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Phosphorus Adsorption Characteristics of Soils and Sediments Surrounding

Dishui Lake in Shanghai
ZHUGE Xiang-zhen, Bl Chun-juan,CHEN Zhen-lou,ZHANG Huan-huan,NI Wei-yi

(Key Laboratory of Geographic Information Science of the Ministry of Education, School of Resources and Environment Science, East
China Normal University, Shanghai 200241, China)

Abstract: Soils and sediments of different origins were collected, which included the cropland soils surrounding Dishui Lake, the
sediments from rivers, the sediments of wetland and the sediments in Dishui Lake. These samples were used for the experiment of
phosphorus isothermal adsorption. The results of this experiment were analyzed and fitted. It shows that, the adsorption-desorption
equilibrium mass concentration( EPC, value) of the sediments in Dishui Lake (0. 11-0. 63 mg-L~") is higher than that of the soils and
sediments from other sources, which indicates that it is easier to release phosphorus to overlying water. Both the Langmuir model and
Freundlich model have a high fitting degree to the isothermal adsorption of phosphorus. The maximum adsorption capacity (Q, )
calculated by Langmuir model demonstrate that the adsorption capacity of soils and sediments from different sources follows the order:
sediments from rivers (1003.05-2977.65 mg-kg™') > sediments in Dishui Lake (669.77-1717.94 mg-kg™') > sediments of
wetland (368. 60-1 145. 51 mg-kg™") > cropland soils(441. 36-702. 30 mg-kg™"). It shows that the adsorption capacity of cropland
soils is the weakest. Cropland soils can be a source of phosphorus in Dishui Lake when extra fertilizer is used.

Key words : Dishui Lake; soil; sediment; phosphorus; adsorption characteristics
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Fig. 1 Water system of Dishui Lake and distribution of sampling sites
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Table 1  Basic physical and chemical properties of soil and sediment samples

HHUR R/ | ~
4T Y TR T wH e e
(<2 pm) (2~63 wm) (63 ~200 wm)
DS-1 7.96 3.21 5.39 53.11 38.8 518.70 10. 45 0.23
DS-6 7.68 6.33 2.97 17.93 78.9 672. 61 8.16 0.77
AT DS-7 7.04 11.16 12.4 66.6 19.5 402. 00 14.99 0.23
DS-26 7.54 3.21 5.95 27.15 57.6 522.39 15.78 1.60
DS-27 7.81 7.18 6.39 52.91 40.6 561. 19 12.55 0.34
NT-1 8. 30 8. 04 6.8 52.4 36.5 572.73 9.71 0.34
A< 1+ 42 NT-2 8.30 12.29 12. 1 70.3 16. 4 610. 50 28.90 0. 40
NT-3 8.21 4.05 4.25 46.05 49.4 517. 40 10.27 0.37
SD-1 7.59 14.55 3. 69 29.51 34.4 566. 65 14. 05 0.29
TR Y NH-1 7.51 22.49 3.39 45.51 30.8 447.74 8.94 0.54
NH-2 8. 14 6. 04 7.42 78.28 12.8 515.04 11.41 0.57
A-1 7.92 7.47 6. 81 66. 49 25.9 554.77 15.20 0.37
A-2 8.35 6. 04 5.87 27.93 57.6 487.98 15.57 0.17
SR HS-1 6.69  32.68 9.97 69.33 17.8 952. 03 52.00 0.31
HS-2 7.06 19. 64 12.8 64.7 18.3 731. 08 53.40 0.20
C-1 7.75 12.29 11 76.8 12 573. 65 21.08 0.12
c-2 7.95 10. 58 13.2 76.6 10.2 539. 39 16.71 0. 09
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Fig. 2 Freundlich isothermal adsorption curves
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BAEALA , SRAFAS [ Sfe 5 - 18 T R A7 %ol 8z B 114
EPC, fH, 25 R a3k 2 FroR. 7K i TR ( DS-
1. DS-6., DS-7. DS-26, DS-27)EPC, {4 0. 11 ~
0.63 mg-L™" W@ M UL (SD-1, NH-1, NH-2)
EPC, {5 0.08 ~0.24 mg-L~" ¢ M 43 (NT-1,
NT-2, NT-3) i EPC, {4 0. 07 ~0. 18 mg-L~", )
FITAS B A3 B, T 7K TR 4 EPC, B EE HA,
FVE AR YI B EPC, 8 5, U6 5 HoAt + 5
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AR AR EL 3, W 7K 80 UL AR A vh 1) 8l B 45 5 1)
B AR R i, A A A I AR A T SR
A TR K P R RS TR A B A I X AT
RE AT K 1 K o v B2 FR Ak Y — > E A
BE A, 35 A B 3V b T AR A 860 EPC,
R U5 ey, B AR T 7K I8 BT 3 9 b 370 FR ) Ak
3 LK TR 1 EPC, (R, (B R WA
e IR SR XU, JFC vl ol e, 2 B 5 R A% A FR YT
e K.

KI5 KM YTR) (HS-1, HS-2, C-1, C-2)

() EPC,, {E e/, B 28 0. 06 ~0. 12 mg-L™", 57K
] R OB 45 K HE A HE KT JS EPC, (BT,
A-1 1 A-2 1 EPC, {H43 5125 0. 27 mg-L~"F1 0. 15
mg-L ™" A UL O — AR E A 55 A — A TR s
T 348 AR R T 2028 BPC, FAE, T A b i TR
Y15 A P VTR A LS SRP & R 2 BT AT
KGR EPC, (H AR =, B2 5 K& WL
Wang %V FEWFIE R4 1 38 0 AU AP TR 25
T 55 AT B2 0 Pl e T K AR BB R 8 U0 1 A
EPC, {H T, AP EE R 5 H AL

®2 TRAMSHENSHE

Table 2 Parameter values of different fitting equations

Langmuir Ji TR Freundlich 75 % Linear J7 1%
R RS Q. K ) K ) K NAP EPC, )
/mg-kg™!  /L-kg™! K /L-kg™! " K /Lekg™ /mg-kg™! /mgeL”!
DS-1 736. 58 0.01 0.951  21.51 1.66  0.970  15.31 3.25 0.21 0. 994
DS-6 915.57 0.01 0.991 9.91 1.31  0.983 10. 29 3.37 0.33 0. 995
AR DS-7 1717. 94 0.01 0.976  48.70 .66  0.992  27.28 2.91 0.11 0. 994
DS-26 669. 77 0.01 0. 981 14. 36 1.47  0.967 12. 08 7.63 0.63 0.956
DS-27 725.19 0.01 0.995  21.09 1.59  0.993 18. 87 4.51 0.24 0. 996
NT-1 441.36 0.02 0.948  22.12 1.82  0.957  20.48 3.27 0.16 0.998
¢ H 44 NT-2 702. 30 0.03 0.995  47.43 1,92 0.974  21.44 3.82 0.18 0.997
NT-3 487. 04 0.02 0.956  25.20 1.80  0.936 15.95 1.04 0.07 0.970
SD-1 629. 68 0.18 0.961 116.16 2.64 0.973  29.88 2.37 0.08 0.992
TS NI ALY NH-1 368. 60 0.02 0.992 16. 86 1.76  0.985  20.51 4.44 0.22 0.972
NH-2 1145.51 0.01 0.993  20.64 1.42  0.984  15.17 3.61 0.24 0.994
A-1 1702.33 0.01 0.993  24.92 1.40  0.996  21.51 5.87 0.27 0.985
A-2 1 003. 05 0.02 0.994  42.50 1.73  0.998  23.12 3.46 0.15 0. 967
R HS-1 1204. 89 0.05 0.992  132.21 2.15  0.976  29.34 3.36 0.11 0.992
HS-2 1738.30 0.02 0.958  129.85 2.11  0.983  28.60 2.48 0.09 0. 990
C-1 2977.65 0.01 0.954  66.90 1.65 0.972  28.86 3.45 0.12 0.978
C-2 2757.02 0.01 0.967  59.24 1.62  0.984  28.30 1.81 0. 06 0.991
Langmuir J7#¢ K /D2 AKBITUERY), 0 Q.. K 5 IR ELALHE A5 80 5C 20 #r, 25 R ik 3

HIY 7K 80 0 R 0 XoF Wl 1 W R R BBE i 55. MBC &
Langmuir 77 F 1 e KK & Q,, F15 K 3R, 9
Ry LR ARG vh 45 5, v LLZE A I e AR ) A 4
SRS A 0 R A R 5 B PR R, MBC B R 7 1
FYCR I A7 B ) RE B > i K 180 8 0 A )
RVE L BEATTR Y A TR | A B A
B H AR P AR S DL AR () MBC B 43 3R 7.2 ~
17.18, 8.83 ~21.07, 7.32 ~ 113.34 #l1 17.02 ~
60. 24 Z ] JAT G UTAR Y L LA A BT ) MBC i #72E
15, BB VAT AR A A i I A B e 0. T 7K T8
TR T Tl 0 AL RfF 58 B 553, I A i A B ) e 25, 3K T
BB A2 5 7K T PN R 5 G 1) Ji PR MBC BB 5 (BN
MR HLITER Y SD- 1, JH 5t D] 2 32 UOFR W 1l 182 i 19
Langmuir J7 % K {EZ KT HAbA N BT, SD-1 W 5 %
(AR B T AR €. K MBC | Langmuir 75 72 2 5%

Jis MBC A S AWML &2 B AMHCKR,
X AT BESE A MLUT = A A A HLRR & 764k 3 Y
B AR I - 6 Ml ) R BEE . BB AT N R
L0241 g gy Rt 2 ] MBC {5 Olsen-P #1132k
LT AR A OC G R,

3.3 IR W B RE B s PR R

8 %9 R B R0 S MK AR v B e ) 2 ZE AL
T SEFNTTRR X 8l i W A2 BIAR 2 I R B 52, 3
BALRA VLT & & . pH (H ., R AR A 1k
ZH RS,

FASCHE A A B (P 3) iR 7K 0 il 321 4 3 st
TR RERL & it S0 KW Q,, Z A OC R 5K
iKF]0.697(P <0.01) , Hrhi & & 5| KM &= Q,
Z AR B K 0. 599 (P <0.05) , ¥k & B S5k
MR Q, ZIAIAHOC R ECH - 0. 553 (P <0.05) , it
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Table 3  Relationship between phosphorus adsorption parameters and properties of soils and sediments

S8 pH {H HHLFE/g-kg™'  Olsen-P/mg-kg™'  TP/mg-kg ™! KL/ % WYKL/ % WKL/ %
Q. -0.234 -0.123 0.278 0.076 0.697 * * 0.599 * -0.533 "
MBC -0.366 -0.495 " 0.367 0.383 0. 056 -0.05 -0.243
K -0.168 0.303 0. 086 0. 168 -0.238 -0.286 -0.029
1) # FRI/RTE 0. 05 KF LW EMIE, + + FIRTE0. 01 /KF 1 W EH R
3 500
3000 y=153.29x - 3.93 ° - y=23.95x - 126.98 -
r=10.697 ° r=10.599 pe
- 2500 - -
£
[=11]
E 2000 -
ﬂ
=
1500 -
&
b=
1000 -
500 |
0 1 | 1 | 1 1 1 1 1 1 1
0 3 6 9 12 1510 20 30 40 50 60 70 80
kg% ki A /%
3500
3000 y=-22.04x + 1 894,65 | L
© r=-0.553 A .
o A *
- 2500 | | |
2
g
£ 2000 |- » L
= A
= A A *
= 1500 |- R L ¢
.K
o A A . *
1000 - = =
4 . *
4 A AL ~ L X 2 »
500 |- A L
A A * ”
U 1 1 1 1 1 1 1 1 L 1 1 1 L | 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 8O0 5 10 15 20 25 30 35 6.6 6870 72 74 76 7.8 80 82 84 86
PR i/ % HHLFA fit/gke ! pH

3 BRABMESHMEFZEBXER

Fig. 3 Relationship between the maximum adsorption capacity and impact factors

B - S i TORR ) rh bR AR L 55 e B R YR
AR, Q,, WK, R UL, RGP KA R
T B o 1% 2 DR 3R W 11 R 2 i 5 A2 14 Dk
JINTATRE IR 2200 A AL 5 X Al R B 114 532 i ¥ T 5 1
AT S BT AT LA 3 0 B w007, ELASHE 1) Il
BEF7 T 53 A WA h B LS DU R B
W2 B R T TR BAAIR 2527 . i 7K 180 J) i1+ s i AR

AP R S B ORI Q, MR BN

0. 123, P I 2 35 A0 e e, 158 B 7K 08 ) 1 AR

Y5 588 Q,, FAZ AP & R . SCEk

JIr B 1 pH X - 3 0 FRF B A 52 e 25 SR AR S —
B, 5 R AT T 2 SR R W6 21 SRR RS X B
(AW B et Bt pHL (L ) - 5 17 3R AR, T X T 21 338 1Y) 52
Wi AR 7N, Barrow ™ I Ay - 39 X B A 1% BT 4 Bt pHL i
818 0T UK /0 | Zhou 252 X6 458 K Y FRLAY pHL i 4
THESE, N pH X W %) W Bl £ Y 52 e 6 R
“HEAR™  BEE pH (E RGN, 0 B 2 2 15 hn s s 20
FEAEGE 38 K T ] 0 - 39 0 AR 4 X i 1 e
KM & Q, (55 pH {H Z 8] /9 #1 & R Bk
—0.204  JFBCA R W A OCOC &, BEIL
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JK W JE) 30 - 3 AN TTURR ) X e 1) W R S 52 pHL (B
A2 oA AT BE 2 R T 1R 7K W ) 01 - 9 A0 AR
Yy pH (H 25 S PR BN (B 5 R B 6.19% ), TEIX
— pH {ELE B PNl ) IR R B S 22 2 B 2, S BOR
WFFEEERA 0 T HABWE ST, A, AR B pH {E
0 5 7 3 AN [ AT BE 2 A 5 A O 5 2R A 5
JEIAL BT SRR HUARZE . A LSS = A pH
G, — b 7 T M < AR A X W ) T
AR BRSO R R 2 TR
(R ATF 5 3 W JC R 10 B 0 S A 0 o 4 o e T S 119
FER Lin %7 W RFFEIA N B L 2R S Bk A AL
Wah G OO SR AL 4.
3.4 JATEREE O K TTORR P B R A AR AR ) 5 i
K K I DTAR ) 55 ] PN AT T AR

X B AFAEAR LL , LSRN 4 F7R. 5 A )
TSR ORI AR FL A, T 7K 0 DR 1) e R TR
i Q,, [EF1 EPC, (B , T /K T U 00 B 1 A
JEC I A e L e T K R AR A R S A B TR
AR A TR I B e, A ST DT AR ) 19 AR G I B A R
TR ACITUARY. BRI K TR P X W 1) A R 1
B /N T HC A ST U A TURR A, E o R Tl
P8 1 2R T ARG, AR OFFE A A EPC, {HL
R HAM WA AT SO, ARR R, A A A
T LRI B9 EPC,, (AR A 2285 0.2 mg-L 7", £
LN TR (8, (H R KT ) i e T X —
{EL. F M RT L iR K ) PR Dt R T 0 v 1 LA
WITE , 7ETR K W) 8 SR AT B e o 0 i E R P TR
WA FR i L

x4 ERXT#ESCTRITR Y BER MR
Table 4 Domestic study of lake or river sediments on phosphorus adsorption
(=] NN
BT W T RORIEHE 0, B NP ik
/mg-kg /mg-L /mg-kg
B — 0.003 1 ~0.109 3 3.2~104.2 [38]
B 43. 64 ~85. 46 0.0003 ~0.0132 0.03 ~3.39 [39]
pigi] 321.8 0.033 18.34 [40]
R 307.7 0.037 23.35 [40]
LI 798.3 0.143 323.23 [40]
LSS 50. 67 ~85. 17 0.06 ~0. 11 7.23 ~32.26 [41]
it 422.904 0. 154 23.03 [42]
IS5 303 349. 818 0.016 7.98 [42]
H P E 208. 77 ~450. 45 0.055 ~0.235 4.78 ~111.59 [43]
T 7K 322.58 ~1250.00 0.18 ~0.42 4.12 ~6.87 [44]
T 7] 669. 77 ~1717. 94 0.11 ~0.63 2.91 ~7.63 EN i

1) “—" FR 3L A AR K

A AL A 1 | WIRAE N — &R
gt , U Z (A R %, K K AR 7K BUIR B AB
TR EAMIC R H IS RA DS E
FRICRK RSB R R VE Y xT 8 () >4 2 R 3 1
AR 20% S X FE 2 FEOE ZB AL, A
BB R FH 038 4 3t X8 o 23T W T S 7K AR
BB A H -3 22 43 B R — IR o 9l - SR
T3 A3 iR W A% It 2F AT K RN 5 KT 3
A G B e 2 S 5 1 AT K. Gk Ge it o3 A
DU SRP B & 5 EPC, Z A AH 2 R BN
0.923(P=0<0.01), P& Z [0 W E IEAH G, IE Z
AR WA 4, F ST Y b SRP & bl H
TR ) XU it B 55, SRP & &E 5 EPC, Z [8] 1
IEAR G R ik — 2 E B EPC, {H AT LR AE B Y
FEHRURS: . A H A= 88 A5 KIS DR, J5 L& 51K
TR AR ZK I, 3 — b R b R K TR ) B R B

= Q, 2, W RE SRR, DU P Y SRP 7 i
ST EPC, (E L TG, S R 7K 18 T RR W R i
A XSS . 55— 7 1T, Hy T K S e e T

0.7

0.6 - y=0.36x+0.05
r=10.923

0.5
L
0 0.4 |-
£
=
g
£ 03|

0.2 -

0.1 |

n L]
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Fig. 4 Relationship between EPC; and SRP
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THZM R, 388 TR, TR v S
B HB TR VA 56 | 10 DT AR A AR A R
U85t SRP & H sy X R E 1 7R — B [a] P iR
JKIFTCARY) 24 2 LU S 3. BOAR TR /K T T AR
Y HATER Q,, {8, W B T AR TR iR,
{HJEH Langmuir 77 R HLE S8 K Al K% mh 4%
it MBC {E AT A 0% 7K 50 T0RR A T gt ) PR o i
FIR K GZ P i AN R, 3 A1 398 156 U 3 3 170 R 4 W
BRI A AL MR E MBS TE— & K T4
Gy Rk

4 it

(1) ¥ 7K 150 b DXAS [R] R - S AL AR TP %

4 402. 03 ~952. 03 mg-kg ™", Olsen-P 514 8. 16
~53.40 mg-kg ™", PLA [ A 3R] O Y b
B L,SRP &M 0.09 ~ 1.60 mg-kg ™", A kK Y

(2) Langmuir 5 2 Fll Freundlich 75 & X} i it 45
U R B A R v P U5 R TR K T XA [] R
I8 - RGBT BN Q. 18 H = B R Tl i
VR > WK Y > W TR > 4 H 3.
T KT AR ) B AR S5 R W 2 A R I R L AR A
AL X P R 6 6 38 5 55 , I A7 Bl A R D A 22

(3) T 7K T 1 X 352 0B 0 X Bl 1) e o
5 TN RO R F U], RibL AR
I B R T R, VR R R B ) .

(4) AT ) 5 ) P oAt — 26 [ SR T 3 A
WINATTR AR A, Xl 1) ARG W B AR A, (R
TR XU . A T 7K T KA BB SR AL Y 3 Bt
e R AR T P R R A
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