J. Lake Sci.(#ia#3),2019, 31(5): 1219-1228
DOI 10. 18307/2019. 0517
© 2019 by Journal of Lake Sciences

SR PSP B ) ot e Tk R SR K AR R EE AN U AR M B RS A R oI

H &4 FL % AL xEL
(1: BB R L A2 R KA LE ISP, )N 510632)
(2P ERL B B S A AT ST, B Rt 210008)

B E: SrENATURYBHE S 8L MR E R Tt TUR B RO AY OGS ARBIFTE 34T 17 B R A i 00 o Ao e i
G AR BRI BE N TURR B 252 A, LARRN B A P 10 8 0l /K At e B8 P iR, 45 2R s, BBl P i 0 L s T
J& » BREURBRR BRSO, BT Bt 2 60 d I, KA S JBURLZS W | S AR A R A I SNl 3 ) TR I
RE T 45.1% 44.1% (48.2% Fil 85.3% ; LERY Y585 405 15 A WA S Aade IR AR W 5 ek 0 /0, BECRGSE A I A0 4545 25 iR
BRI B i I, 0 <5 A S AL W A AL iR AN AR S 2 I A B Y RE SR VORI B 3, IS M e
PR E RBEIE A& , AT i LR 0 i iy 7 B ) R AR Bl o5 4, Atk .

SRR BRI 5 KA DU B A s K B

Effects of Lanthanum modified bentonite on the water phosphorus concentration and sedi-
ment phosphorus form in a shallow eutrophic lake

GAN Lei', ZHONG Ping', SU Ling' & LIU Zhengwen'>"*
(1: Department of Ecology and Institute of Hydrobiology, Jinan University, Guangzhou 510632, P.R.China)
(2: Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008, P.R.China)

Abstract: Analyzing the changes in phosphorus(P) forms of sediments is the key to understanding the mechanisms of sediment P
release control. This study investigated the changes in water P concentrations and sediment P-fractions before and after the applica-
tion of Lanthanum modified bentonite in South Lake in Jinan University in order to analyze the effect on water P concentrations. The
results showed that the total P concentration of the lake water decreased by 45.1% after 60 days of water P concentration of the lake
changed dramatically after the treatment, after 60 days of the addition of Lanthanum modified bentonite. Meanwhile, the contents of
labile-P and reductant-soluble-P were reduced and that of more stable apatite-P and residual-P increased after the treatment, but
metal-oxide-P and organic-P did not change. These findings indicate that lanthanum modified bentonite can change sediment P
forms and reduce the contents of the potentially releasable sediment P forms which likely contribute to the reduced P concentration
in the lake water and thus improve water quality.
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SRR - AR L B K A T (Bl , LT R 2 AR 26 T SR 1 TR 26 2, T R R T R A o i 1 i R
e 1, BRI B B R FE RSB DA% pH g 5~ 9 st R B ke I S 1
B AR MO BB AT . BRBCVE R 1 7 A Bk 24 200 &b oK fA e A5 LR S 72 RN | 0 A 25 I 45
— B SR R ) T AR DS T A I AR L BRI A TR T — S G T i i i -
IS FHRIFSY , (L 22 Ay P R el S 6 3 T 5, T A 080 S5 0 R AR/ DL, 4 41 52 560 Tl 4 T e 430 690 A i - Py 25 1.

BT ST TV T 2 T A B e S K PRl e LA R TR B T S A A, AR S A A A
B (NH,CI-P) EALE SRR (BD-P) &8 A LB (NaOH-RP) A HLBE (Org-P) B IR 11 454 250k
(HCI-P) FIERIERE (Ref-P) , LIRS0 M I8 L 3T UT R B R A 50 , o S S P 0 A e K W 5 %
FAk T4 B e B 7 AR AL

1 S 7

1.1 BFSEHA S 40 R £ A 43

WFFE1E R RS 1 (23°07'N, 113°20°E ) HE4F %00 T 1 28 T (1) Ji—> v /K 26 55 0L i)
LT 1958 48 AR KR 1.0 m, [ B2 4000 m®, KR & 8 ek e Y ia s g S ik, F
2013 4E5E AL T #RT5 TR, 2014 4E S0 T AVTAIPR R o 00 2R 0652, U5 T WA s8R . 4R, 2015
AR 2 A BT BRI I E SE RIS KA R R W, 0 L AR R IR S, UK T, WA MU R
SR ) B SRR A S R

TR HREARA R FHRAE. 2000 BRCPERZ I 7 0 4R B2y B 4.95% \7.80% Fl 132.9 pg/g. 2016
A4 28 .29 H 52 AR A - 75 0 S0 , VA8 0 A e RS b o R R S TR R )2 S em P P, (NH,
CI-P BD-P Fil Org-P ZH1) LK FBKMR TP 2 F0f Hit by 100 1, G0 W26 1. BRRCHERAE £ LA 3K 1)
TE S A 1

1 BCrE g A

Tab.1 The dose calculation of the Lanthanum modified bentonite

TIERY LK
\ ] . ] o o o PR U I P Tl i ARt R T
W SR, FHEE/ EEERR SEE/ B R St/ ke B IR
(ne/g) (g/em*) kg (mg/L) kg
76.25 1.50 22.89 0.16 0.72 23.61 100:1 2.36

* JUBRD TR LR HE K2 5 om TH5T, K IRTEIALA 4000 m? , /K % 1 m 15T

1.2 kBERESHNTE

EBDROK BT SEERAEITE] g 2015 4F 6 H— 2016 4F 4 F &P AR 1 U, BT A /K o8 s 6P 32 .
BRI ) R AL KRR AR ] S 2016 4F 4 7 26 H—6 F 27 H REFRATEDNH R 1 UGHE 2 FEA N3
RUWGUAA TR R LR RGN LR, SRR RAR I R340 _E 2 8:00 g, AT S LA HLBEE R K
RAKMFRIZ LT 2 50 em BKAE, I RAT , 45 101 5206 2 BEAT BRI S48 b B I

AR RS BE(TP) EA B (TDP ) FIVE P B 0 (SRP ) v B2 f0 G I >R SR B6 BT 3 6 6 BE Tk, it
RLASWE(PP) WE N TP W 25 TDP R 2%, AL (TN R 32 ARy 00 5 SR T a1 o I 1 255 0 Dot B 0K
PRUFHIYI 463 a (Chla) ¥ 2 AR A SR FH P AR SO Y6 I BE ) B P G o WA 48T 5 /K A o W
(SD) , i1 YSI-556 ZZ KK 5o i AL B Kl (T) g% (DO) \pH %
1.3 MRYHERRESATHE

JrF 2016 4F 3 H 22 H (F95HE) (2016 44 A 26 H Ik PERZIE /i 2 d) #12016 46 H 28 H
MBS PE A 15 60 d) SRAETURRPIRE A, RAE S SR EERAEGAHR (18 1) AR 2 4>, 3k 6 4>
SEATRE S AR VeSS (A HLBEIEAT K 32 em, 942 8.5 em) RRAE  CRAVIMITR 2 20 em. #5313
e L UIH],0~ 10 cm BRE L EIFE 2 cm DI, 10~ 15 em VA — 00 EAE AL ZEA T AR BE. F5 DT H0R BORE AL R AR
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O DA HPR RN ZE S S, a SC IR S R AE T 4°C kA TP RE .

DRI O 2 SO BRI R (1) 1 g SUBI T SERE &, 1 mol/L NH, CL ¥R 1
pH=7,25°C 4 F 2% 2 h,3500 %%/ min, Z5.0> 10 min, 5 0.45 wm BYFSHRLT 2k M6 ot i85 , 32 E NH, C1-P; (2)
SEBE (1) I ,0.11 mol/L NaHCO, ¥ 1 0.11 mol/L Na,S,0, %k (BD ¥k ) ,40°C & F72% 1 h,
3500 #%/min, Z.0> 10 min, £ 0.45 wm YRS ER LT 4o i 5 , 3R B BD-P; (3a) ¥R (2) FIARMFRE,0.1
mol/L NaOH ¥ ,25°C & F 2% 16 h,3500 %%/min, B0 10 min, £ 0.45 pm () 15 6 20 4 B 5t 18 5 | 42 1K
NaOH-RP; (3b) 3a A5 () 4 BORH 32 % 9 B BT e Je i L 5% (NaOH-TP) &4, K {55 NaOH-RP
2216 NaOH-NRP, Bl HLBE (Org-P) ;(4) P (3a) F&MERHE,0.5 mol/L HCI ¥k 25°CEH 16 h,
3500 %%/min, B0 10 min, 28 0.45 pum [ EEERET 4T U8 )5 , 2B HCL-P; (5) B3R (4) FIRMIRE, 1 mol/L
NaOH Y59 ,85°C 44 F %% 24 h,3500 %% /min, B5.0> 10 min, £8 0.45 wm A4 B AR 4T 45 i 18 )5 , 32 B Ref-P.
DUB) RS (Total-P) & i A2 TR AR & it Z A (DU EERE &) |, DU & 7K R ABe 2k 1t 4333 105°C
HETF AN 550°C KRR 5 I D45 2, % R T TR AR FR . TN 5 58 2 b XU WIS (R R FE AL 50 ml 588 7
IKHR A, S8 I ps P ik R B LTI 8, SR 4041 o St B ik D 2

20 m

B 1 IR 5 20 A

Fig.1 Distribution of sampling sites in South Lake

1.4 RS R LR
SLY ISR ] Excel 2007 B BH, SR SPSS 22.0 GEit- B F A 177 22 0 # , e e v I - i e
DL TP R W 25 2 18] 22 S R A ST AR AR ¢ K30 HE AT 20 M, >R JH Origin 8.5 AR,

2 BRESH

2.1 EEKER TR

B RAE R 2015 4F 6 H—2016 4F- 4 A (3K BRRELANER 2 s, BB 347K0R 2 23.23C R f7
TEN R B KRR Ak, pH 22 55 581, DO ¥k B J T 280K BT, TN vk @ 1 280K BT, TP Mk i Jd F IV 2
IK B

R 2EFINRIZE 15 om PURIAY &K 26 B Bec i (TN MR B B ingk 3 PR, DU &K
FAEO0~ 15 cm VR Y B R B S AW AR, B2 0~2 om F/K R IAF] 85.8% ,10~ 15 em ALY & /KET
2 55.7% , lLR)ZE 0~2 em FFET 35.1%. Hek BRI i R ZEREZ WAL EE,RZ 0~2 em 53
Kb 182.0 ng/g, 10~ 15 em AEAYREAR N 129.4 pg/g, EARIZ 0~2 em FE{IR T 28.9% . 4% B FETR B3 iz
W (RSN AR K, KRR TIHRZ. K2 0~2 em HERMN 1.5 g/em’ 10~ 15 em LA HE
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KN 1T g/em®. YUY TN S B 3% 2 5K 2 % @ﬂwﬁﬂ’lﬁj’?‘ FJZ 0~15 cm TN F i 7E 2934.4 ~
5645.4 we/g JWHINES, FIIE R 4577.4 pg/g,0~8 em JLHEIN TN & HARTE S000 we/g LA L. JURY) TP &
TP RS TG 0, DR R DURR P il 2 00 1 2 DOAR AT e T B KR R 2 0~ 15 om TP %
HTE 1109.4 ~1629.6 pg/g LN IS, FIIMEA 1451.7 pg/g. NH,CI-P FHRAERR 0~15 cm JEH N
K, A RZ 0~2 em S ffE, N 1.1 pg/g. VIR H BD-P &AL 0~ 15 om 5 H B3I K, THE N
26.0 pg/g, HHFRZ 0~2 em Fibi S, 3581 T 33.3 pe/g, BRI BAVR EEHE I T REAY EaHA. Org-P
BT R VR 8 0 2 B S T I AR T T v (e 34, S B 56.45 pg/g, B AR B3R JZ Org-P & 8K TR
JZ. NaOH-RP & 87E 0~ 15 em JL B N E, Hd 2~4 em 4 HAK, B 91.2 pg/g, 10 ~ 15 cmﬂL}f,—J ik
354.5 pg/g, FHIMAN 229.9 ne/g, Bk LRI VTR RZENRZE S S HCI-P Fl Ref-P &%
ek P AR I TR FR)E BIR B W 0 a #, Horp HCI-P & B I H (19.2 pe/g) tRBLAE 0~2
em B B (76.6 ng/g) HIAE 10~ 15 em )2, Ref-P & i B ARAE (19.3 pg/g) I 0~2 em 2, B & {E
(63.1 ng/g) L PLAE 8~10 cm 2.

7 2 i) AR AR A P
Tab.2 The chemical properties of overlying water in South Lake
W/ H DO/ BHE/ TN/ TP/ PP/ TDP/ SRP/ Chl.a/
< ) (mg/L) cm (mg’L)  (mg/L) (mg/L) (mg/L) (mg/L) (pg/L)
23.23 7.45 5.97 70.17 1.000 0.107 0.079 0.027 0.016 53.5

3 WU IMEIR KA S

Tab.3 The sediments character and phosphorus form in South Lake

R/ AKEs  WE/ BRgRE/ TN/ TP/ NH,CI-P/ BD-P/  Org-P/ NaOH-RP/ HCI-P/  Ref-P/

em %o (gem’) (ng/e) (pe/e) (ne/e) (pe/e) (ne/e) (ne/e) (ng/e) (ng/e) (pg/e)
0-2 858 15 1820 56454 2307 LI 333 479 1099 192 193
2-4 792 15 1563 53459 2308 08 231 569 912 341 246
4~6 75.4 1.6 1329  5308.6  308.9 0.8 25.4 44.2 178.3 31.7 28.4
6-8  73.1 1.6 1211 50029 4836 0.9 298 592 3227 429  28.0
8~10  66.1 1.6 1232 32272 5464 08 227 634 3225 739 63.1
10-15 557 17 1294 29344 5797 07 217 670 3545 766  59.0

2.2 LIGHAIE EEBAKKREL

ISR 5 1 d Som e 5T 2 d AL, B UK TP ¥R H 0.087 mg/L _ETFH 2 0.116 mg/
L,PP ¥k 0.058 mg/L T+ 0.098 mg/L, TDP ¥ H1 0.029 mg/L F &k 0.018 mg/L, SRP ¥ iy 0.022
mg/L T[4 0.005 mg/L. TP PP TDP F1 SRP ¥ & 7 i 3507 s K, MR 2B TR H. TP PP &
1633 d J5 TR, iR B K, 2 60 d B, TP ¥k & 0.048 mg/L, PP & 4 0.016 mg/L, 5k
PERZE A RT 2 d AHEG, TP MR EETRFE T 45.1% ,PP W EERFE T 44.1%. TDP ¥ EETE 60 d 154 0.015 meg/L, 50
FHBCPERZIE 117 2 d AHLG, TDP MREETRE T 48.2% . SRP Wk BETE 23 d J5 B AETE IR 30, (R 4R 7E AR MY KT
% 60 d B 5N 5T 2 d AHEL, SRP VR EE T RE T 29 85.3% (&1 2).

SEYS AR, B K AR T Y 24.7~29.2°C S A 1 #0 5 BR S B AR]85 T o s B B B A
1~16 d NIESIEK, 16 d J5 7 BEZ WG N, 33~60 d N, B EEZ)00 1 m SEULIR. TN WeEEAERTHISE T I
i LT, Ak R TR, % 60 d B, TRE 0.56 mg/L. BHERE a M B AERTHIRS A I 2, I d el v R e 1
7~60 d 52w 2 d #HE AR R (] 3).

2.3 MR BB SN TN

TP SHETIRYRIZ 0~6 cm BRI, HREH) REKF- (P>0.05) 7 8~ 15 em ZFINATE LA

F (P>0.05) (F 4).
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Fig.2 Variation of phosphorus concentrations in South Lake water
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Fig.3 The temperature, transparency, total nitrogen and chlorophyll-a concentrations in South Lake water
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NH, CI-P & S AE MBS PERZE 2 7 5 TP 49 LR
0.1% ~0.4% , A ek MERZ I + 2 J5 T RER 0.1% ~0.2% , [F]
AFBRUTEIREE 4~6 cm 41 LA E4 T 1%, R R RE
0~2 em, NZJ5 1Y &4 0.50 we/g, B2 K TN Z B
0.92 pg/g(P<0.05) (& 5a). BD-P & it 7EINGH SN 1E +
ZJ5,0~15 em 35 FEl N4 1 35 T B (P<0.05) , il s vk
R £ 2Z Y 32.5% ~56.7% , 1322 0~2 em TREIRE
K, T 67.5% (K 5b). Org-P il NaOH-RP & &1
0~15 cm JZHHITEW] A5 4k (P>0.05) (& Se.d). Jnfek
PERZIE 4 )5, HCL~ P & HE7E0~6 cm 305 Fl § 214 (P<
0.05),0~2 cm JZ.2~4 cm JZ.4~6 cm JZ43H 80T
256.7% .180.7% .137.6%. TifE 6~15 cm 2L A G (P>
0.05) (& 5e). Ref-P &i4E 0~8 em J2H45 B0, Hir 2~
8 cm 28 3 TN S I 415 (P<0.05) . 7F 8~
15 em A 2. (P>0.05) (1] 5¢).
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Fig.5 Vertical distribution of phosphorus form in South Lake sediments
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XU R, RTS8 ) P B R B — N TR R BRI DT )2 0~ 2 em FK R ik
85.8% , FJZULHWI HA BRI ATAENE , 285 KA IR, B I/ N S A DR & i A e i g
VU A 3 B TR TR B I I A6, DA 2 2 A WL & i T . A LB 2 0 e b i o A
WUBE AL R TEAURE , 1 b B R ™ 2 P R R P 7 DR B

FAWIILA TN & P8 45774 we/g, 3 SHCM PG TN & RS A P WIR AY TN S Ay (73
{Eh 4960 pg/g) = JmE TR M (TN &tk 363.9~1534.8 pe/g) ™ LM (TN 448 1737.0 pg/
g) A O R SRR TR TP SR 14517 pe/g, SHUM TG TP 5 s b/
R TP S AR CFYIME N 1485 ng/g) ™ i TRM CF i 560.4 we/g) > RS (P38
S 691.0 wg/g) P TP k. I R p R A I 0 B PR ST T R R A K B0 T AR
P FEL IR R 45 8 A 15 75 7K R R AR TR, LA B4 035 AR DRHIO R A 5. 2013 4E30) B8 R K= A8
SIS T T IS A B AN Y AT B T A U AT 2 B e A R A ) S

NH, C1-P J& 55 0% B2 B , A9 W R e B R, ik Bk 5 U AR 100 U 5 T £ e A0 I B K o 1 T VA M, L)
T MAH AT b ok o ms . A FSE Fe W, VTR IR A Al k52 B BR B , 1% 28 T Y R A 5
I KA B m R E R b NH, CL-P 5 e, 1 W 26 2 TR HAT 0w R RO 7 A
R Z 0~ 15 em BD-P S HPFIE N 26.0 pe/g, BD-P & —F S (L3R ISR RE , F2 38 5 8 4 A AL 45
AU UUR R B A TR O B, B0 5 BD-P B W RE X A SN R ) 7K R B R
LTSN Org-P Z IBERARE (GLIRIUBONTERR) WENG IR B 2 1 A BE IR 2 L) % — 26 R 0 1 1k
BWERAEAE . EERWET A WA WU B TR, Bk 2 Vs 7 1] % 3 Bl 1o 7 2 20 B3 4 7 LA
Org-P S ek 1 R ZK T W2, VLW Org-P A4 T — 5 BB BB AL, Org-P & 1 M 56.45 pg/g, 1
BD-P &R, Org-P X b B K AR % AR 1T 200

NaOH-RP 2 7] 5 50 AR B 7347 5 e i) B 4 B 8 A 29 SR 9 i , B B9 95 3 /T BD-P 1 NH, CL-P.
NaOH-RP 2 A TR 85 A R o 0 25 14 4L I3 4, 34 2 W0 468 2 SR P A I 0 e 42 1 oA 90l 1
B B WITURY) NaOH-RP & A, P 39MH 0 229.9 pe/g, A R FUUBWI A B RO RE . HCL-P 3232 245
BRI £ 45 2 VR RV I A A 250 , e — AR R F A, AR XS R 22 . Ref-P R TR PP IR R 5 9 K A B AT 1)
EEHILA. HCI-P F1 Ref-P Hh N2 IURW ok ABETE I EE LA . R4S NaOH-RP (HCI-P Fll Ref-P
FRAE (SR AL i R 2R 2 A0 Y, 3 BT 253 S B R SRR 22 2 008 2 78 M Ak 4, 38
W S A7 E— o T B L

UBRYH  NH,CL-P BD-P Org-P 5} 32 PR 00 B , B IA o S V7 1) ORGP ™ . AR
BTN 3 RN N TEPERE (P0.) . FEIIR)Z (0~15 em) TURU P ImHERE & TP (19 21.0% . YUBWY 0B
TN FRDK AR PR AR R St BT A L 2 L TR, 4 T TR rh— /NI 43 Ak Bl 2 R, o e
KRB S Hof 7 A T A S0 PRI, e TR R A 92 R AR A .
3.2 F IR PR R T LR A

B e i - 9 R AR - BRI L, B AR ME— SRR S (3 ), La™ I POY R 94k
SR EE R H 1217, Dithmer 257 FHE A" P ZRESLIRIISE R M, La 15 POY 1 SCT0 BNk A3 40 2 5
HE (LaPO, -nH,0) . BRI ALK W A b v e P AR S A B 7 (LaPO,) ™ Bl ke ok
i b SRP A5 B i e B RE 110 I TE A IFE AR B i — AR 0 IE , I ke PE R 1S 1 KR SRP R
T W TR R 1S 5 1 dLTP A PP A L T, R 7 S I Ao R 2 e B A 6 e e
T - 5 K AR i B T v 3 T I R R B4 B ke P I R B T A i LA SRP
TDP % I 1 AR T RE S 16 B TP Rl PP e BTN TH 5 () 5L DAL, M4, o8 T e BB e Rl WK TR Ak
9 e i - A5 2, AT S B R ) PR B ke P + )5 (1~ 16 d) , TP PP TDP I SRP
e YA B K, T R KRR T B BT P30, Bishop 25 7E Laguna Niguel WIFBF ST H L T 219 45
S SO R i 5 KR TP R SRP Yk BE AT SR SRR BRI 7K. {H TP PP TDP 1 SRP ¥
JiE AR R R G (33~60 d) #a T FRa, 4R 7e fe AR At 7k -, 3 28 A B0 ke ek i i) - g A 5 Py 2808
B (B A —E S
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B R - DU B UG XU PR EA BRI 0 7. KRR i i £
VR (3B NH,CL-P BD-P 1 Org-P) #E4L Kk AGEAF RIS ERS ( EE 44K HCL-P il Ref-P) K
PR . [ A2 R AT AR (LaPO, -nH, O %) K4k HCL $2BCH R, B 7E HCL-P
H SRR P R 60 d, T NHL CL-P S BT K2 0~2 em Y B T, BD-P
TRTEVURY) 0~ 15 em {E N 035 TR, HCL-P fEHLFI )2 0~ 6 cm #A KU A4, Ref-P & £H7E
VB 2~8 em Y B 5 25000, 34 0 660 0 P 0 7 R I eh R PR AR T UL X Bl A R
AES7.

VOB IG IRV I O HEE % 7E 4~ 10 em™™ . Meis 25 fRARUTBW) 2 4 em rh AT HEE & B AE Clatto
IKPERLF TSP £ .28 d U5, TR ZEE 2 om (1 Ref-P 2 i 3500 i1, 6 W0 450 ke Pk s 0+ 42735 7 0
WX B SR B 7. T W RSP - f VR S S, R AU RZ S em oIS PR S B R
W BRI 590 g/m” RS T R MRS (500 g/m”).

BT ASTE TR UR)Z A5 A AT AR IR0 La 73R 107 16 b R T30 %% Meis 451 RS & R, 767
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