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Effects of environmental factors on phosphorus adsorption and desorption in surface sediments of Gansu-Ningxia-
Inner Mongolia section of the Yellow River //SUN Xiaojie' , SHU Hang’, LIU Yunjiang’ , GUO Chenhui* (1. School of
Geography Science, Taiyuan Normal University, Jinzhong 030619, China; 2. College of Life and Environment Sciences,
Minzu University of China, Beijing 100081, China; 3. Forestry and Grassland Administration of Pingquan City, Pingquan
067500, China; 4. Shanxi Academy of Environmental Research, Taiyuan 030027, China)

Abstract: In order to study the influence of environmental factors on phosphorus pollution in the Yellow River, the surface
sediments of Gansu-Ningxia-Inner Mongolia section in the upper reaches of the Yellow River were collected for laboratory
experiments to simulate the influence of environmental factors on phosphorus adsorption and desorption process in the
surface sediments. The results show that the process of phosphorus adsorption is spontaneous endothermic reaction, and the
increase of temperature is conducive to the adsorption of phosphorus and the desorption of phosphorus. The adsorption
capacity increases with the increase of oscillation frequency, and there is an oscillation frequency threshold which can
significantly increase the phosphorus adsorption capacity of surface sediments. When the volume of overlying water is
constant, the phosphorus adsorption capacity decreases with the increase of sediment mass. After the removal of organic
matter, the phosphorus adsorption capacity of surface sediments increases. When the content of organic matter is high, the
adsorption process of phosphorus is obviously promoted, and when the content of organic matter is low, the desorption
process of phosphorus is promoted. When the concentration of KCl ion in overlying water is less than 0.02 mol/L, the
higher the concentration of KCl ion, the greater the phosphorus adsorption capacity of surface sediments. When the
concentration of KCl ion in overlying water is greater than 0. 02 mol/L, the higher the concentration of KCIl ion is, the
greater the phosphorus desorption capacity of surface sediments is.

Key words: surface sediments; phosphorus; adsorption; desorption; environmental factors; Gansu-Ningxia-Inner Mongolia

section of the Yellow River

SEA T < P4 BB 1l b 4634 (201901 D211418) 5 117544 154525 KeRH 2 1979 F (202000522)
PR IO (1989—) , 4o, VI, Wi+, 5B M A TR A A BRI . Eomail: sxjsxj1004@ 163. com
SRS SR (1990—) , 5, TR, Mk, 3 1 HET5 4 S5 BB 52 . E-mail; guoguo610575964@ 163, com
. 51 .



KRS R R BRI R BRI %
B E Ao ARV 2R 5 , LK i
] LR BT [ 12 R 2 DY b KA il 5
(9T R il 05 A7 0 AR AU 3 SR R PR KU o [
I, BB A AR ARk — R B A A it A
PEMT IR TURR YK S S e i) P AR A, R =TT
R v e R )Wt 25 e 3, DTS 1 7K R k2
YIS YT R 2 o R R S 1 3o R 2 77 7
FEAHEL A RERY , 2 A 2 W2 /K AR AT R A 22
(P o KT ) B4 1t R R e i e — > S 2 Y
TP AR IREE Ik Bl ) 26 1F (IR ) K L LA
K T R SR AN IR I 1 LA R A B R A
PN 4% 1 8 22 52 Wi T AR ) - K S T B ) e A
A0 PRt WS PR DAL X 2 2 Rk I -
e e AR P 2T 6 7K PRI 4 3 BRI S 19 9 L
A ERE S

s W T S BUZ A T AU AR N R X
SN AR 1 e JRE X B ] A AR A B A e o B
& H T S BO B A 2 T B UK R A
ARSI Bl 2t il 3 B0 IR B9 A4 P R £l
et R KBS T MK AR K I A
W5 AKICAB . SRIZTORYIAE I NIRRT S G 3
R, B BRI MO EA T4 RE B Sc e, W 7K AR
IKIEEAT EE AL A PR B
TS BAE BRI IX I, RAERZDUBIRE bl 7525
28 FPRLDLPR T DR 572 A 0] 2 2 DT RR ) v a8 A R — i
W ek R (M, LAS) g B T 0 37 PR 5 3 BRI
iy e 4 SR A B AR

1 #MEETE

1.1 {E&Fnit

IR0 ft A A% £ 45 : Beeker MR R U8 £ (1
). AVanti-i25 B ¥ VR oo B 0 HL (€ ED) .
Spectrumlab22pe RYAT UL 2305600 BE T (B RO HEAR
AR E])  DH-101-2BS A i 5 X\ 14246 . THZ-
82 AR IR . 5745 : KH, PO, (KCI H,S0,
U IR BH R e A A BB B0, o R 344 20 A
afi, X5 K o B 4tk o
1.2 RWAHE
1.2.1 #&:RES54HE

ARSI 58 i b I T 7 52 B 4 W T L B2k
T JE A PR 15 Y 5 ™ EE DX Bl ot 30 A SR A L, 4300l
T 2011 AEF27K I 2014 AR 7K I F 2014 477K 48
FAERIZVURYIAE M . RS WWE 1, RAE
B3 SL ~ S5 43I A A Sk i VAT A 8 1L T 9 AT L
IRZ AR BT R T H R I B oK

.50 .

PR 2011 4E 7 A Xt S1 ~ S5 (YR Z VLIRS HEA T
RAE 5 Wi KA FNP- AT 8 SR A I 8] 235310 Ky 2014 45
JIH12014 4F 10 JT, S0 A W6 111 JFR 8 78 (K1 g A7k
1 P1 R~k ) SRAT SUBGRZ DU it

KRR V2R AE 0 ~ 10 em IR R ZDT
TR i, 0O A BRI i 22 S0 AR AL A
(105 +5) CH N ERAF R ZAEE, HIBRAL U K
FAPG 3RO = F R TR I, J4d 200 H (0. 075 mm)
iE e A A4S T 1 ~5 CRIBAAREH .
1.2.2 Xkt

WEH 2011 AEF7K WY S1.S2 .4 1 S5 LA K
AN ] ZACHA A B4 Y S2 KT HT P s A A
5 S AN RIEEE (278 K288 K298 K 308 K)
AR R % %2 (0 r/min, 50 r/min, 100 r/min
150 r/min, 200 t/min, 230 r/min ). A [ /K + [
(0.25:25.0.50:25.0.75: 25) FIARA PR & &5
AR K- 1722 Al % 2 S22 TT AR A0 Ml A T o 2 %) 52 e
TEHR 2011 4F A 9 BT A7 A o O JRAS [ 3l B8 251
X 2R S TUR I Wl it R o 2 ) 52 ) 5 BB S35 it I
J&é FAEDK b A [Rle (KCL) B (0 ~ 0.2 mol/ L) Z5 4%
RIZVURYI B B et B 52 i T o
fHRIZVORYFE i W AR, AR T RIR
ar AR 24 h W4 )5 B, 4 000 v/ min B0
10 min J5, 4 FF WG 0. 45 wm P85, HSH B 140
JEIGRE LI S v VR P e 5 B, W S AR T T
i 1 25 (B R S 2R ZTURR )T B8 0 52 2, i R ok 2
HAR TR e RO ELRI A RS2 DR B A A i
| B 201 KR AN

(i) ISR 2014AERKIIR Y eig
T 201440 KA R

40°N

35°N A

105°F 110°E
1 RESSTH

Fig.1 Distribution of sampling sites

2 HREHSH

2.1 BE

2 R 2011 AR R] R AR 5 (S1 .82 .84
S5) FJZ VLAY AEAS [R) U8 B2 25 14 °F i o BfF o 1 A
Ak, AT DL A L B TR A5 SRR A R Z DA X



IR B Q B, e —E MR EE T, Bl BADK

HBERI IR T R B p, Y3 K, Q R B B R 1

o [RIE, R A b Q AFTE AR B AR fE
—a-278K 288K —4-298K —v-308K

200 ¢
180}
160 |

140t

Tap 120

2100}

S sof
60
40
20t

0 5 10 15 20

600
500 -

400 Yy

Olngg™)
(o)
S
(=)
\
\
*

200} e

~
oo & " .

250

200 - o

15 20
p/(ngmL")
(c) 4

0 Iﬁ ll() IIS 2IO
p/(ngmL)
(d) S5
E2 2011 FFEKPRRRER/RENRAME
ARIBEFZFH TR MENEN
Fig.2 Variation of phosphorus adsorption capacity of
surface sediments at different sampling points under

different temperatures during wet season in 2011
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Table 1 Adsorption thermodynamic parameters of surface sediments at different sampling points during wet season in 2011

st 2 s4 S5
ASy/ (KJ - ASy/ (KJ - ASy/ (KJ -
1 1

AS,/ (KJ -

/K AGy/(kJ » AHy/(kJ - AGy/ (kT - AHy/ (K] - AGy/ (K] - AHy/ (K] AGy/ (kI ~ AHy/ (K] -

1- -1, -1 . 1-!.
mol ) mol =) mIZ") mol =) mol ') mIZ’l) mol =) mol =) ml(;") mol =) mol =) "11271)
278 -23.05 -18.52 -19.36 -22.71
288 -21.13 -20.59 -22.51 -21.40
36.98 0.21 8.54 0.10 12. 17 0.12 16. 59 0.14
298 -23.32 -22.21 -23.63
308 -29.28 -21.71 -23.33 -26.54
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Table 2 Fitting results of L. model of each sampling point under different temperature conditions during wet season in 2011

S 2 s4 S5
T/K Qm/ K MBC/ Om/ K MBC/ Qm/ K MBC/ Om/ K MBC/
- L ~ - L B ~ L - - L ~
(pg-g™") (pg-g™") (pg-g™h) (pg-g™") (pg-g™) (pg-g™") (pg-gh) (pg-g™"
278 342 069  23.6 279.3  0.10  27.2 3.6 0.14  18.4 255.1  0.60  152.4
288 93.6  0.22  20.5 24.7  0.18  39.4 67.0  0.39  26.2 434.8 025  107.0
208 64.4  0.40  25.4 123.2 0.25 310 476.2 0.45  212.9
308 113.3  0.30  33.7 537.6  0.15  83.3 153.4  0.29  44.8 454.5  1.02  465.1
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600 - 250
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p/(ng'mL")
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Fig.3 Variation of phosphorus adsorption capacity of surface sediments at adjacent sampling sites
in different water periods with different temperatures
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Table 3 Thermodynamic parameters of phosphorus adsorption processes of surface sediments at nearby

sampling sites in different water periods

S2(FK)) K1 (A7 1) P1LCFARH))
ASy/ ASy/ ASy/
/K AGy/ AHy/ AGy/ AHy/ AGy/ AHy/
ol ) (ot T G et T g e (et (el
mo mo! K mo! mo K mo! mo! K
278 -18.52 -19.97 -21.27
288 -20.59 -22.00 -21.02
8. 54 0.10 22.82 0.15 7.87 0.10
208 ~22.30 ~20.70
308 -21.71 -25.01 -24.77

F4 FREKHBPEREREARRE TH LEAYPSER

Table 4 Fitting parameters of L. model under different temperatures at nearby sampling sites in different water periods

S2 (FK ) K1 (#i7K381) P1 (7K 381)
K Qu/(pg-g ") Ko My/(pg-g )0/ (ng-g™') K. Mp/(pg-g 0/ (pg-g™') Ko My/(pg-g™")
278 279.3 0.10 27.2 88. 4 0.18 16.1 48.5 0.32 15.5
288 224.7 0.18 39.4 76.7 0.32 24.3 77.0 0.21 16.2
208 98.0 0.26 25.7 112.4 0.14 15.4
308 537.6 0.15 83.3 120. 5 0.56 67.8 91.3 0.51 46.7
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