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Desorption characteristics and hysteresis of adsorbed cadmium
in calcareous soils on karst area

ZHU Danni Z0U Shengzhang ™" ZHOU Changsong LI Lujuan
(Institute of Karst Geology, Chinese Academy of Geological Sciences/Key Laboratory of Karst Dynamics,

Ministry of Land and Resources & Guanxi Zhuang Autonomous Region, Guilin, 541000, China)

Abstract; Cadmium desorption characteristics and hysteresis by calcareous soils on karst area were
investigated in batch sorption experiments. The results showed that the amount and rate of Cd**
desorption increased with the initial concentration of cadmium and the amount of adsorbed Cd in the
two calcareous soils. The relationship between amount of desorbed Cd** and sorbed Cd** was
significantly quadratic power function. The quantity of Cd** desorbed from the soils after three
desorption runs was small, varying between 4.64% to 28.93% for Brown rendzina, and 2.27% to
10.02% for Rendizina.Obviously the latter had higher retention for Cadmium. Both Cd** desorption
isotherms were adequately described by Linear equation.In particular, there was an apparent sorption-
desorption hysteresis of Cd** in soils. The extent of hysteresis was quantified based on the Freundlich
exponent, the Cd* distribution coefficient,and the differences obtained from sorption and desorption

amount of Cd**. The results revealed that hysteresis indices significantly increased as the amount of
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Cd* in the systems increased.Higher hysteretic degree was obtained for Rendizina.

Keywords ; calcareous soils, Cd**, desorption characteristics, desorption hysteresis.
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1 #ES B ( Materials and methods)

1.1 ARk
AT IR 4 2R AT RSB BT, SRREIREE R 0—30 em; TRERXT G310 H 4. AR50 v 1
e B S0 M # IR DD2005-01 . LY/ 1243-1999 FRuEtA T, + AR S 50035 1.

1 KR HHESH

Table 1 Characteristics of the experimental soils

BT

‘i.%é pH CEC/, 0C/% Ca0/% AlLO3/% TFe,0,/%  Si0,/%
Soil types (emol -kg™) :

ki K £ Brown rendzina 7.60 43.40 2.40 1.12 18.71 9.8 50.64
B £ /K + Rendizina 7.51 74.30 11.80 2.88 18.46 7.72 28.37

1.2 R 5

I EHE CdCl, - 2.5H,0 Fl CaCl,, #2043 Hral, Bl % 0.01 mol - L' CaCl, 2y ¥ 5t L i BT 1
CACL YA , CA* W HAH E 3514 0.5.1.0.,2.0 5.0 ,10.0,25.0 ,50.0 ,100.0 mg- L' 615 55 10 45 45 55 T
RS (ICP) RIS FRIR G 4 BT K F A2 3 s O L, Joh ICP 1 Cd™ S I A R
0.004 mg-L™".
1.3 s

RIGAE LA 3 pH FoE7, IR BEE IR E N 2042 C. HARFE 40 R . FRBGE 10 H KT +
1.00 g T 50 mL #RELLAE AT 20 mL 75 0.01 mol - L' Ca® (SZHFHLf# R CaCl,) B9 CACL ¥ W (75 4l
CA*" ¥ €, /09 K 0.5.1.0.2.0, 5.0, 10.0, 25, 50, 100 mg-L™") ,fHIRIR? (180 r-min~" )24 h JFEUH
L 5000 remin™' B0 10 min, FH0.45 mmPERET U8 _FIEW , IS B PR R SHEEL (1CP) W E 13
W CA*WREE(C)) (1) 5 Cd™ #E 4 I Bt it X (mg-kg™)

X =V, (C,~C,)/W (1)

KA, X Ry X Cd™ IR i (mg - kg™ ), V) A B0 B OB IRAR R (20 mL) , € Ry Cd™ #) I6 V JEE
(mg-L7™"),C MBI ESWh C W (mg- L") , W A+ (g).

B o 5 S i N B0 A R R, I K SR AR B e, AR O R A 20 mL
0.01 mol-L™" Y CaCLI& W, HIR (20£2 °C ) #R7% 24 h Jed# B, 5000 r-min™' &0 10 min, F/H0.45 mm
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TR R, R AR R R S (ICP) 52 I ™ e (C,) R (2) ITHE AR
AR EE T Cd™ 78 2 B 3 i i Y (mg-kg™')
Y=v,C,/ W (2)
K, C AR FIE WO EE (mg - L") 5 V, A WOBAARA (20 mL) s W 2R+ (o) S# ORI A7 423 2P
AR AERAT |3 WA 2 R Cd™ )RR o
DA RS AR 2 UK, @B Originlab 11 EXCEL 414 #E1 740 BT AL 2.
L4 Bahb 2550
LA1 IR - b A5 R 5
A A T Cd* g TR 2R Langmuir , Freundlich I Linear %ﬁﬁ*ﬁiﬁﬁ??ﬂ%L&ngmuir g7 3t -
i g 5 i X e S P O GBS ERY  HD7 ARR
4. =4, bC./ (14+bC,) (3)
K, g, R HEXT 4 JE A R (mg - kg™ ), C IR ROV AV B (mg - L), g, A2 6 R W BT
(mg-kg™") b =5 RTBEA JCRY H AL
Freundlich 1t 725 FH (1) W T -fire e SRS 7Y | St =0
q. =KrCeN (4)
KA N 52 Freundlich J7 e 2280 K,k W B 3 50, 16 88 o e — HARR BE T 8144082 B 510 ) W0 R
PN NFEEUAE T S 1 AR TR R p S AR 2R -5 R R R DG Y RE R R/ INFIEIE X T
Linear 4 ifit W [} -fig m Ass 50 2 =R
q.=k,C, (5)
T e A 5 AR FIBOAR TR 14 43 B0 3R B8 ( Lo kg™ ) ey PRORLASE A, 100 A28 5 A4 61 4 o 14 4 . L 91 e
K, G Wb, A5 124 s Fe Z MR .
142 HEHEEOTE
il R i i A T i 48 BORRAE , o T 3 AR an T
(1) FET W B2 A i e PO A8 8 BT S T A R W i 2 R ST R AT A W S5 2R 1 2 5
AR DA P R 0 - A 5 05 2 A B 0 fp O i ) e R 22 (RR AL IS R 88, = (6) s
Max ( q o(desorp) ~ De(sorp) )
HI=

x100% (6)
qe( sorp)

S, o 1 ey 2 0 S W B 505 250 R 50 28 W A 3 7 - Mo 0 0 TR it (g - kg™ ) 7
Freundlich /7R P IH o S5 MV B C MDA , DRI e 1 S5 2 (1 3 H L - — 7
WRHE O F LTI — 4, 0T LUK (6) SRRt (7) Tt

N.
le[ ”“”’—1}100% (7)
Ndesorp
N FN, 23508 Freundlich W AR 0 255 75 #2169 R4 R 1 A THER i 25 B4R
N ooy T N o I HAB R R IR IS AT AR S LA ABGA I 4R 80 133, =X (8)
Ndes()rp
HI, "N (8)

CI0) A3 R B by ) JR A A 2R 6 e AR 28 0 3 82 FIVBAR VA MR B2 4 LU A 36T Cd™ 7 - 438 [ 4
FIZK VA W ] 1) 43T R B ¥ P O B R )
kd( desorp) _kd( sorp)

k d(desorp)

R sl b PRI G BRI R R R A
( I') #34% Huang AU U R R EOh

_ ‘qe(desorp) _qe(sorp) ‘

HI, = x100% (9)

HI, (10)

qe(sorp) T.C,
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L
&

SR T C AN IR — R R 0 T R T W FE 5 oo T g 43 B R A BRI B 32 50
b HUSE T C, 4 P T AR P Bt o0 6 7 -+ ST OB 10 B P T R
AR R I FOSAR ) ML R U0 B R L A, AL

2 5L 59798 (Results and discussion)
2.1 A RAYE SRR Cd* AR R
20,1 fER a5 R B R b Cd* R B R DG OG R

C*" AT WA -3 v B4 e IR A S 5 R R i 7 5 DA 5, Sy S 40 3 A 18 5 0 R 1999 5% 3%, AR SOk
C®* BB VR B Bt A T — IR PO 5 R AR ], — U RO e L5 0 7

B A K+ Y=7x10"X*+0.045X+0.1989 (R*=0.9995) (11)
MK L Y=2x107X>+0.0224X+0.1917  (R*=0.9991) (12)

Yy Cd™ RS (mg-kg™) , X AU Cd™ AU B (mg-kg ™).

Bl 1 2y Cd™ A B A S 28 =20 i W 1) Sl ffk OB LA B R By C™ o B2 A 2 fth 2k, T L fe
WSk A Bk R )y Cd™ B2 ST 8 00 % (10) A (12) D5 R 45 Cd™ FE v IRV 18 b g fie i
(3 2), PIRPAOINE 5 ™ BFRICR Y BERIAG Cd™ e S5 A3 i 722 i 4 K, ELAE ) B Cd™ R
100 mg - L™ I it W A5 (AR AR R R0 AR ™ W BE T A (A K 1 i W R W o T AR K b AE A
e B L A A A K R AN SR A K ORISR 52 531 4.64%—28.93% Fl 2.27%—10.02% . AE[F] —
BEHEET A A K B e AR e R O K (B 1) BRI fE WD B Cd™ ok BEARAIG WAL B e /N
TROLT A (A0 R i O W oy PR 0 K 5 B BT R PR ﬁ ROAR L Cd™ i i 22
SEPNEIRC X PRI K -, S A K BAT e A B RIBR R AT 7, 7 e Bt A R Il s 4 fE R
APPE 22 A A LS 5 A R ER 45 5 A4, DT ol 4 Bt B 1 Cdz*EX’&HﬁW PRI B AT JR B v Cd™* i
Mk RSl R N TR A K L
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Fig.1 Relationship between the cumulative amount of desorbed Cd** and

the amount of adsorbed Cd**(a) .the Cd** initial concentration (b)

F2 A AT HRMEL T B R %

Table 2 Percentage of cumulative desorbed Cd** in calcareous soils/%

435 WIth CA* W) the Cd** initial concentration/ (mg-L™")

Soils 0.5 1 2 5 10 25 50 100
F# .17 K 1 Brown rendzina 4.64 4.78 5.05 5.87 7.18 11.27 17.70 28.93
(.77 JK 1 Rendizina 2.27 2.32 2.40 2.64 3.34 422 6.18 10.02
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T4 B B T AE IR RIURE T %) IR BRF AT 43 Shy A W o A e O S (A L S VA A S A e g
B 17T 45 b B A BRO0 5 T S R AR T 48 AT 4558 FTIR A0 A 36 B, ¢ A K 5 2 s Ak 24 3
TE A5 A BRI A 5 3 S P R RIS SR IR AP R R AR A 2 Bl K A A
W I S I A B R s S0 R CA™ R T 0.5 mg- L' 19K 200 £ % 100 mg- L' I A5 04 K +
IR R A PR AR SR IE A B00 SIA R 6.23 1 4.41. 53 41, 25 A A 0 A IR - 0 BB AL 7 J 4 P i i S5 ]
1A RNE TR YRR N 3.46%—19.48% , A1 K - HEXT Cd™ ff W RE 14855 . W] UL 45 X A1 KT
- 4ExF Cd® A R DAl I B R
2.1.2 MR SRR EN C R

F3HNM T 3 U Cd™ BRI W 15 R0 AT I . 3 YR SR R v Cd™ R A Y
AR AR TR IR Cd™ e BE R3S IR I, e A KM -3 Ca™ A Re e MO B BB T 35,
W R ™ P AT MR 8, 3 U A IR AS A2 L 3k )L e Rl PR AL A5 3 B 2, ZE SR R R R Cd™ R 231 BT Y
PR R A A 55 RS 2 B — ORI = R A W v, LR R A Rl — R 5T Azeez 51
1 Hamidpou 45 PRI F 2 WA B fige WL 6 I 5 0 P A1 R P B8 I T O /L, A R 5 A R A X AT fE S
R BRI S AN R A G

ARG S5 FA VLR T 5% X T BEAFETE 1) — P Ts Yo 8. 24 3 00 Hh B 05 Y i, SE /K I Bl
R KL T, F85 Cd™ S W E R - SOK I sl T 7K 3517 -3 R sl T K s B 4 i
BRI AR TG G T KA A PR T, D) 538 rh il W B9 Cd® A 282 038 B A BB FLIK 2 s £ 25 3 A
H R K B R AR TS Y.

R3O RICBEAR UYL L

Table 3 Relationship between the amount of desorbed Cd** and successive desorption steps

AR i B AR AR
Co/ Desorption quantity in Brown rendzina/( mg-kg™') Desorption quantity in Rendizina/ (mg-kg™')
(mg-171) D, D, D, D, D, D, D, D,
0.5 0.67 0.29 0.16 1.11 1.32 1.22 0.10 2.64
1 0.31 0.22 0.20 0.73 0.36 0.41 0.13 0.90
2 0.44 0.34 0.42 1.20 0.34 0.57 0.32 1.22
1.01 1.13 1.29 3.43 0.39 0.82 0.53 1.740
10 4.69 5.16 6.28 16.12 0.66 1.22 0.96 2.84
25 10.26 12.47 12.43 35.15 3.40 7.36 6.45 17.80
50 33.51 37.18 35.01 105.70 11.73 17.75 17.38 46.86
100 90.98 107.62 92.07 290.67 29.58 54.59 52.10 136.27
1:D, D, Dy D AR — | SR SR fE T Note: D, ,D,, D5, Dy are first, second, third time desorption quantity and the

cumulative desorption quantity respectively.

2.1.3  Cd* iR SR & S8k 4B

-4 T 4 A A A AR LA BB A AR S IR BN, HE R Cd™ kA K TR RV A R
P 2 7R A A - S Cd™ il B R TR S5 TR, T DL I Ay 1 - 39 R ™ i T i £ G AR R R AR
I, Y5 BE A v B A 1 S AR L P B K A I S TR 26 5 Freundlich A7 | Langmuir 527 | Linear 155 % iF
TG, PIE S RN 4 R 45 5B |, Freundlich FE8UHT Linear £ BYUGHRE (@44 K+ Cd>* il W 55
TR LA B s AHOE R 90 0.94405 F110.97718 5 B AD A7 JK X Cd>* il W 259 28 {0 5 Linear ¢
T EAT WA R (r=0.98576) X VLI XY Cd> 757 JRPE 38 b B 97 28 B e DU A R e R

R4 RWAERLIG SR

Table 4 Model parameters for the desorption isotherms

- e Freundlich model Langmuir model Linear model
Soil types IgK; N r b T r kq r
B0 47 K £ Brown rendzina 276981  0.83112  0.94405*  0.2344 3333.3  0.44163 381.5  0.97718*
B K+ Rendizina 3.07677  0.88439  0.77469* -0.4663 —1111.1 -0.14833  1288.5  0.98576 "

. # P<0.01.



1412 woom o % 354
a b

~—~ 1800 — L

DN - z 2000 °

< 4 o s

’é" 1500 [ ;ﬂ

3 = 1500

53 R 3

Jg 1200 _dé

3 , 2

S oo0f A = 1000 s

8 —a— IR [t Adsorption ) 4 —e— I Adsorption

S 600F / --u-- fi#f Desorption % --&- i1 Desorption

£ . = S00|

g 300 g

< £

< <
P S Y R T S R S B 0 R R T S R
0 2 4 6 8 10 12 14 0 0.5 1.0 1.5 2.0 25 3.0

Equilibrium concentration/(mg-L™") Equilibrium concentration/(mg-L™")

B2 Cd” 7Efrafr KA (a) AR AATIR A (b) r it s B i s 26 U ath 2%

Fig.2 Adsorption-desorption isotherms of Cd**in Brown rendzina (a) and Rendizina (b)

2.2 A RYE SRR Cd* i I S 80N
Vit Jo G S W A W A IR RN G e, LA A A 2R DTVE AR T L 4B 5 1 3 Ok 25 & L)
B () AR AR AR S TR i A 3L |+ LA T S B 7N 2 A U A R B AR
JEE SR firk L 5 R 5 R 08 B v, T A G ) 48 P L 5 0 22 3 AT v 25 VAL B 5 30 8% 1T 1 2
SEAT, WA IS T B SR IR AR R T — 2 AU G IR - R SRR, P I R O LA A
PR IR+ B AR I Freundlich REL N, 433124 0.73 1 0.81 AR i f# Freundlich 5

BN, 5301 0.83 F10.88, FT LA ST Freundlich 3 AW 5 4640 HI, 23 514 1.14 A 1.10.HI {H )
KT 1B N, >N, , 2 WA . PRI T S5 BB Y 52 BRF A AN T 3 1 35 S 5 50 HT B0 | D0 % By

i3 AR B FRAS ) WG 68 75) 2 AT gt R BEE 0 R R A A T PR %S LA € - AR AR 1Y HIL (B
AL, PR b T R B Co® S AR I 3X SR SC Cd™ T8 P R £ B 358 o (4 i W Rr VAR W)
J5 FRHOTT ST C™* 55 MR A 590 60 P 2 25 5 T A AN T 3l R 00 R WA R S, i W0 2 2 B 5 114
I AL RESR T T I I3 5 - SOk Fe T 25 G Re ™, DTAT 1 B Wi s 42,

PRt A Kt A AR PR IR R A A % I 2R UL ] 3.

a ’ b
5000 % '
| .

~
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Fig.3 Relationship between Cd distribution coefficient and equilibrium Cd concentration

in Brown rendzina (a) and Rendizina(b)

PRI A S 1) 7 T 2R AR i B2 1) il e A A AR TR ARALL , SR 0% B - e B2 14 48 o v e
A oy TELTEARR V007 0 JBE A7 A — (L, R TP A e P8 IR b R T 0T G ™ HAT T v 9 25 1 ).
Fe g oy TEL AT/ NI TR R P S T VR 2 A AR D [ It e B 1 3 vh € AR SR P M A T
OGBSI Ky gy TEL A AR L W 0 T W RO 7 00 £ 53 TR R e,y - 8 WA I U 2R B
HI WL 547 KR -3 Cd™ i S 8BRS, HIL 7 — N0/ N e BE S 1R 9 R B B Cd™ B8 e B2 484
TG B, WA B - S v e W B Cd®* 8 g MR X B T AT 5 B ™ S 280 A ) T8, L, M 22 Bk
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NSRS IR RS C™ A B 52 PR . K T -5 W RS -t MR AL B 0 e AR AT G G TR Nk FE AR, €™ 1
26 4l ISR T 1R BRI M A, I IR BT % Cd ™ AT M AR BN 7T 395 ; i v T R B 57 A5 P 2L
Cd** HAE SIRAEME B LR 45, MR BT — € AT e B 8. AR 23 O Cd™ 9k B2, IUHCOT 4R 45 4 JK
PP BRIRER L I CACOTTTE , 1B R Eh 45 53 AS R TE R ML A5 1R T 28V ik S 10 T B JBC W B ) €™
Bradl** {545 H7EAR Cd™ W BE A7 B 38X Ca™ i W B LA 8 S8 eV T O 2 T v €™ VAR o D 1),
UUVENE F 2 bl ARG vh 7 Cd™ BN BE R i e, Cd™ AN 5 g i

HIZR 5 W1 B RIS Cd™ W BZ RSN, #2450 HIL R P L B 1 R 4 H (EDBOAS , DUt A i )
R B A Cd® RO IBE R Cd YR BER AR, DI HEAR BETREL /I, DT by 9 22 9 LA P A e 45
P2 B Cd™ S BB s SRTAT Y Cd™ W B0 IR, 58 e 1)k JBE 2 5 Al 1 B 22 1) Cd™ kA 1 s i T 28
WL RE T I LE R 23 B A C>* AR AR IR BN - U AP BV R

x5 ETEECHIL A HI,
Table 5 Hysteresis indexes HI, and HI,

Co/ ¥ A A JK £ Brown rendzina B A5 A K+ Rendizina
(mg-L7) HI, /% HI, /% HI,/% HL,/%
1 32.17 1.12 65.98 1.09
2 40.97 1.02 30.06 0.82
5 58.54 1.02 71.91 0.42
10 52.59 0.39 40.65 0.24
25 37.24 2.15 18.34 0.85
50 34.72 3.79 20.42 1.18
100 58.69 5.99 35.06 1.89

5 b, Cd™ FEAT RN 3 v ) A A A W A8 RO, A IR LA B Y pHL (AR R B %
AP &, W] 5 Cd™ 45 G TE BOMEAR I 14 P9 RETRE & W RNBR IR SR ULUE 2, 2 Cd™ 78 A1 R 138 v i fi
M e 280 5 93 A, AER R BN ™ R BEI , YR 229 B E AR G S 22 1) Cd™ R A 28 b 2 I T aflf
W, 5% R S 8 R I )

2.3 il JE AN /7K YR IR

55 TT AR I A P R WSS S S50 AT 5 T i B, A a0 8 T b A D R (B IR AR
AR ) HAT R R R )it IR R A, #4700 B A R SR Ca™ AL AR 5
AR X Cd® BAT R W R, — LB U5 X A 0. 2 22 A IR 2 B G Cd™ Y
TSYRIN;, T X G A TR FHASC: | 7026 P ] A AS 208 24 3t 3t T 7K 38 i 75 % AELAE TR /K S i v
WRIEBIFE IR, #00 Cd™* W kA 38 FLIR K 5 Bl T K5 B8 b T, 4 e S0 A= v 3 20 Bl e % )
Cd™ 7 AR 7K, I TTFEAR T AL BK i Cd™ e BE YLK iy ™ YR BE B i N K2 ), W RS-
WP DU [ gy T AT B SR 2 OB 219 Cd™ 3 AL R K. 55 4h B R #R 45 G A8 1Y Cd™ XA URR
PR, VR pH O8N SEAp BT 00 B 2 S U2 5 YW (0 i | R T AR AR A MR UK, BT
X 3 7K G PR AR e B 1 AP 75 e 2 A TG R A U DX 2 T I U R, AR R R Y CO,
A AL ST X A0 T B R A UTTE BT A7 , IR A IR - S R W B Cd™ A g ik

3 4512 ( Conclusion)

(AR CA> WA BEFMIT Cd™ W R I £ R -3 e G fige Wi ik AR W3 450/ | I 6 400 e e 2
TRTIURZ T PO 00T, G F1 e WAL 5 R e AL 23 D A 0 5 ™ R e R o 2 A 408 328 0 U eRBOC 2R A
JRAE - HEXT CA™ W RE 1555 , IR N 3.46%—19.48%. Hoh kit A4 K £ Cd™ fift e % iy Hh A e
AR 2 A5 A X AT BB T 3R (A K b PO AR (A R b BA S B A LB AN R B 5 . — 2D I S
e C™ AR AR 2, R IR X AT IR vy Cd (YR P 50 B B 0 5. 7 R - A 5 5 3 2 P A 7 40,
#H, Linear Fll Freundiich 75 2 X BEARSF # FA A7 (5 A0 K 1% Cd* A5 A i e s PR (A K B3 €



1414 B2 5% 1k

g3

35 %

(A I S TRAL A A4S Linear B I F AL R,

(2) B K AR AT K - rf CA™ (Y figt W A7 A8 B S O e BR G 0 0 Cd™ ok B2 R (- s
C** A T BT R ) Ut R /5 R B A 38, Cd™ BN g DA A R B i 3 R % €547 R e vy i /5
BEmS i TR A K A, S P R IR R E AR &

5 % 3L ik ( References)

[ 1] GHRAIR A M, INGWERSEN J, STRECK T. Immobilization of heavy metals in soils amended by nanoparticulate zeolitic tuff; Sorption-
desorption of cadmium[ J]. J Plant Nutr Soil Sci, 2010, 173 852-860.

[ 2] SWIFT RS, MCLAREN R G. Micronutrient adsorption by soils and soil colloids[ J]. Interactions at the soil colloid-soil solution interface ,
1991,190: 257-292.

(37 BEIR, i, 5875, %754 3 Sn Hg SbBi ff#W3h 1Rtk RUBFFE [ 1] 4 B 58,2008, 17(2) : 627-630.
CHEN S, SUN L N, CHAO L, et al. The desorption“netics character of Sn,Hg,Sbh and Bi in polluted soils[ J]. Ecology and Environment
2008,17(2) ; 627-630(in Chinese) .

[ 4] SR, R 2. T4 R TE A L AR O K L AR AT O LR 1] BRI, 2006,27(5) ¢ 1013-1019.
GUO G L, ZHOU Q X. Comparison on desorptive behavior of cadmium in rendizina and brown rendzina[ J | .Environmental Science 2006,
27(5) : 1013-1019(in Chinese) .

[ 5] HAMIDPOURA M, KALBASI M, AFYUNI M, et al. Sorption hysteresis of Cd( I ) and Pb( Il ) on natural zeolite and bentonite[ J ].
Journal of Hazardous Materials, 2010, 181 686-691.

[ 6] MAL, SOUTHWICK L. M, WILLIS G H, et al. Hysteresis characteristics of atrazine adsorption-desorption by a Sharkey soil[ J]. Weed
Sci, 1993,41. 627-633.

[ 7] BARRIUSO E, LAIRD D A, KOSKINEN W C, et al. Atrazine desorption from smectites[ J]. Soil Sci Soc Am J, 1994,58. 1632-1638.

[ 8] O'CONNOR G A, WIERENGA P J, CHENG H H, et al. Movement of 2,4 ,5-T through large soil columns[ J]. Soil Sci, 1980,130(3) :
157-162.

[ 9] MEHRAN S, MAHMOUD K, HOSEIN S, et al. Sorption-desorption of cadmium in aqueous palygorskite, sepiolite, and calcite
suspensions: Isotherm hysteresis[ J]. Chemosphere, 2006, 65: 2178-2184.

[10] YELIZ A, UNSAL A, YESIM S A. Equilibrium, hysteresis and kinetics of cadmium desorption from sodium-feldspar using rhamnolipid
biosurfactant[ J]. Environmental Technology, 2012,33(16) : 1857-1868.

[11] HUANG W L, YU H, WEBER W J. Hysteresis in the sorption and desorption of hydrophobic organic contaminants by soils and sediments.
1.A comparative analysis of experimental protocols[ J]. Journal of Contaminant Hydrology, 1998,31:129-148.

[12] HUANG W L, WEBER W J. A distributed reactivity model for sorption by soils and sediments. 10. Relationships between desorption,
hysteresis, and the chemical characteristics of organic domains[ J]. Environ Sci Technol, 1997,31(9) : 2562-2569.

[13] il BT B, BHUR, A5 ARG I DS ) R A < Jad s i 25 2 A B A WA T [ )] FR B4k, 2010,29(2) :210-214.
XU J, HOU W G, TAI P D, et al. Speciation distribution and desorption of lead adsorded on meadow brown soil in northeastern sewage
irrigation district of China[ J]. Environment Chemistry,2010,29(2) ;:210-214(in Chinese).

[14]  BHUF  SRAESC, BRI A5 R AR IR F 0 T ek Cd IRAFTEZS I3 [ )] BRI 44,2013 ,32( 1) :2044-2049.
YI R H, ZHANG J W, CHEN M, et al. Effect of char-lime system on the speciation of cadmium in the soil[ J]. Environment Chemistry,
2013,32(11) ;2044-2049(in Chinese) .

[15] AZEEZ ] O, OBANLA S O, 0JO A O, et al. Cadmium sorption and desorption characteristics of tropical alfisols from different land uses
[J]. Communications in Soil Science and Plant Analysis, 2010,41; 108-121.

[16] HAMIDPOUR M, AFYUNI M, KALBASI M, et al. Mobility and plant-availability of Cd( I ) and Pb( Il ) adsorbed on zeolite and
bentonite[ J]. Applied Clay Science, 2010,48; 342-348.

[17] SANDER M, LU Y F, PIGNATELLO J J. A thermodynamically based method to quantify true sorption hysteresis[ J]. J Environ Qual,
2005,34: 1063-1072.

[18] CHEFFTZ B, BILKIS Y I, POLUBESOVA T. Sorption-desorption behavior of triazine and phenylurea herbicides in Kishon river sediments
[J]. Water Research, 2004,38. 4383-4394.

[19] APPEL C, MA L. Concentration, pH, and surface charge effects on cadmium and lead sorption in three tropical soils[ J]. J Environ Qual,
2002,31: 581-589.

[20] BRADL H B. Adsorption of heavy metal ions on soils and soils constituents[ J]. Journal of Colloid and Interface Science, 2004,277; 1-18.

[21] FE&5t, BRI, 25 GTE g PR i 10 B8 1 FR AR AR AT SRR DFFE [ T ] LR AR ,2013,41(25) : 10290-10293.
WANG J G, LYU J L, LI Z R. Study on energy characteristics and hysteresis effect of cadmium in soils[ J]. Journal of Anhui Agri Sci,
2013,41(25) : 10290 -10293(in Chinese).

[22] 24 %o i 4 s 8 3 1 WAL R e B e B FE AL B S DL ST [ D ] AN - TR 2 TR 2 Be i 240383, 2009.
LI Z Z. Adsorption-desorption characteristics and migration repair mechanism of heavy metal ions on soils[ D]. Hangzhou: College of Civil

Engineering and Architecture , Zhejiang University Ph.D. Thesis,2009(in Chinese) .



