B, R A S 750 7K A R % 3 T R e A o
B B E TRk T % 2 35 T 50 6 R W MR AL 2 DR R 5 I R, YR K R A A A 2 S
J2, MITTBARR T #/K)2 5508 B3k 2 B TR =22 8] A 106 25, LK TR0 K A A A AN A0 A 8 B2 30 K VR B 11 51X
B8, XA 25 2 8 BB AR X A58 N 5 A AR L 5 K Y R L, £ BRI AR T NH, CL-P 5 4 5, i ik
L TR ACHITE ORI K SR T BE 3h (45 K 3 4 3 A Sh A A A A i 35 R 4 30 ) e vk s 8 , AR
I B S T R R X 20 ) 2T BRI LR L) NaOH-SRP % 3 , 3 T R 5 K EUMINE /K 1K pH 43 A 45 55
YIS 2. LIBUSK A pH SRR b TR, X2 i T 32 R W 4 16 6 & 18 R i CO, 5 A il 45
pH 1, RS 2 A BT e G2 0k 255 WL TR B0 8 A 22 2 A 7 VS J2 T R A HLAR 25 pH BRI ™. A L
T, BB IR TR U R A (G R A 5 S 0K A pH B4 L THEE BB R UK SR pHL, AT
fiE i NaOH-SRP (i ™. Rt , ORI AR b NaOH-SRP i (5 S 9 Ay L9120 85 T A 980 760 92t 252 4 /K 940
T HCL-P BB R R0 5 o R I AE I 45 , 7K A BR300 v T Ll o 245 25 Ve A 40 o )
FU2 LT RRU R 45 4 S B 0 B K W AR I X, 7R R 1) L R

TRAK WA TURR Y FF il ) T hIC T e 2 4 2 2 B S P g A7) L Xk DIP ¢ 8 L/ e 8 S A ok
S A P S, L 2 T, W R/ e 5 S 7 135 0728 M e e . RS T, DR AR TR B R
16, — M X R IR 22 AE 14.5 ~23. 5°C 2 [a], B2 15 25 AR K IR 22 S W . B2, vl O JEE 4R 1R L 10T
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FRY K SRt ) o A 2 05 P AN Bl A 0 A i 30 sl A O R it , AU v A BILAS 5 285 A e v R A7 BIL I S 9 i
B B KA. TR (R T S I, T RE TR — i N B BCETURRY I K B BDK Y pH (R
pH (2 TR B R BB N R ) Bl 450 T Rk NaOH-SRP( 24 Fe/ Al 45525 ) IREIL,
BRVEZRAE T ek HCI-P( B Ca 855 7885) MRL. ML 312280, KK pHE R T 8. 17 2 k&
£ OH™ 5 PO, 324 Fe (1) FUMCHR R CEBRRERLAT M 26" LDWU KA pH (8 —R7E 7.6 ~8.9 Z ], ifL
R pH (8 S BORAFIE SAL I R 2 S BN IR RO 78 4 T RE & AR 1.

VAR SR R W B K DU S i S st R 1 7 B D AR A K A T T 1 A0 S K AR
I A2 AR DL AEINT IR AN B AR A 5. —RIA , K RS A5 i ST phe s DLAR) — /K S T i 9 D RS
A5 1), SR 5 AV A 2 NaOH-SRP B 75 5 A I I 6 37 52 B SR , Yk L i b T 48 ABIR S
SR T A A, ISR ST R T UUR A LK v B R R A R BT R SRR SR IR, R
P Fe(OH) A8 AT 1Y Fe(OH), i NaOH-SRP BEIale AZKIAR™ ™" — Bk, B AT 2K 1A i 0 s At 4
BGOK A 7, AR T 4 T K A S SRR R 22, I UUARW) — /K ST b /K A A b T i S B 2 IR AR,
LEKRFRZE R T Fe( 1) NH,-N RIS 5555850 R A A4 B9 W1, L0 4247 R 22 M0 1K ¢
KB R I X KA ERR i S R T 0. 2 mg/ L, FoAl A X K AR R B i A e (@8 W AE T 1.5 me/L,
FRZEIA LR KA A TR 5 S BUR TR S — e I S S A PR T, TR B K (A (A b 245 1 Y B S
PRACIRZS. 17 NaOH-SRP LA TR i 2 BEAIRAEIE S AR MO0 J28 ISR S 5 2 M K
AR B IR K — KT DX A PR R X B A

4 it

1) AR TTAR Y Al b i vy, SRR DU i B W] Y 2 T N AR ULARY) . NaOH-SRP Al rest-P J&:
DRI Y 2 ZRAF IR 25, M 2 F L DURR) S B Y 75% L) L. NH, C1-P Fl BD-P 3R 2 & & ey , BETR BZ 1Y
JNBA AR rest-P 2008 25 4 7 i T _E ALK

2) LA A N R Bl e B M X, TN PR AR R 0 A 57 #0035 Bl AR ORI N T DAY NaOH-SRP f 7
AN, LA TR b5 W R 2 14 NH, CL-P 5 At S 4B JR A& s ) BD-P .

3) ZIHRIIBCTR , A A B AR IR EOK B 27 14,5 ~23. 5°C Z ], B0 28 AR R /K il 22 5
WA e St e (R W S e T 1.5 mg/L, B PR AL T 2 A e SRR SEOIR S AF 7E SR 9 NaOH-SRP
NH, CI-PF1 BD-P 25 A IR RS , 154 I (R FE i R 0 i 0t 2% 28 B0 0 DT ARV A R B R T ML 1 L 422
1 PR 2R B B T WS

5 &3k

[ 1] Sendergaard M, Jensen JP, Jeppesen E. Role of sediment and internal loading of phosphorus in shallow lakes. Hydrobiolo-
gia, 2003,506(1) :135-145.

(2] JERUH, Kk e mIAF. R K A A IR Z AR L S b ——2 BRI BT WL S IR T %
e, WAR,2006 ,18(3) :207-217.

[ 3] Marsden MW. Lake restoration by reducing external phosphorus loading: the influence of sediment phosphorus release.
Freshwater Biology, 1989,21(2) . 139-162.

[ 4] Van der Molen DT, Boers PCM. Influence of internal loading on phosphorus concentration in shallow lakes before and after
reduction of the external loading. Hydrobiologia, 1994 ,275(1) : 379-389.

[ 5] Rockwell DC, Warren GJ, Bertram PE et al. The US EPA Lake Erie indicators monitoring program 1983-2002 ; Trends in
phosphorus, silica, and chlorophyll a in the central basin. Journal of Great Lakes Research, 2005,31(2) :23-34.

[ 6 ] Burger D, Hamilton D, Pilditch C et al. Benthic nutrient fluxes in a eutrophic, polymictic lake. Hydrobiologia, 2007,
584(1): 13-25.

[ 7] Elsbury KE, Paytan A, Ostrom NE et al. Using oxygen isotopes of phosphate to trace phosphorus sources and cycling in
Lake Erie. Environmental Science and Technology, 2009 ,43(9) :3108-3114.

[ 8] Ozkundakci D, Hamilton DP, Gibbs MM. Hypolimnetic phosphorus and nitrogen dynamics in a small, eutrophic lake with

RKNBVEINES 212 B nnA/ SHERL22 a1 5 HBEN  priks+e o R 198 wI9GND ! v ) AR 22 AA 4= AN1D /OQ /DT



796

[22]

[23]
[24]

[25]

[26]

[27]

J. Lake Sci. (#1:64+5),2012,24(5)

a seasonally anoxic hypolimnion. Hydrobiologia, 2011,661 . 5-20.

Ruttenberg KC. Development of a sequential extraction method for different forms of phosphorus in marine sediments. Lim-
nology and Oceanography, 1992 ,37 :1460-1482.

FEWOHT. AU B A 25 5B 48 MRS R b2 7 L. A2, 1993 ,38(13) :1219-1222.

Hupfer M, Gfichter R, Giovano R et al. Transformation of phosphorus species in settling seston and during early sediment
diagenesis. Aquatic Sciences, 1995,57(4) :305-324.

Kaiserli A, Voutsa D, Samara C. Phosphorus fractionation in lake sediments — Lakes Volvi and Koronia, Greece. Chem-
osphere , 2002 ,46 :1147-1155.

RITHRL G, BAEAE. BOKEA U P BRI HBER (LRI KRR 2003 ,14(6) :714-719.

Kim LH, Choi E, Stenstron MK. Sediment characteristics, phosphorus types and phosphorus release rates between river
and lake sediments. Chemosphere, 2003 ,50:53-61.

BUHE, L A, A o WA P B S ST TR AR A RN ST S WAL, 2006 ,18 :199-206.
ATCZE, AT, R A= B AF . LD LR 2R 4 mT R TR 6% 20 A R A B HG 5 R AR B LG 2R A B4, 2010,
22(4) :513-520.

EmAE L R, H M. TR AR M2 5K B 58 R AL BTIE AR ,2005,17 (1) :54-60.

T3 L, 7 R WA A TROK N L R A6 A b R Al 2 i BRAIE 5 - LA SN 2D — 1 AR W1 o 9], 3R 5 BRI,
2010,38(3) :262-270.

WRICZZ 5k 4, SR T4 ZORGBIIR IR TS Je i 2 1) S0 AR AR 2000 26+ = I BRigiin K218 308 ,2000.
OB o BRMCE AR, — T SEBUR R K TR SRAE BT DUR AR SR AR A . MR 5 PR, 2011 ,39
(1) :121-124.

RICH. bt AU b R BB SR A R MO S 5 B RO R MR [ 20083 52 h R B
HuERAL 25T BT, 2010.

KL R0, E O BRI TR BRI Y B R —— R AR Bl ). Ol BREE A 2 2% 41, 2003,22.(6) -
762-764.

REE. RV LS5 R AL ER. Juat  Bb ik, 2010.

Kozerski HP, Kleeberg A. The sediments and the benthic pelagic exchange in the shallow lake Muggelsee. International
Review of Hydrobiology, 1998 ,83.77-112.

FIenn AL AR, S AT B R 3R )2 DU B 00 KA TS 25 B A A AU AR AR BB 24 i, 2009, 18 (5 )
1620-1624.

SAANL, 2 BT B ORISR TR v B AR O P AR AE 1) T R . BRI A4 4, 2008 ,28 (1) ¢
24-30.

FHE, L X RUESE. BBUK R pH 426 2048 T RIS DU ) T B A B OCRFE. #1IB R4 ,2009,21(5) ¢
663-668.

TR, ARG ST 4 A6 B B A BRI DR SO R AT 1T 5 W1V L 1998 ,29(5) :508-513.

Gomez E, Durillon C, Rofes G et al. Phosphate adsorption and release from sediments of brackish lagoons: pH , O, and
loading influence. Water Research, 1999 ,33(10) :2437-2447.

AR, BBk B AR BB AL TR Y I B AR A R . BRI ALE ST, 2004 ,17 :34-39.

Vopel K, Gibbs M, Hickey CW et al. Modification of sediment water solute exchange by sediment-capping materials
effects on O, and pH. Marine and Freshwater Research, 2008 ,59:1101-1110.

Zhang RY, Wu FC, Liu CQ et al. Characteristics of organic phosphorus fractions in different trophic sediments of lakes
from the middle and lower reaches of Yangtze River region and southwestern Plateau, China. Environmental Pollution,

2008 ,152:366-372.

RKIBLEINE L2 B noRASHRERL22 a1 & HBN — ks T B E R 198 wIY9%GN ! v ) AR =2 AA

219 /0



