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Comparative study of adsorption characteristics of phosphorus by sediment in
water and riparian soil and their organic mineral complex components
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Abstract; The sediment from Xinlicheng Reservoir and the soil on the shore of the waters were selected to be research target. The adsorption
thermodynamics and kinetics characteristics of phosphorus by sediment, soil and their organic mineral complex components were investigated by using
equilibrium adsorption method To identify the adsorption mechanism of phosphorus by sediment and soil. The contribution of each organic mineral complex
component to phosphorus adsorption was also explored. The results indicated that phosphorus adsorption by the sediment and soil were well fitted with
Langmuir and Freundlich model. The maximum adsorption capacity of sediment to phosphorus was about three times of soil. The adsorption thermodynamics
of sediment and soil clay complex on phosphorus were well fitted by Langmuir equation and the Freundlich equation. The adsorption of phosphorus on silt
and sand was fitted by Henry equation. The adsorption capacity of clay complex for phosphorus was greater than that of silt complex, and the adsorption
capacity of silt complex for phosphorus was greater than that of sand complex. The adsorption contribution of phosphorus in soil and sediment clay complex
was about 60%. The adsorption contribution of phosphorus in soil silt complex was slightly greater than that in sand complex. The adsorption dynamics of
soil, sediment and their complexes were fitted by first-order kinetics equation, Elovich equation and double constant equation, and all adsorption
equilibrium was reached within 24 h. The result showed that the adsorption rule of sediment for phosphorus was similar to that of the riparian soil. The
phosphorus adsorption capacities on sediment and its complex were greater than that of soil. It can be concluded that sediment has great purification and
adsorption effects on phosphorus from the soil into the water by surface runoff. Sediment can therefore be regarded as effective “sink” for phosphorus.

Keywords: sediment; soil; organic mineral complex component; phosphorus; adsorption
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1 5|5 (Introduction)

AT, B KR i@ £ 2ok 3 Tl A% &
FREEY I 7K A R TS B DR RN AR Ml A 3 S5 T S G
P (Sutton et al., 2011; Yakutina, 2011; Shafqat et
al., 2013) TG R LB AR R s B AR
B AT RS Y id B B A s (2 s A%,
2010; Hahn et al., 2012). HIE4EK, i AL ™
BRI W B v A M A I AR I 1 A, A A5 DA
AW AR Y T RS G 3 A FR B [ H 4R
i RHA BRG] E R KAEDEALH &
U R AR PR 2R R TR R TS k) 2 A 1 B K B
AL RE I T AR IR Uy

T] A A T il b 5 Y 3 22 ) ) 5 O Y
PR KA A2 25 2R G Al b A 25 2R G Y B X A (B
HLAE, 2007 ; 224 HR4E,2008) , BIA M Bk Ak
PRI A 15 Qe A R TE B iR ARl T
PTG G R T ] U 7K 5T T TG AT A A H i B Y
VEFR SR AR T 20 J2 1] Ui i = & 1 DURR P g A
KR AN % S 55 T MR K L ORFRRE T 1R B
FSHE], Kt i - 8 DR S5 W) o Jek b 2 A% Ui
AT, ASASCAE ] A 3 B, T L el T 3 1 7K B A A
B Ak, 3 h AU A S A HUR AR D St A7 A
CATHE RS BERESE S EAA PLIEHL
EAW, LA NICHLE & o L3 X ) T RE BT
FEAFRIEZ — (RERESF,1990) .76 - ey AR s f
AHTALE SRR IS T () 2 Ll
25 YL i, X 15 G B i 1 A AR 2R
BABEZAEN. B TARRARNAILTLILE S
AHYRE P A ESE T7 N S ECEA R 5
YWy R AR RE Ty S A WA R S5 5 TR A AR 22 S
15 YL WA T SRR B8 v 19 2 8] O S AR KRR |
SEAHLTCHLIE S A BC R 1 29, 3 100 52 0 H -7k
AT BRI RS A A S IS e A T A
TUBUE R T, — A Bl 1 KU 7 4 KL 5t
AP TR B LG W s o), HAT, (HA A
P3O T I A v A B KA bR

I VRN 3 AR A A3 b A — s O G
TRV - A HLICHL A A 1R T B8 1 W B A0F 92 5
ANZ L.

B A - E VAT 7K A K A2 i 2 3
AR R AR K B E -7k B 1 8] i E
FEHEAL AN B R S 1Y (Kim et al.,2011) ,3X
— R P E T AN T R X KA 135 G BT Rk (Smith
et al., 2006; Lake et al.,2007) . K, A 2 B HF5 0]
TLIRE U B 300 - STl ) WA BT, 2 T e ok
T A% H - i A B U vh % B 1) A A8 5 1k %
FEAS [RPRLGR [ERR A J52 [v] B P53 0 . 55 T ot AR
TSR T S K 2 v (4 ie D B e 300 - 38
FEXFGR 38 12 28 NS UL IR B e F 5 ol 7 £ i oo A
O RUE | R T E A ML SR (AR AL
KL R ) X B (1% W BFE AR PR R GE T, I 43 B AN R RE
DI G AR B 0 A TR, DT ST BT A [T A 4 Jo
XPIZ K Al 1 B R B4R . X 4T T AR
W A T 3 A K AR 32 B S AL AL, DA Bk
RE BB A B HEIE X

2 #5577 (Materials and methods)

21 BRERFMIEHINXERAIENE &

NGE RS

VPR A 75 3 ST WK JE AT 3 T A 39 R R 5 %)
% AEEE UK (125°22/05" E, 43°40743" N) N AR
W5 AREE S (KA 1A, KX 4 4, R4k
0~10 cm JEJeAE . 5 HEXT W 7E R 3 20 m B[N,
R FIETE R B SRR 0~ 10 om B 1496 (13
KA A)VFES S O, BAFEMEL 1 ke ¥ RAE
MRy RS2 802 [ AR T, 2Bk sh A 5% B8 4 It
WA e RS20 BRI 1 kg 1) 3R 5 A
Yetth, B Wt 60 H 0. SR FH A A 43 #0 (RERE,
1974) $ BOR Rl R 42 A BT AL & 1R, 4035 20
(>20 wm) APKL(2~20 wm) KEKL(<2 pm) , $2H
AR T T W B S 56 8 R RS e A
- SRR A 3 PR L 1.

®1 HRHERELER

Table 1  Basic physiochemical properties of samples
Foxiiv CEC/ EEpINsie v . A A/
ﬁé‘ﬁq pH /, . U l,'li %/EL %@% R )<71 R ‘:
(grem™) (emol-kg™") (g-kg™) (mg-kg™") (mg-kg™")
4 6.81 1.18 20.17 14.54 0.12% 0.09% 103.30 22.40
JER 6.47 1.79 13.65 16.29 0.13% 0.11% 198.40 70.10
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22 JRR . EEREANTAE A KA 5 0 R M
22,1 HM#AHFE BB T 60 H i KT
UG R I A A L AL R A R A5
2.500 g, & T 100 mL B3 = MM AR ABE K
JEH 0.3.5.10,15,25.40.60.80,100 mg- L' 1y
KH,PO, % #& 50 mL, 3 ¥F H % i & KCl (0. 01
mol - L") IR TR 24 h, B B 4 B 2 5048
Hr, LA 3000 remin” AR EESC 10 min J5 /NGO
AREC LT W, A S BT EL 7 00 2 1 38 v 1)
RIS 380 S 7 5 7 0 B U B 2 DT AR A R
wm, BN IEE 3 R EE. H Langmiur A
Freundlich J5 X8R HEATHL5 207

222 WHtEhh ¥ EBEEAEE R 50 mg- L7,
HEATIRIE 38 Je — A5 ML TCAIL S A AO6) Tl 1 VR A
B 1S, W A 435 0,0.25.,0.5.1.,2.5,
10,24 32 .48 h, HE# AR W #2520 i 92 55—
R 12T R B 1% )7 B Elovich J5 F X 4K
AT 3T

n JRE
1200 o i
Langmiur 2535 4

W i /A(mgeke ™)

3 R 51718 (Results and discussion)

3.1 JRR L AEREHNEHE A x5 R 8y

A1 ¥ FRAE

FHY-r 2 01 5 e e, 8 14 3R %) Wi T 30 42 1
| Langmuir T AEAN Freundlich J5 23304 H: [#H
AR S TFL 2 o R0~ A s YR v 22 ] 1Y) 5% 2R AR AT 1l
M B 0 et 2 o S T e Bt 2k, 4 2R LI 1 D0
ZHROLF 2.0 1 AT LU, A SR K AR IS e A 1 4
XF il R I B 455 Langmuir 1 Freundlich W% Fft 45 7
2, PG T W B g R AU R R A IR R ek 2K,
AP 2B 0.901 ~0.984 2 [a]. i 2 2 o il s AT
VL& Y, i e XF 8 0 5 KW B & I, (1018
mg kg™ ) 2k - TR ) B R R B R Y 3 A (374
mg- kg™ ). — SR LE AR RV A BT HL
JoT B A %k W B B A EE 252 ) ( Lopez et al.,
1996 ; 5KB A 45,2001 ) 38 # 5 5L T, Bl 45 IS U6 % i
FERE R I, HA AL A B B9 & B Bl 2 5
(XIS HEEE, 2002) , HOOH B Y W R IR BT A8 fe e 25
R EARAIEE, 1990) AFFER 1 A EUE B,
JEVEHA LT R BRI TR R
n R

L
Freundlich 2§38 %

1200~

900

600

W B (mg-kg ™)

300

0 20 40
VR WCEAT R /(mg-L )

60 80 100

0 20 40 60 80 100
VB /(mg L7

1 JEiRFI XSRS FAY Langmuir (a) #1 Freundlich(b) 284

Fig.1

Langmuir (a) and Freundlich (b) isotherm of adsorption of sediment and soil for phosphorus

F2 KR IEREGHNENESERMBENANEARBEXSH
Table 2 Relative parameters of thermodynamics equation for adsorption of phosphorus on sediment, soil and their complexes
Langmiur JiE Freundlich 772 Henry AT
s T,/ K/ rek/ Ke/ L e LU K/ m/ o
(mg-kg™)  (Lemg™) (Lekg™) (L-mg™) (Lekg™)  (mg-kg™)
+i 374 0.085 0.032 0.935 60 248 0.901 R 1.785 18.1 0.886
R 1018 0.162 0.165 0.984 210 254 0.942 JiEe-HbAL 2917 37.8 0.945
YRR 363 0.291 0.106 0.876 104 320 0.840 HHEHRL 5.453 -15.8 0.903
S A 925 0.112 0.104 0.961 158 237 0.954 JR TRk 4.632 4.5 0.908

VLT, KR K, Langmiur WRHERER B, T, o K, F27R 101K 2R W A TR 928 0B 0 s K Freundlich A5 505 n R T6 3 400 51, K 20 1D R4
BVAE [ PATORER V5 S I R BE [ s SR\ BBE | BV BV 8 O I - Ml 1 i i
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G T X T Py W o R 4 T %) i A I
HEL(K,) F2 S [ 6e 0 A S8 K (R,
2 Y 31 AR 0 JO %t AR 25— 1140 R RS T8 23 R o) R P
JEG RN - ST XSl i B B 6 41053104 0.162 Lemg™!
F10.085 Lomg™", 156 B[R] 25 1 T JES e X6 i 114 2 B
HRERF I, - K, FR7m A AR Z2 0 B o s
ZWHEN (R ARWE,2005) , NE 2Ry I K {E
A LU H TR [ 90 1A 28 %51 1l ) 2% v i ) ek 3%
FE FARAKAR 2 v Wl vl B2 A8 A 35 KT JiS e e 4k
BT ROl R ARV E L AEL 5 A — T T, IK AR BRI 2%
PEAE ARG Ve 0 S AR 15 G B A ORI X TS
Ve 145 | Freundilch W B 45 it it 4 7 FR A0 H 4K n A2
AR K ABZE AR, U B AE — 2 Vi B2 [, 2
E GG RN - STl W B 658 0 A0 02 K (ELRY K/ KB
T, W B i A R, RIS U X i i I B K T
+ 1.

S S 4 HE A 52 AR R B 118 TR o R g 2 B H
UL 2 G S5O0 2. B AT R R A R B
AW B 41 R I M £F A Langmuir A1 Freundlich 5 72,
PR 2505 BT 7 8 1 L5 R B2 X G i 2 K T
PR EUAE 0.840~0.961 Z 1], T ¥ ki & & 7R A i
AR 1 W B AF A& Henry Z514 7 R 76 SE I vk

1200 - °5 Jigye- b

A JEJe- Kk
" O JRUE-HERL

—— K% Langmiur 2835 %
= — WKL Freundlich ZRR%__ - -
WKL KA -

N3

S

S
T

Wt (mg-ke )
(=)
g

300

ad 1 1 1 1 1
0 20 40 60 80 100
VIR /(meg-L ")

[ 2

JE S LN R R AR A R X6 Tl 1 WO o o 1) R T A &R
GARTEN R SRR B . 3R 2 FTRLUE ST
RS A5 VAR B R B o (925 mg - kg™ ) & T SFERY
WA A A B R B (363 mg-kg ™) Y 2.5 135, JIE IR
RRL S A A T Bl 1) W% B 22 vh g ) I, K (0. 104
Lokg™) 5+ HORERL A & 1M 24 (0.106 L-kg™).
Henry VL7 B IU-GSH0T I K AR FEARY) B i
(A AR Hh P ] 2, DG U L 3 R A A5 A X
RV B B 35 R TR R A A, L R IR A A S Ak
L N R AR N1 w2 2 = Ry
ANl 1) TR BFF £ /0N T JES VR AR A2 5 1 X 1l 118) 8%
IO T AR AR B UR B A AN [R] 1Y B 3% T AR
FUST L, X B AE [ AT AS e 1Y) 5 W A A 22 5
(4 AHAIAE, 1990) .k uif, Wi B AURL Aokt A B i
T, R T AR A, ) 2% T BE i, X i %) W R R R R
(JRIZEAEAE | 1998) JICie  HIEMRL Fb A i & 1R 1Y
W B A5 T 246 A2 2 sk e B A A T AN 8 Ao A A 58 S
LR, RO R IR R A #RIEE m #~ 0, X R TR
SR AR A BT A AR W B — 8 it i, T X o B 4
G TR AR AT BT b i 5 0 B S 6 v W B %) B AE
VR 73 T M B 46 & ) b ] BEAS [R) 3 Y (Jin
et al., 2013 ;3 24,2003).

600 b.
o L -phkL

—— JfkE Langmiur 2536 4
ATHE-MPRE — — KSKL Freundlich 28R 4%
ot - Kk ——WPRL/ MPRIELLR

450 e

-
-
-
-
-

300

W ik A(mg-kg ")

150

1 L 1 1 1 1 1 I
0 20 40 60 80 100
VWP B /(mg L7

KR T EAVNLINE SENBER IR ZERE

Fig.2 Langmuir and Freundlich isotherm of adsorption of sediment and soil complexes for phosphorus

3.2 JRR . EIEREANEANE A KT8 R M B

N ¥ HEAE

I —223h 11207 #2 Elovich J5 FEFIRUH BT
& (Khaled et al., 2009) LG /KRR | R i) 1458 I
THEANTCHLE B VRN B 1) 0 B Bl g 2 58 45
UL 3, A S B 3. -3 3 HP Ay T He R AT AT,
JE VR | 38 B 35 (A BILTCAIL S A AT Tl 1 WA A
1B & — K3 J1 2% 5 . Elovich 7 B2 I

XU BT R DU BT Wi 1) W RS2+ 9 2 2 B 3 )
PR AR 8 A A DR BRI I RS R RS A A B B
B, M i AR AR PR 3 2 PR g W 2 R T A [ AR
JR BRSP4 S0 3 T3 S W B AT e i A IR
FeIu], 2 el ORGP R T HE AT W (Jellali er al.
2011 ) JEYE -3 Kz FORE KL G AR Wl 1) 1 B A
TE 24 h KB, R Je | L bR Rk 2 5 1
XA B FEATE 10 h IR 2P X — 2R 5 HE
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H DX TCRR ) W B B3 ) 285 R — B (XA, 2002)

m R — —RHNETRE ® 1% — — RN FTiR
O EJ-whk -~ Elovich Jj#% O hg-abkr Elovich J#3
800 A RR-RRL XU BOR T 400 A BRI BUH R TR

O 3-Kki

O JRIE-HikL
300

LOLet s

o0 o0

£ E

= =200

] ]

= =

= =

100
0 |
0 10 20 30 40 50
i i /h s} ) /h
B3 KiRFMTEFNENESEIITBEWRMEZhHFE Mm%
Fig.3  Adsorption dynamics of phosphorus on sediment, soil and their complexes
*3 RKRMIEENENE GENBERMZNZNESH
Table 3 The fitted parameters of adsorption dynamics of phosphorus on sediment, soil and their complexes
e CIVIE N Elovich J5 2 WL BT AR
e | 1 2 a b] R? k2 m R?
(mg-kg™) h!

+ 0.573 0.942 0.954 145.9 26.6 0.914 137.1 0.166 0.964
B8 A 0.864 0.514 0.939 13.5 3.4 0.908 13.2 0.186 0.814
ot Y A 0.488 0.938 0.824 97.0 14.7 0.951 94.1 0.134 0.945
T He-Kikr 0.450 0.936 0.951 227.9 27.9 0.908 220.9 0.117 0.948
i/ 0.342 0.937 0.927 509.9 42.6 0.935 503.1 0.797 0.953
JUe-ib ke 0.314 0.319 0.871 129.1 7.2 0.834 128.7 0.516 0.803
i/ i A 0.264 0.960 0.662 205.4 11.6 0.950 204.6 0.053 0.936
S -HlAE 0.528 0.854 0.864 375.0 60.7 0.977 364.8 0.139 0.951

TE QK VA7 B BRI BE k5 e, 8 WRIRE R SR S5 25 o L ey 357 R 5 b R e 28920 R S R AR 3 R 1R A

3.3 ERRELIELFANTAE A K56 R
7w

JES T o - HE 4% 2 S VAR Kol %) R B R DL ] 4.
H AT JEC e R b A A A R - SR b 52 A A ) T
PR B DT IR R (60% 2247 ) X TR ek bi 2 G4
TE W BRI G B JE M 3~ 100 mg - L™ YL FRI Y, ks
A PRI (1 W B 5T kR FRb R A2 A Ik, HL 35 1)
)25 SEIATEETE 5% ~ 10% 4 T R G A1k
M5, FEWE BB B B VR B /N T 25 mg - L', B hr
2 A AR L 2 A T 1l 1) W52 o o TR 6 AR A 214, T
MR R IR B BT 25 mg- L7V B Bk & 4 1A 14 12

B DT RRZE TG 0, AR 52 AR 178 W BT BT R R A A 4R
ARAE BB E A 80,100 mg - L7 B Kk B &
PRFIA R G AR 1 2 B0 BT R AH 25 A BIF 98 3R B, TR
XYW BB T S A AL BRI B A OGS,
5 AL O, Fe, 0,55 42 J& E ALY 10 & 2 A IEAHC
KER, 5 S0, & & B A 7R (X85,
2002;Slomp et al.,1998) .1 AL AL B I & , AL, O,
il Fe,0,% 4 J& A ALY L 56 5 A FE R RL 2 A Ak
1M Si0, W] = B A FERb R A v TR I, Kk & &
A T A B R ) bl 2% T BRI s 1 4 s R Ak
EETE A TR AT ol A5 X B 10 R A iR e
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Fig.4  Adsorption contribution of sediment, soil and their complexes for phosphorus

4 258 ( Conclusions)

1) X T F5 07 7 3K 2 DG U8 B e i 3 e —
FAPVUICHLE G XT84 W B AR A 58 R BT, AR
A G U X B8 118 WA o A o 320 1 S0 gt v WA BfF, L
T W T W B A T 2 A A Langmuir 77 2 I
Freundlich J5 2. 24l ¥ 18 A5 Ak 358 K , Ve RE4EFF
AU AT Wl e AR A FH L JEC e R T 1l 1) WA 8 e
HRU R 0.162 Lemg ™ F10.085 Lemg ™", 15 B[R] Ff
SR DG U %o B 118 WA A 238 K T 3.

2) TESLI VR FE VO L A, W TR Ui St i - 1A%
R AR, KR A R 8 0 W B i 5 o, X 1Y
W B o Rk B R, H W B AT A Langmuir J7 F2 A
Freundlich 75 2 ; HoR A ki &2 A 1K, ik & A R x)
B AR R 2 e /D | L 38 Pl ) W BEE 41 755 Heenry
ITHE.

3) BERAKIRIEVE 7l 3K —E AL LR
B ATl (%) W B B T 2R AR G — Bl TR T R
Elovich 77 B FIRUH B7 12, H e . 48 & — 35 G
LIRS i 1) W BT BEAS 7R 24 h 3k 3P A7 TS
e | T8 00 by b TN A 5 5 R KT Bt 1 R 5 A A
10 hik ZF-f.
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