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Phosphate Adsorption Characteristics on Surface Sediments of Nansi Lake and Its

Main Inflow Rivers
AN Wen-chao, LI Xiao-ming

(College of Environmental Science and Engineering, Shandong University, Ji’ nan 250100, China)

Abstract: Adsorption capacity, isotherms and kinetics of phosphate onto the 18 surface sediments taken from Nansi Lake and its main inflow
rivers were investigated in laboratory; and the relationships between physical and chemical properties of the sediments and their phosphate
adsorption characteristics are discussed. The resulis indicate that the phosphate adsorption characteristics of sediments that are at different
trophic levels are similar. The amount of phosphate adsorbed within 10 h almost reaches or exceeds 80% of the maximum adsorption of
phosphate and the maximum adsorption rates occur within 0-1.0 h. cppe ranges from 0.010 to 0.157 mg*L™", (.. from 86.74-118.32
mg*kg™'s and TQ,, from 99.97-281.11 mg*kg™' in the study. Between Ads-P and its ¢y > NAP» m> Q... and TQ,. have remarkable
positive correlation. The content of Ads-P will serve as a index indicating the polluted level in Nansi Lake. Adsorption efficiency ( m) has
remarkable positive relationship with 7Q,,... The m is the sum of adsorption efficiency of the sediments adsorbing the phosphorus coming from
external and the phosphorus desorbed from the sediments. The NAP has positive correlation with cgpe and the trend is that the sediment with
higher NAP easily desorbs phosphorus to the water> contrarily the sediment with lower NAP easily adsorbs phosphorus.

Key words: Nansi Lake; surface sediment; phosphorus; adsorption rate; phosphorus fraction

i W91 A 5 A0 AR 2 AR G 4 R 1) S i [
T AR EEE TR, RN 5 WA

FAAE R B A FEIRR BIETTR ], ORI 1A IR B
PR B T AC e LR 5 B2 I B R

[ER=E G AR ISl 0 i el L RE e Sl NTew et 23
7 5 B TR TR () R AL S K R 3, 7R 2 4L
SRS U AT 52 1, DORUAE Do Wi oo 2 DTN
AR B BT, AEIA B2 AF SR I DL — s
TR A B P e A%k B2 R IR R s 3
IKAR, Sy — 5T GOR PR Tl (R R B L S i A
DR /K SRR IR AE B4 FI 30 ISR, A7 563
THZK-GURR A 1 TGS T8 (R W B AT BT 9T © 32 31 T
JIZ I IR ST TR R o () W B 5 3L A e T

UL (10795 B 52 2K S A0 40 (s i o it

A PO T L 23 28 V8 P 358, b e BH Al BRBH
Bl 4 AN AH L BT IR SRR, 2 A 1L AR A
RIRTR AT, AR 3 A6 T d5 KRR A, W17 7K
WRAR1 266 km® s ~FIIKIE 1.46 m, & — K

Yk B #8:2007-10-23; 21T B #3: 2007-12-24
PEZ T 231980 ~ ), 2, W RF VAR, FTEWFTT 5 1) Al
B 74K, E-mail: anwenchao @ 126 . com
% JEIHEER A, E-mail: Ixming@ sdu. edu. cn



1296 7N 58

F} 2% 29 &

PRUWA 5 e ZK R YT i DU A 1 K b T AR 2 R K
B E WA, FE KO B s A K AR TR AR R 1
KT AR SCRRC 15 21 2007 4548 i i 7K 7K T . 1k 2]
CH R 7K 24 858 o 2 b HE ) (GB  3838-2002) H [T KK
B

T VU 2 2 TR S5 B TR A P WO £ AL 3
T8, BT, ASHFSORE 2 T R DU I8 X R 3 N T
AT 1 DX 3R J2 UURR 00 5% Tl 110 W A 6 0~ B 3 )
B AR B AT A OG0 B, TR X R 2 TR
X1 1A R B AR I DA B JL A iz 18] 1) % R AT R0 S
DAY A 1 7K A6 1 T 7K T R DY A 1R 7K SR e F AR
FGORE, I X T R G G kA iR BRI R 2
Mt .

1 #MR57AE

1.1 FF AU B SR R AR

PP (34°27' N ~ 35°20' N, 116°34' E ~
117°21'EDR ALK 126 kmy R PUFE 5 ~ 25 km, W1 B SR
K 1960 -7 7 VU W vl M2 Ak 2 e — R 300, o v DY
W53 o0 R G, FErh WAL 1 Fe BE S AL R A BH
)& T g, H S O 29 4%, EA K
VUi 4 A0 ARSI, 75 BARSME B P sad 14
WIUURAE RS, FRE N

AHFET 2006 F 8 J1 A6 R DU = 221 IR
WX XA R e #s K T 18 MR JZ (1 ~ 10
emDUTFIRE i CREANFE 5D 2 ~ 3 AN PAT FE 1 TR
HFED, Hor 10 ANFE 23 A TRV CDSHD « 52T
TCFX) AR 3] (DY ) J7 48 ¥ CWF ) ¥k & B i
(ZZXOFEFFIE W (LD DERFTRI CGFD T 1 55 (BMD
PG SCTR] COXZ) AR CHED (3R] VPR, 573 AR 8 /N FF
mn 20 AN T 4 A DX R IE 9 1 A 308 B T C g 43
S0 NYANY1-DS<HD-ZY-ZY1-WS Fl WS1), SHf s
ALE W 1 PR AR IR IR A 550, Ay (Rl S 06 =
Ja ey BRI G, BEES , a0, R AE T R A%
P AR KA DU IS S (0 TR N A8 [ — o R g 7
JKFE b, 765250 % P 52 TP AT SRP 7 i . B3 A F AT
AR 2 ¥R DO A1 pH A, I H GPS Wl 2 K
FE S
1.2 SR JE

(D W) ) 22585 7 250 mL ) =,
J1200 mL 1.0 mgeL™" [ B ¥ 0, N 2 g CFE s 3
0.000 1 VLW THE, 7E(20 £ DC R, THi 3R,
£ 0+0.25+0.5+1.0+2.0~5.0~10.0~24.32.48.56 172
h I B H01 ROKEE, BRI S mLy 5000 r/min& L 15

X1

1. 55 R
2. 280l
3.HERAM
4. 5500

+ RHER

Bl1 X&E=DH
Fig.1 Map of sampling sites of Nansi Lake

min, 1 0.45 pom TFLIE L, SR FH AR HE 7 45 D 5 0 1R
AR N R BN R R B ZE T R B L SO
FHFERIZAT TAE 3 A PAT X IR ZE < 5% .

(2) MR A5 LR S0 AT 90 1R R B S 56
ATE 2 AN NRET . H— R AR A, 72— R A
50 mL BT, MA 0.3 g VIR HAERT 30 mL A
A 1) Tl e — S0 B0 VA Y, 10 2 Wl R B2 23 ) A O
0.02.0.05.0.1.0.2.0.30.5.0.8 F1 1.0 mg/L, %K
JEE S B B0 20 SE PR I 0 . o) — 2 R BE 4, W1 46 9
WL 34 050.50.8+1-2-5+8+10 F1 15 mg/L. 47
TR FEE R A IS T 8 1 5 O S 360 22 DAy A U AR A 0T i
(1YW A 6 B T P gl 3 810 R [ A0 W 45 i
LTINS AE | B N SR JE7E(20 + D¢ MEIR YR Y
48 h, 22 W B 1 CRE AR W B 3 ) 2% SE B 4548 ), 15
Loy SR FBRUE 7325 0 5 10l PR R A 2 AR oA 5 22, 1
LGRS A VI BB 1R 6 ) St SI2 36 76 A R) 1R 4% 2R R AR
3APAT, MR 2E < 5% .

1.3 ik

VIR IR A2 50 AT K - Mastersizer-2000 284 30
BLEE 73 M1 1 ( Malvern Co.» UKD JTAI o &K H B
BRI R 15 B W R H, 90, + HF W 1% i %
A2 I G M T 1 T L AT R B B A PL R
(TOC) 75 f:I 52 2K ] SSM-5000A 7L TOC 73 #7115 %5
PP P00 52 R R HE 7 3T 9z 5 s i 8 1Ly
FH R BRI I 8, BT FH 24 8 380 4 23 W i AS [i) IR
Z IR AR G B SPSS10.0 12E47 7347 .



54 BSR4 DU S 2 BT PR 2 OB A0 Tt 8 5 KO VB B A A1 1297

2 #FEREiTE

VU 4 AN 90T B AR 2 AHE (1), (ER 7E L ARIR
AT, KA EGEMm N 90, B KR s,
IKH T G ) 5T 25 e BH 51 R0 1L 3980 1 328 0 e 1
AX., 05 P IH 380 00 Bl 390 ) 980 7K 7 R X A o)
FEARTFFCH X PURIAE 5 TP TN LA R 7 /K TP
(R 5 A 2 T R () 45 S [R)IN 7K Jis2 N o v G
T E (R SRR ] L DRI S R AR T IST i) 4%
DN AL 4 3 v N T BH T R L 3 TR e 4 A
IR R I AN [F) RS BE 1R 8 IR, S R A I SEAN )
B RS W90 DR 19 Wl W B AR AE 4R B TR AR
Y.

2.1 RV s )2

ARG W B 3l g 27 3ok R R FH — G ) 0 5 7
FIUE 2080 1 2 )7 R e v AT LA, A 5
WRPR.

ln(Qe—Q) = InQ, - k¢ (D

tQ = 1k, Q> + 1/0Q, (2)
o, Q. FQ Cmgekg) 53 ) A -1 W B £ 0 1 1) 4
¢ PRI B s &y 1 ey 2300l — SR8 g 2 7 RE A
TR E) D)2 T R W B A

P12 &5 L 38 7% T D S0 80 X = T N T YT 3
X R 2 VTR B ) 22 R R A — 08 ) %%
AR, IF HAHC R BT 1.0.

TE 48 h YTAR PR 195 149 T B 356 A 08 ik ) 7 ~F- 4y
ARAS, WA DURR P 0T Wl PR W B ) g 2 SR &5 5wl LA
PRBVAHF TS AE T 18 AN UTRRA R ol W B 1) e W
BT o BIVIE 500 R P 47 0 R o e, 8 oL WL 3%
1. B VY X JURR AR ) Q. B HD 3X — K AF A5
b, SIS A W S 1R AR A B, BV e e 8 T 1 Ak L8
BRI I . HE T U X SR A AU DR AR

Q o TEHEAN T DX 8 A5 2 S5 /NI, IXTT R A2 R Ay
R EEI ATIE , 52 Nk s W M, R oK
RIZVURIIAEAN T TP RGO b 2 1) Riok:
G VIR AT RE , 1 G 2 AL ORR R B 21 RS g
R, AT WU 2 B b, DRI St 1K) W R g B A Jin
LB AL &5 38, K = 0 RIOR D 2R 0 R
(R34 A4S DURR P K AT K ) B R TR, i L 2 1f
FURI QIR 32— YORR P B 3380
1 58 R WR B RFAE D247 DA 2 IO, 45 R W,
W R AN G Bl ) R T PR B
RN 2 AN B 90 Hy P 2 ml %0, w DYl X A
F= BN HLT DX SR JE TR ARt 1 W8 ot LA AH
LIRS A B, BEAIEAETT 10 h A, TR A0 5%) 9% 1)
WS A R A 2050 K T T A 3 23, BT A PR B B B, IX
Lopez VR 1 % 3 00 (R i 50 45 R 3R — 30 fEA
WS, 75 10 h Z N, W B o AR O 21 BB 1 48 h
W o~ B W B8 5 1) 809% » 1K — H50( 22 v 1 5Kk
SEASI R 9 4 B, IR BT 38 W B R Rl 860
mg* (kg* h) ' 1B &AETE 10 h 5, DURRAX B 1R
R0 R B JE R H4 /N T 1.0 mge (kge h) ™", P34 W B
AN 0.381 mge Ckge h) ™" FEWL I & A= 1 9] U
B B3 0T (14 BT I ) o 18 S 357 W B 3 R, AR sl
BrPAE 0~0.25 h A, MBI 2R 0 141.47 ~ 282.92
mg* (kg® h) ™', 7E 0~ 0.5 h W, A 76.07 ~
165.48 mg*(kg* h) ', 1M1 0.25 ~ 0.5 h PR
10.68 ~ 51.09 mg*Ckg® h) ™", DA b 7E ff i W B 5 A2
(18 = LI TA) BN, AN B AN A R B 3 S 1K) /N, i R o
SR AP B T 82 A P IR 5 2K 8] 1 A e VR R S 1)
YO ARSI T, 0 ~ 1 h (10 B B B A IA £
48 h VAT IR B R 3 1K) 509% ~ 809% » 2% W1 e DY 1T
TRV 0L Tl 1 W B A P 32 2 R A A DR R B et 2 119 T
1 hZ .

F1 TR A B AT B ke
Table 1 Adsorption capacity on the surface sediments of Nansi Lake/mg*kg ™"

ZH NY NY1 DS HD 7Y ZY1 WS WSl 1

Quas 112.76 118.32 117.44 86.74 95.93 96.08 93.91 95.32 91.22
28 BM WF XZ FX GF 77X HH DY DSH
Qs 98.76 92.08 104.76 104.09 111.39 100.63 102.09 95.26 98.62
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AR 203D MICAD X LA A A5 i W B 52 565 7 20 40
AT Langmuir 1 Freundlich 75 4 ¥ 424 el A
g AT, DU E DO RE S bR ZY R WS

RANZY WS P R Langmuir 05 R* 731 °90.973 5
#10.973 2, Freundlich 4 & R*> 73 il 4 0.982 5 Al
0.976 5), HA %5 14 Langmuir 75 B2 1945 2R LT
Freundlich 77 %%, R* ¥ #d 4 41(0.96 ~ 0.99, n = 18),



1298 woom o B % 29 %
120
120 — a3 2 110 o © o o ?
2 . S
s s . 100 — 2 § X v
100 4 & 5 ° g g ¢ . 0
A g ® 8 90 5 g ¢ *
la o v
"o § ¢ ¢ v v - % g ‘ t s LJ
i) ﬂ; o $ v ,f;“ 80 o‘g . o GF
g " = NY g 70 b 4 BM
) 0 v o NY1 S v 77X
v A DS 60 * ¢ WF
60 v HD N < HH
vV ¥ *ZY 50 » XZ
4 ZY1 o DY
d » WS 0 * FX
40 5 o WSI o DSH
L | 1 30 L L !
0 20 40 60 80 0 20 40 60 80
t/h t/h

2 FAVUHR R IURR AT RS EE R B 3 0 2 b 2%

Fig.2  Phosphate adsorption kinetic curve on the surface sediments of Nansi Lake
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Fig.3  Adsorption isotherms of phosphate on the surface sediments of Nansi Lake
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Table 2 Parameters of the adsorption of phosphate on the surface sediments of Nansi Lake

PRI m/Lekg ™! NAP/mg*kg™! cppe/mgeL7! TQ o/ mgkg ™!
NY 978.28 29.90 0.031 142.66
NY1 852.39 30.96 0.036 103.54
DS 1638.70 55.67 0.034 173.11
HD 1234.80 194.37 0.157 281.11
7Y 574.79 6.29 0.011 102.22
ZY1 566.41 7.49 0.013 103.57
WS 597.60 6.05 0.010 99.97
WS1 591.66 7.68 0.013 103.00
LJ 1019.70 95.79 0.094 187.01
BM 1387.10 99.71 0.072 198.46
WF 897.12 90.90 0.101 182.98
X7 1164.70 70.29 0.060 175.05
FX 1128.40 33.31 0.030 137.40
GF 3220.70 37.40 0.012 148.79
77X 2539.40 168.39 0.066 269.02
HH 1097.50 48.80 0.044 150.89
DY 1155.00 55.41 0.048 150.67
DSH 915.51 16.77 0.018 115.39
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Table 3 cgpc of the surface sediments and SRP concentrations
of overlying water of Nansi Lake/mg*L ™!
KA SRP Crpe
NY 0.075 0.031
NY1 0.078 0.036
DS 0.047 0.034
HD 0.072 0.157
7Y 0.028 0.011
7Y1 0.038 0.013
WS 0.030 0.010
WS1 0.036 0.013
LJ 0.079 0.094
BM 0.056 0.072
WF 0.063 0.101
X7 0.058 0.060
FX 0.042 0.030
GF 0.057 0.012
77X 0.039 0.066
HH 0.062 0.044
DY 0.036 0.048
DSH 0.031 0.018
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Table 4 Coefficients of correlation between the parameters of adsorption of phosphate and the chemical-physical
parameters of the surface sediments from Nansi Lake (n =7)

cgpc NAP m Quax TQ ax TOC TP P Ca-P oP Ads-P Fe-P Al-P <63pm IN
CEPC 1.000 0.897" 0.770  0.997" " 0.954 0.145 0.943"  0.905" 0.887° 0.276  0.993" " -0.485 -0.103 0.637 0.8%4"
NAP 1.000 0.971" " 0.912" 0.988" * 0.438 0.768"  0.713 0.684 0.541  0.946" -0.211 0.210 0.487  0.685
m 1.000  0.792 0.924 0.512 0.692 0.635 0.605 0.603  0.903" -0.126 0.310 0.436  0.632
Qumax 1.000 0.965" * 0.220 0.916"  0.871 0.849 0.3499  0.998"" -0.418 -0.070 0.58  0.702
10 max 1.000 0.369 0.826 0.773 0.747 0.482  0.973" -0.283 0.118 0.526  0.698
TOC 1.000 -0.183 -0.288 -0.328 0.989" 0.242 0.786 0.443 -0.527  0.532
TP 1.000 0.992° " 0.987° -0.045  0.910" -0.729 -0.313 0.770  0.603
P 1.000 0.999" “-0.156  0.859 -0.805 -0.303 0.835 0.648
Ca-P 1.000 -0.198  0.836 -0.829 -0.315 0.849  0.662
OoP 1.000  0.372 0.703 0.367 -0.449  0.263
Ads-P 1.000 -0.389  -0.111 0.543  0.892"
Fe-P 1.000 0.344 -0.906 -0.136
Al-P 1.000 0.041 -0.125
<63 pm 1.000 0.792
N 1.000

D** XK p<0.0l, " FIK p<0.05
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Fig.4 Relationship between the NAP and the TQ,..

of phosphate on the surface sediments of Nansi Lake
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Fig.5 Relationship between the cgp and the NAP of

phosphate on the surface sediments of Nansi Lake
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