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Phosphorus adsorption characteristics of the soils at different altitudes
in water-level-fluctuating zone of Pengxi River
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(College of Urban Construction & Environmental Engineering, Chongqing University,
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Abstract: The phosphorus adsorption characteristics of the soils in water-level-fluctuating zone (WLFZ)
have an important influence on the nutritional status of the reservoir water body. In order to study
phosphorus adsorption characteristics of the soils at different altitudes in WLFZ, the 140 m, 145 m,
155 m, 165 m and 180 m altitudes soils of Shuangjiang in Pengxi River were selected for the
thermodynamic experiment of phosphorus isothermal adsorption. The causes for the differences in
phosphorus adsorption characteristics of soils from WLFZ were discussed. The results indicated that the
adsorption-desorption equilibrium concentration (EPC) and the maximum adsorption amount (Q,..) of
phosphorus gradually increased with the decrease of altitude, that is, the phosphorus adsorption capacity
was enhanced. Combined with the analysis of the surface characteristics of the soil particles and that of the

correlation between the adsorption characteristic parameters and the physical-chemical properties of the soil
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samples, it was considered that the soils from WLFZ had a smaller particle size distribution, higher organic
matter content and Fe content, which were important factors affecting the phosphorus adsorption capacity, and
the different characteristics of the soils were mainly affected by winter flooding sedimentation and summer
rainfall erosion. Soils with low altitude has strong phosphorus adsorption capacity, which has certain positive
significance for controlling eutrophication of the water bodies in Three Gorges Reservoir.
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1.1 REHR

= XA F AL 28°32" ~31°447 , AR 4 105744 ~111°39" Z [8] , b F v [ M 458 — G v of 1) 55 = G B e
IV ) bl s A7 AR 2 KU R L AR AROR AR OK B 43 16 ~ 19 “C AT 1 000~1 200 mm,
B A 5 172.5 km®, T 21K 182.4 km , J& 4 DX #5417 T AR B R 19 30 . I8 T = BH B 3k UL
AT % AL 0] T 48 58 L K AR i s 41K
1.2 HmREMLE

2016 4F 8 HAEAL4 30°57 . AR 4 108°41 I WYLAL , R4 140,145,155,165,180 m i 2 AR &, 430 Jilid
b SJ-140.SJ-145.SJ-155.SJ-165.SJ-180, AN [ /& A% 4 S AF 28 D5 (A s K G BUR[] L o 140 m i Bt H 3R
TR HE B I P& 145,155,165 mo fmy F 0 98 28 [y o] 30 P 1 W /K AR s % L s K IR I v A 104 38 i g1
180 m P - B B ARV ¥ 4t AE A MR KX IRIX 3 B EH 145,155,165,180 m = A R AE S Bl 5 m” 22
A (R 90 FL L 4 REARAE 0 A0 507 &SRB 5~ 10 > H A S IS BHA" RAER)Z M 20 em 1 IFG IR G 34
S Ja R k45 2 1 kg . 140 mom FEAE (i FHRE R JE A4 R 46 . B AT SR AR O RE i 34 '8 T 0 RL 4%
W, T2 KB 0] S5 28 PEAT A R TR PP ik 100 Hf S ARAEAE S A8 B Tk A S .
1.3 ZWHE
1.3.1 HBAWEL

BTG 0.5 g 2HEE T 100 mL B0 LA 50 mL ] KH, PO, BC & (1A [5) 8 B & v B (1078 T
(0,0.05,0.10,0.20,0.50,1.00,2.00,5.00,10.00,15.00,20.00 mg/L) , B 7E & 25 °C 5% N 200 r/min 1Y
PEIRH R 24 h JE B B0 s BIE WA 0.45 pom JE RS U8 5 L 00 0 ol O R L AR Sl W B S 9 T B o
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TEBCW B 10 mg/ L W BT 5 Vi BE AT S A9 155 m H V&4 IR 180 m I WFFE X 4, k4T bb 3 i AR
FE X OGP RE I (XPS) LA B AH B 2T AN (FTIRD » o H 3R i bk
1.4 SDHNEFHE

P& LA PR (OMD R 550 “CHER M2, + 58 pH SRR E KR 12 2,50 14
ol TR (Fe) L EVBR (AD LBV (Ca) 28 W0 T8 i J5 ) FH F GRS 6 55 B8 K & 591615 Optima7000DV
B, I TE R AR R IO R FE AL Mastersizer2000 U 52 M3 95 AT 3 U8 ¥0 50k 40 B LR ) (SL42—2010) ,
FAR/NT 4 pm BARRL T 4~62 pm BAEIRL, A T 62~2 000 pm WM EMRL, I3 SR AR G 1. %
T W SR 56 v 1 Y R I VAR A B T L

TH V& 0T H 2 1 AU LA S H R F R3S 28 W Quadrasorb 2MP 4x [ 2l b 2 1 B K FL A2 4 B 4
S, T HEEUR FR T JC R OR FHFEBR K 250xi #E 4T X BFHEOGH F BB IS AN & (XPS) , + 850K 2 1 B A 41 R H 98
Bk & Nicolet iS50 #F47{ B 020 4R 635 I 2 (FTIR) o
1.5 #HELE

B 1% ] Excel 2013.SPSS 17. 0 &% Origin 8.5 # {4,

2 HREHSH

2.1 HEWTEAELER
TH T LA IR 1.

F1 HEWIEEWAMER
Table 1 Basic characteristics of the soils from WLFZ

+ 4 w(OM)/  w(Fe)/  w(AD/  w(Ca)/ AR

Fdh ot (gekg) (gekg D (g-ke ) (geokgh) o (B /% UKD /% (PR /%
SJ-180  7.16 39.20 33.50 58.10 34.02 8.28 12.36 19.36
SJ-165 6.73 50.60 37.71 42.47 19.81 8.91 43.10 47.99
SJ-155 7.26 54.80 43.24 55.14 22.73 9.10 60.64 30.26
SI145  7.33 57.80 16.69 45.38 23.60 11.96 74.46 13.58
SI140 7.27  64.00 50.31 51.83 32.28 21.59 77.96 0.45

FEE 1 a0, BT 145~165 m JH &4 1438 OM &} 50.60~57.80 g/kg,140 m L HEF 180 m 1 4
OM 43514 64.00 g/kg F1 39.20 g/kg. H# 140~180 m A [al 5 2 - HEAE 5 OM & 4 7] 41, Fifi 25 e 1 B
ik, 158 OM & it B i,

W& 11 Fe, Al,Ca S5 9K 37.71~46.69,42.47~45.38,19.81~23.60 g/kg,140 m 113 Fe, Al,
Ca Zri43 31k 50.31,51.83,32.28 g/kg,180 m 1 4 Fe,Al,Ca & 5434 33.50,58.10,34.02 g/kg, Wk,
B i B A R AIG 48 Fe & BTBG N, i AL R Ca Bt JERMLAE1L,

THVE A AR Y e OB R B RP R B A R 8,916 ~11.96%6,43.10% ~ 74.46%,13.58 % ~
A7.99% ,140 m TIERORL & LG MR S b EDRL o L A3 i 21,5906, 77.966,0.45 %, 180 m IR R L L
KR 7 b PR 7 LG 430 R 8.28 940, 42.36 %0 ,49.36 %6 . B fea R 9 B A L BEORL RO R o BE Z RS N ThRD R 5 L
W /I o 3 I i v R A BRI L A0 R 7 G R BOR R
2.2 HET TIERER MM

TERAG A 85 0 2 Wk (0.0~0.5 mg/L) N, 1838 5 G 2 0% 10 W BE A A7, 5l 10 W A 2 5 WO o - A7 ok
RAF Pk 6 3R L 2% 53 A FH Henry Z& 4 05 B2 07 LLEAT B G i R 1 170 DA b ok B O 0 et VR 3
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H Henry M BRIEATIIA . 78808 AOBE U IR 7 (0.5~20.0 mg/L) T, B % W o o W A S T 7t o, 05
Xl 14) R B £ 720 0 AR D L 3 B Langmuir J7 R LG SCR B4 0, R 7E = 8 B B UK E R A Langmuir J7 F2
HATIG
2.2.1 ARBER R LT M & LT AR L R &
JH Henry ZePEJ7 B84 IR0 ok B2 N TH & 47 138 0 i W2 B 45 IR e an 181 1 Fiv s, WGk B I 3 K F (p <
0.0, E% R, Henry kMWL G TN
Q =mc — Pap» (D
A Q J I VR AT LI XS W W B i mg/ kg sm SRR L kg e SRR ) 88 BT VR BE s mg /L Paar N
TH T 7 0 S5 A i W B e o i 73 %0, mg / kg
25 -
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Fig. 1 Phosphate adsorption isotherms of the soils from WLFZ at
low phosphate concentrations(0.0~0.5 mg/L)

FIH Henry Ltk J7 #5545 B AW PR AE S 8003 2.
R2 OHEHLRBERMA Henry M FEREHIESH

Table 2 Henry linear models for phosphate adsorption and parameters of the soils from WLFZ

+ 13 Henry Par/ m/ EPC/ 2
5 27 (mg+kg') (Lekg!' (mg+L " A
SJ-180 y=43.30x —0.35 0.35 43.30 0.008 0.97
SJ-165 y=77.89x —4.82 4.82 77.89 0.062 0.98
SJ-155 y=108.86x —15.29 15.29 108.86 0.140 0.98
SJ-145 y=129.32x —16.64 16.64 129.32 0.130 0.95
SJ-140 y=103.79x —20.84 20.84 103.79 0.200 0.97

P e A9 VRO ST A B Ry R T VA A R A A W BV RS R B T e A, T A R P e
N 4.82~20.84 mg/kg,140 m +3EFM 180 m T3 P2 514 20.84 mg/kg 1 0.35 mg/kg., BIR,BEEH &
REAG L T 7471 13 NAP A7 513 K, BT 9% 417t 37 IS W0 BFF A 25 bl g

25 P A T Bl A W B R e ph S (DD SRR Y T B T vk b T B A T R EPCL
% 20T, I 7K 11 EPC 24 0.062~0.140 mg/L,140 m T 3EH1 180 m + 5 EPC 4% %% 0.200 mg/L Fl
0.008 mg/ L, P SCHE A5 X AR 0T TR A AT T4 17 - Sl W BFHRs 1k AfF 52 A5 31 19 EPC o4 0.040~0.110 mg/L,
SR SO 5T 25 AT . W B i W - i vk B EPC OB B < U 2 1) B Ak B FE R PE AT S Y5
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5 EPC KT b 78 /K Wl B 2t Ve 5 W), W /K I 000 T T 7 i B8 SR B R il e e =2 TH T S U R i . AT TR
F&-0 T 2016 AR B ZRARK A B, D 3 4R 0T | 2 K R R OT 4 vk B = 3K 0.16 mg/ L. 5 T 2 I Y5 A EPC
{8, RUAE 5y K HE oK AE B B 28 I 7T 1 ST g 23 3 30 0y W BBt o DA 020 1) b K v R TS e %) XU . 1T 46 2 1
KA o 7K AR v B o e A A IR A KT 25T T 2016 AR 5 BRI ZE KB I HE v R 0.056 mg/ L,
RT3 2 I EPC E, X Bl E B0 T 1 v 7 188 25 ) K R rb R ol , R W U
2.2.2 BHEBRBTRETHET LETBGRMFBL

F Langmuir J5 2 #0055 /& 8% 0 & v B2 T T V& 7 0 HE 0 8% 00 W B AE IR 2k n 1B 2 PR, 1T gk B B 3 KO
(p=<<0.0D) . UG FF, Langmuir TR

Q=rk + Quuc/(1+kec), (2)

K. Q N IHVEAT T I W 1 B 5T, mg/ kg s Qe I TH ¥ 1 1 538 X5 B 19 Fe KW B 3 mg kg s b O P 18 W2 i 3R
#.L/mg.
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400 - o, SI-165
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Fig. 2 Phosphate adsorption isotherms of the soils from WLFZ at
high phosphate concentrations(0.5~20.0 mg/L)

FIH Langmuir J5 F2 T3 75 2] 1) W B AR AE S50 0L 3,
K3 HEFHTEBBMHMA Langmuir FEREFTESH

Table 3 Langmuir models for phosphate adsorption and parameters of the soils from WLFZ

+ 15 Langmuir Que/ k/ Ppe/

FE b LA 7 & (mg kg ) (L+*mg™") (Le+kg " Kk
SJ-180 Q=27.79C/(1+0.22C) 126.31 0.22 27.78 0.98
SJ-165 Q=49.92C/(1+0.27C) 184.88 0.27 49.91 0.99
SJ-155 Q=38.25C/(1+0.12C) 318.72 0.12 38.24 0.98
SJ-145 Q=61.50C/(1+0.15C) 409.97 0.15 61.49 0.99
SJ-140 Q=63.66C/(1+0.12C) 530.48 0.12 63.65 0.99

P32 3 AlJ0, T P - A W B R BN 4 Qe T 184.88~530.48 mg/kg,140 m T HEF 180 m T Q...
98 530.48 mg/kg Al 126.31 mg/kg. 7 UL BE & 1 58 55 B2 8 W BEAK . 14 9% 17 1 358 % B 00 o R W B O T
o,

FIEHR KB WEES) Puse N Qo 5 & BT B, Gl B WL 25 & W 1+ 358 X 9 10 18 2 58 8 A KA & K
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AN B P e BN R e M A A 45 5 0 R AR P L PO v R R R R R g
P e T B 5 1 520 T ARG L T 9 R R R G2 WP BE ) P e PR Y B R B i Q. 28 T 389 00 SR WIAEG e 7
T Y 7 e SR % RS A8 7 5 L X 7 B AR R A A5 WA e R IR A I P LI TP I LR R
2.3 HEFHFIEMARESE

A FE AT SR Wl 1) W B RE ) T B IR T SRR 14 3 T ) B A 2 B, AL A b R L 3R T AR
FLAR MG A i A S i AE L o TR v AR A R AR e T A R R RE 0 T R 5L R E R T 155 m 1
PR LS 180 o b M, of R B 98 i 9 S A A 0 AN A
2.3.1 il U LA AR

TH 78T T3 L SR AR GE 45 R IR 4, 155 m I 74 T3 Ay LR AL P ALAR ALIR BRI R T 180 m £
B, X AT RE R R A 155 m T Y& A - HERE L N BE TSR T 180 m e WL A8 Ty 09 B IR . il /N W AERY B R
B, GURR P A0 OB A /N G L 2 T APUBRCR , 0l 1) W B BB ) SR . AR B AED AR N A BOR L AR T
F14 90 /b JURE AT A 18 412 (4t B 22 1y WA OF 07 L W R R IR R O BE D L AR . A5 A AR 1 AT 155 mo i I R e
RORLAR /N T 180 m 3%, 145 155 m W& 1 38 HE R AR T 180 m 48, DA T ¢ B B8 56 1) A2 T P E

R4 HETIELRER
Table 4 Specific surface area of the soils from WLFZ

TR HERMAR/ (m* « g7 F L4/ nm LR/ (em® - g7 ")

SJ-180 W ff i 9.46 4.80 2.27
SJ-180 Wt M f5 9.29 4.65 2.16
SJ-155 1% FH i 13.55 6.02 4.08
SJ-155 W [t 5 15.01 5.67 4.26

23.2 HEFEEBEABAFEER

TR 2 100 R Y B S 3 T T 3K PR 2 A R A AR R R X R RE B T L A SR R B S K T G
RIBAL . YT B RSN AT o A1 A ORI TR AR Y HL T R PR T A R AR Al A R T B O
A N JZE LTRSS RERGIN B2 254 BRI o 3R 5 I v A R R B R A A% T R DI £ P A
. 25 AL C.Si, 0 TR SRR KW BA . T Al Fe, Ca JUR YA A AEXY KA 7424k, MK %
i e G R AL S AN TR R R S R AR T R R WG A A W L W R AR v R B T A
o AOFFERWT L B ALY oA BOR Y b R AR B 2 0 3R TG VR BE H L nT A AR B R R R
TR CaCO, RE M R W T A i 9 £k T % A L DTVEAR T

x5 HETIERMITERTERIELEGEE
Table 5 The peak binding energy of XPS data of the soils from WLFZ

before and after adsorption

WIEALZE AR eV
JLE
SJ-180 Wi fiAy  SJ-180 WL FfffE SJ-155 W B i SJ-155 W [

C 284.14 284.16 284.17 284.17

Si 102.11 102.12 102.11 102.11

o) 531.15 531.15 531.16 531.15

Al 73.94 73.88 73.92 73.93

Fe 711.73 712.03 711.86 711.68

Ca 347.06 349.62 350.52 347.04
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2.3.3  H %A LI HUBAR 2 eb 4o kg

TP T B S A RERR R AL R B 2T AN T DR AR b T R AR AT 4R,
i — 25 AR T A0 W ST 0 1 W BRS04k T T DA A 4 2 BN T YA A A B I B R
PN . T 3T T SR BB T B £0 AP G 1 R A A W) B AR Ak BT I8 155 mo T VA R HEAT 180 m +
8 NEAR ] 3 I S B T

Hi &L 3 AT, 155 m I8 7% 47 SR 180 m 4= SO 4% 181 & 1A L B AR oL, R W A i o 26 L, Horp,
150 em " BFE (8 W AR 26 CaC O, B4R B 065,155 m 4 74647 L 346 1 450 e ' BFIE H BRI L 177 180 m 4%
KM, Du Z B ER W], CaCO, 76T 5 41 W B @ i i B b iR F AR T . 155 m I V&9 7E 1 030 em ™!
Ab 1) VAR S5 BE R T 180 m 38,117 1 030 e ' BAF T 114 W AT DS v U Ay N Si-O-Si A 47 ik 2 7 AR g g
REFW AT SO, AIFED LI, KA S H b &S A S5 R T Y k. 180 m HIEK
0 L R 32 AR R e R A G 0 A B AR T 155 mo I VR AR R, ARER LD B SER W] e A SR L kL
/N R TR R R 32 B3 Wl A W BRI A, S5 G328 1 AT, 155 m I Y& A FVORL A7 LR T 180 m £
HEFRL A7 LG L AT RE R 155 m I YR L IERE R MM AE 1R T 180 m HIEAY RN Z —.

1 436.50

155 4338 0% B Ay

3619.75
3431.33

S~

= T en

Y=} nwn
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g o 5 %
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Fig. 3 The FTIR spectrum of the soils in WLFZ

2.4 HHXMESH
TH T 7 SO0 B %) WS B R 1 5 HC B e S5 % DD R O DR T X 9 9 A A 1% B8 W R AR AR 2 B AL P R
HEATAHEPE M 25 R AN 3 6 B
F6 HETIHEBRRMFESHSELEREXES N
Table 6 Correlation analysis between isotherm parameters of phosphate adsorption and

physical-chemical characteristics of soils in WLFZ

i H pH OM Fe Al Ca Fh AL L LA
EPC 0.511 0.965" 0.973" —-0.104 —0.037 0.791 0.912" —-0.922"
Qo 0.603 0.945" 0.991" -0.133 0.099 0.863 0.976*  —0.991""

P cn =055 % FARBEME p<<0.05; x* TR W FEMAE p<<0.01

H1 2 6 AT A1 T v 7 o S0 0 R ik R 1 85 e S EPC Wi fie R B it QS5 00T o BE 222 B0 38 TE AR G T 5
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W75 L 2 BORE OG L 3R I A M UREL A8 X T Yl R R SRR A . i 3R 1 AT B R R A
KL W V5 7 1 v 20 0K 7 L R RSURL o5 LN . EL PR PR AR RS R B, e K R A 2 K A6 )L K AR
UL AR 2% H A5 BRI (A1 R BORE 23 O S A i R v T VY D DO A ORI T ) T 8 A DU R R AR A Y
L, FEIRAEDYRFGE T WK YV UR G R & B B[R] S A R T YA A e v A R LA . B/ R IR K
LI VL SR B8 T 2 1R ot 30 BRI R R A R Y il M ARk AR RO TR R S U VD I O R 1 O
S B AN UL 2 B A TR (] e R A AR AR OB . P O o A 2 A K BRI B R B R AR Ik i XU EE AR T L T T Y 0
E UG VR T = S O (TR N

TH Y - S5 I B A W P B vk B EPC LB B RIEHT QL. 85 OM & i\ Fe % 8 5 1 35 IEAH G, £ ] OM
BRI Fe S 2 5 W V57 T W SRR . Wang 250200 X = e J3 X S 30 - 498 9l 0 Ao 1 A OF 9, & B 24
T8t OM R4 s E ey & b . 13 EPC il Q. W 080/ =146 e A e R B, Bk T 5 +
S T 6 3 A5 HLBE A A s Aok PE R S A8 | B T W R R A S R s - X B A W B P
OM & i Fll Fe 5 i th 2 5% Wi 1 7 47 - HE R I KT RE 0 F 22 JR M.l 3R 1 Wl 80, K7 Jo 30 P ik 7 1 T v i
OM & it Fll Fe 7 2 Bl = P2 (14 3 AV I 328 9 185 00 o 45 6 1 9 47 1 38 3 Ak P BT 22 1) 0% AH DG Pk 43 B . & BT 954 1
5 OM &t fl Fe & 8B 5800 2 W& IEAHC (p<<0.05.n=05), 5K L 5 1 3 540 3¢ (p <<0.05,
n=>5),XFEH OM &M Fe FRbZ2N T HHRAR MMM . A 2H 98 RHEBUR RS /N, T2 H
R W B A BILJTE & AR S R

P LA 43 A AT A B R G I L 9 VR A R IBURORL AR AR /N LT OM 5 A Fe & BE380, 61459 4 7% -
18 W T B oy B v R R ALR T B 58 . 0o K R e Rl R A < T R ki Dy SR T K e R AR Y T TR
G wb S 22N T 8 T TR 0 e w3 VIR VA At N = G R 0 A B 4= R (1 = g ) T A S T
TR Ml T U5 5 G XU 18 T T AR o R 9 7 - S EL A iR A Wl B RE T, A B TR G A TRl A s
g rp R ) e XK AR IR R — E R R

3 & i

Bl % R YRR T 75 ) OM & Fe &1 DL SO RL /R0 KL (5 He 88 0 . HL 39 7 41 - 538 0% B fige 1%
e EPC A IR W Bl B NAP il e WG B et Qoo A1 2 B SR R G2 W BE T3 P e 173 7 1 0 2 WIS 9 Al
- ST W R e R 19 AR T R T

TR NAH G A BT e B LRI AR RN 4 R AL A W S AN TR B 155 m - HERT 180m - 48 M i
P2z ORI, YA 1 EPC.Q... 35 R HERY KL & e A LT & R Fe 75 5 W3 15 AR O, i 55 4 e mb
BL i He B B UG I T VA B ELAT BN IR AR A A B (AT ML R Fe 5 48 2 5 R A [) A
T 74 e R A A ) R JRUIA L L A B A F v K U BURN B B R R Ik S e (R R R YT R LA
50 R 14l O B 0 3 o T A 2 XK R 3R A B AT — R B

SE K
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