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Abstract; A hydroponic experiment was conducted to investigate the cation exchanges during the process of Cd** absorption by Alfalfa
in aqueous solution. The absorption efficiency of Alfalfa plants with 0-10 mg-L ™' Cd** treatments,changes of Na* ,K* Mg’*, Ca’*
and NH," concentration, and the variation of pH values at different absorption time(0, 1, 2, 4, 8, 12, 24 and 72 h) were studied
separately. The multiple linear regressions between Cd’" absorption and cation variation were analyzed. The results indicated that when
Cd** concentrations were 0.1, 1, 5, 10 mg-L’I ,the absorption efficiencies of cd®* by Alfalfa after 72 h were 85.86% , 52.14% ,
15.97% and 7.81% . Cation exchange was involved in the removal of Cd** by Alfalfa in aqueous solution. Except for NH, , the
concentrations of cationic metals Na* ;K* Mg" " and Ca’" in aqueous solution increased over time , which increased 11.30% -61. 72% ,
21.44% -98.73% , 24.09% -48.90% and 37.04% -191. 96% ,respectively. Kinetic studies illuminated that the release of Na® K" ,
Mg’ " and Ca’" by Alfalfa in Cd*" solution with initial concentrations of 0, 0.1, 1, 5, 10 mg-L™" best fitted pseudo-second-order
equation, while the NH,' release fitted this model when Cd** concentrations were 1, 5, 10 mg+L™". The gradual decrease of pH during
adsorption of Cd** by Alfalfa was observed. As the competition ion of Cd** ,H* might affect the capacity of Alfalfa root system to absorb
Cd** . The ternary linear equation results demonstrated that the content of Cd** absorption by Alfalfa strongly related with the release of
Ca’" ,Mg’* ,Na". And this exchange mainly occurred among Cd* " and divalent cations.

Key words:Alfalfa; Cd*" ; cation exchange; kinetics; multiple linear regression

LAV B 20K AT A RO TR I IR 500 ) S G, A M 052
B KR 3 035 R AR T 2 T s R MUBR 0 LA |4 98 00 8% X [y 41
LRSS AR 6 8 KR TG B F AR 36T T R SRR BB PR B DS Sk T
HOHERSPEL R E KRR R R R B T B B (CEC) 0 %
SIRPIAEE T K, BRI M e —————

SRR EC A B T A BRI S u 1 oA F L A 4 1 0933002)
RO B T TR, 2 RRE LR (I EEIOIONT o) 0 LI 33073 0K

R AR 28 10400 o A 40 A3 . TR 0, Ik e 4 VB oA * MR A, E-mail: thyin@ jnu. edu. en



3342 78 15

&) % 32 %

1 XA BB TS T 4 A 5% R B ST M B
Z . AWEST LK BT B Bl 2R R SR A A e TR
2 5 FLR K A T 4 B Cd® T IR WA AT DA R
W FE b R R A B 1 0 AR AR pH AR AR, IR
SEERAEE X CA® T R B B T AR A AR AL L
9 0 R A8 S e e R AL AR AE 9 R 41 S B £ A

1 MRSk

1.1 SEi MRl
1.1.1 W

R N 2 E LT RO R
(Medicago sativa L. ) , i B4 55 N0, 08 B T I 17 4R
M R2E T ST B Bl T
1.1.2 fh2Ef

W Cmal, 8 E 2R AR A A,
WHE IR (gl , Shme (Rgkal) , 2288 7K, ARk
FI Ry oy v 4k

i ity % LA v R R B A S Sl TR e N, A 2%
B KRR, Cd® VR E R 1 mg- L.
1.2 S5 75k
12,1 AR5

BT 2 10% H,0, %W W % 10 min
Jei, FHXZE K PR 12 Fh 4 b, P56 A% 22 1E T Ry 97
R FR25°C N JREG i ZE. Sl i R R AR R L
TG S A L 58 JE Hoagland B R H 111, 1 A
2 JJE A S Ae A 4 BT o8 % MR R I T sk
oYK EANHE Y (28 + 2)C, &l A (24
+ 2)C G E A K 14 b, O SR B2 45 000 ~
6 500 Ix.
1.2.2 KIS

1 Ak 25 002 EE 9 N 258 K R A AR ) B
RURPESY M N :0,0.1,1,5,10 mg-L™" Jz¥H1%)
5,8 45 4 300 mL, Ll HCI & NH,OH %% pH %
6.5 +0.3. BEFEAEK R I H K3 —BUr Ak, 35k
T AR R G AE LB T K R 10 min, AT 9E 400 T
R K Sy HOE TR E AT R TR,
AUAL R AT AR R, 2 T 0. 1,2, 4,
8, 12,24 48 72 h g /KMAEFH pH, F& =LK
PHE 7 & &, AN B 3 A FAT.

S T T A SR AR WLAEVE R T S B R
TR YE 3 WK, I LU AR DS T %
1.3 Ff i ab 38R0 2 by
13,1 JKHE oh 4 1l il

B 1 mL /KK 3% # fid 18 2 2% 28 10 mL 5,

FH R 1 RO 23 6 06 B 1 (AA-7000 5 3 it -1 It
o e BETE , HA Byt ) Wl sE Cd* " K.
1.3.2 JKFEr pH 52

pH R IR A2 I € AP 5 (4 STAR i 465 5K 1R
5 W 5 A, 56 [ By e s W] )
1.3.3  JKFE BB 7 1l g

W1 mL KA 28 7K ER G, R 1 (60
X (1CS-900, 36 [H 8% 2 22 7)) A3l Li® | Na® | NH, |
K*. Mg2+ L Ca’t 2 [H B Tk . Ll DionexlonPac®
CSI2A (4 mm x250 mm) A Bl &5 2> H A, i sh A A
1.6 mmol -~ H,S0,,#i# 1.0 mL-min ™", 3 BFEAA R
% 20 wl.
1.3.4 o db 3R 93 H

SCr R S 3 AP AT RE P B, R T Origin
7.5 Bl A B A S SPSS 13,0 GE vk B HEAT Bl
LSRR

2 #iRkbiig

2.1 AN [ WE A IR () BT 5 7 11 2 A R A

HIP 1 af g, B I ) RS, 0 ~ 12 h I 4848
B AR R i Cd® T W R R K, 12 ~ 72 h
It WS WA AT T B, (EL R AR AT A B8 I, 2 W 4
A Cd™ " AR W I — AN S bR R Bl A
Wit Cd* " ¥R R K, &K R AE 72 h B Cd® " IR
235k 0.086 . 0.230, 0.591 F10. 666 mg-L",%ﬁL{&
KAy 5 5] 85.86% | 52.14% | 15.97% F1 7. 81%
YW LER R CA T WK ZEAE O ~ 1 mg- L™ HF &6 1
T X Cd® " A7 B B AR W R B CdPT IR
BK (5 ~10 mg-L™") W e 2 5 A7 BT ok 95

B 2 (a) Al 50, X BEAR R B S B0 4R & rp Na ™ 9K
B AR AL B — o R, 7E 0 ~ 12 h P8 |
T, 76 12 h A FIWEAE , 12 ~72 h JL-F- S Bt 15 [ 17
Ak, B S B Na ™ o B2 39 iR 2.

RRF KT Mg®" | Ca’ " WREA MRS Na
R, AL ARTE 22 5, 45 R 2(b) ~2(d) . 4k
R KT Mg® | Ca’ WKRFEAE 4 h It ik B e,
4 h UL R L T W AR Ak, RO TE R R I
K* | Mg** | Ca’" fid F2 15 Na ™ B JOA L A — A b
W3 5 Zheng %5V REST R B, K B 4 1R K
WA H KR Cu® " I 0 AR R M S 4k R b Ca®
Y 5 35 2 UL M S KR P BRI AR A R, G’ Ak
b Ca® WE K TR AR R, B Ca® %A 51
17 Py I TR LT Cou® R R MR 8 ()

[f] — IR JE) 0 5 AN i) €A™ 9 B 4k & 4 Fh 42 J B



11 3] 2 BRG 55 < SR A6 WROBOK R Cd R 0 B B AT 3343

100

—=— 0.1 mgL™!

CA™ IR B3R /%

0 10 20 30 40 50 60 70 80
th

P1 AN [R5 B 3 LT VR A B I D ) A2 A
Fig. 1  Variation of absorption rate with time under

different Cd>* concentrations
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Fig.2  Variation of cation concentration with absorption time
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Table 1  Fitting parameters of the kinetic models
N cd?t W =25 )y i i Iy Elovich J5 £ Power-function J5 ¢
B W/ [/qlzl/(kqﬂz) +1/q, q/:a+b);l/2 q, =a +blnt Ing, =a + blnt
e g
mg-L k q. r a b r a b r a b r
0 9.575 0.964 0.997** 0.077 0.007 0.513~° 0.066 0.017 0.744* -2.773 0.205 0.780"
0.1 6.578 0.804 0.997"* 0.103 0.008 0.497" 0.089 0.020 0.739° -2.484 0.189 0.751"
Na ™ 1 5.773  0.743  0.997"* 0.110  0.007 0.410 " 0.094 0.020 0.663° -2.526 0.217 0.658"
5 10. 037 0.170  0.999 "~ 0.111 0.010 0.581" 0.097 0. 024 0.791°" -2.414 0.210 0.768 "
10 4.694  0.117 0.998"* 0.067 0.007 0.866"° 0.065 0.012 0.917"* -2.708 0.137 0.924" "
0 20.533  0.106  0.999** 0.065 0.008 0.440" 0.049  0.021 0.672" -4.075 0.637 0. 664 "
0.1 8.605 0.142 0.999" " 0.066 0.013 0.597* 0.049 0.030 0.800" -3.561 0.529 0.743 "
K* 1 1.099 0.193 0.972** 0.106 0.012  0.466" 0.075 0.032 0.639° -3.135 0.441 0.637"
5 5.178 0.117 1.000"*  0.051 0.010  0.660 " 0.042  0.021 0.830" " -3.731 0.498 0.707 "
10 10.687  0.193 1.000"* 0.149 0.007  0.586" 0.140 0.016 0.774° -1.979 0.102 0.775*
0 8.605 0.022 1.000"* 0.019 0.001 0.373" 0.017 0.002 0.610° -4.102 0.103 0.628"
0.1 44.983 0.027 1.000"* 0.019 0.001 0.582" 0.017  0.003 0.774* -4.147 0.171 0.740 "
Mg?* 1 34.825 0.029 1.000** 0.019 0.002 0.621° 0.017 0.004 0.804" -4.139 0.187 0.769 "
5 73.813  0.031 1.000"* 0.025 0.001 0.551" 0.024 0.002 0.713 -3.756 0.082 0.694 "
10 63.160  0.032 1.000"* 0.028  0.001 0.619 " 0.027 0.002 0.812"" -3.628 0.059 0.798"
0 9.178 0.080 1.000"* 0.049 0.004 0.714~ 0.045 0.009 0.869" " -3.122 0.167 0.833""
0.1 6. 781 0.109 0.999** 0.056 0.008  0.637" 0.046  0.019 0.826"" -3.169 0.298 0.814" "
Ca** 1 4.002 0.147 0.998" " 0.075 0.011 0.579 " 0. 061 0.026 0.767 " -2.956 0.322 0.774 "
5 3.033  0.166 0.997** 0.078 0.014 0.613~ 0.061 0.032 0.807" -2.997 0.376 0.800"
10 6.096 0.161 0.991"* 0.142  0.003 0.329" 0.135 0.009 0.535*% -2.038 0.073 0.550"
0 -1.746  0.050 0.755" -0.102 0.021 0.739* 0.096  0.033 0.662" — — —
0.1 -0.991 0.060 0.766" -0.073 0.019 0.841** 0.068 0.029 0.748" — — —
NH, 1 -3.783 0.037 0.937** -0.107 0.019 0.817"*" 0.104 0.032 0.759° - - —
5 -1.471 0.073  0.874"* -0.073 0.018 0.825* " 0.062 0. 026 0.668 " — — -
10 -2.312  0.056 0.939°* -0.076 0.016  0.687" 0.063  0.021 0.510" — — —
1) = ZAKAE0.05 AT L WHEMN; » = ZRLKAEO0.01 KT L WEMK, TR
AR S5 R X T NH AR A4 7.25
- wo, 24 4 2 -1 \ —a— OmgL” v—SmgL”
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Fig.3  Variation of pH values with absorption time

under different Cd** concentrations
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Table 2 Correlation coefficients between cation and Cd**

TiH Na* NH, K* Mg®* Ca®* H*
e " - KR 0.294 0.159 0.540 " " 0.617* " 0.754% ¢ 0.374
? ﬁ?j T 4:" Sig. (2-tailed) 0. 128 0.418 0. 003 0. 000 0. 000 0. 002
TR RN T
n 28 28 28 28 28 28
R LIPS 0.686" " 0.296 0.743" " 0.906 " * 0.929 "~ 0.833" "
¢ Mt’% Vi;ﬁ]‘ Sig. (2-tailed) 0. 000 0. 063 0. 000 0. 000 0. 000 0. 000
J5U I v ST AR
28 28 28 28 28 28
1) # s fF 0. 01 /KT b 8 3 AH 6
\se )
Y =,8(132+X(:u2+ +ﬁMg2+XMgl+ +ﬁNd+XNa+ +BK+XK+ + K4 TrEG
Table 4 ANOVA analysis
IBNH4+XNH4+ + By-Xy + (1) P
- S 2 s A S % N ] WH T < MS F Sig.
ALY o Cd™ T AR B B AL S 4 X, Ol B Al dr ®

BB 7 Asfb &, i Ca®", Mg, Na'| K",
NH, \ H' 5 o A BRAEA h i 5 (1 6 AN AR 5 2 4K
HARMRFMAEEX Y (0.
3.2 BIASH

¥ ¥ 4 N SPSS 13.0, L Ca®* | Mg®* 3% H 3t
5| (Enter) ,Na* . K" | NH,” ., H" R & & [A]
V7% ( Stepwise ) X i N B3 it 47 %2 5 £k 1 1R A 4
B, HEXT L B I 2 A A e 1 B A sk 3 ~
5 i k.

£3 BRI AY

Table 3 Summary of model parameters

Ko MR e 7% W Al V18 1
~ R R? R? Fr R 2
e AT
R L) 0. 906 0. 821 0.798  0.000 78
TG B0 (2 1 1Rl A
S ) 0.982 0. 964 0.960  0.000 77

1) A i Ca® Mg®* \Na®, A . Cd*T

3.3 BEAL AL
LRAT I8, I 58 TO W HOWUR Sk [ A 2 s v

S (4 SSwy 0.000 3 0.000 36.596 0.000
PE[E 4 AR E SSgs 0.000 24 0. 000
R R SSy  0.000 27
TR E (% SSmyr 0.000 3 0. 000 223.907 0. 000
P[] U@ i SSgs  0.000 25 0. 000
JR ki) SS,  0.000 28

1) B As & . Ca®* Mg®* Na®, RIAFH.Cd**

X5 AV

Table 5 Summary of coefficients

A b kAL B kAL 7]
g I H EEEY i HARK ¢ Sig.

B bRAELR Beta
#HC 0.000  0.000 0.834 0.412
SRR (4 Mg 3.743 1260 0.318 2.971 0.007
PEM A Ca 1,178 0.194 0.648 6.062 0.000
g R Na 0.650 0.124 0.461 5.234 0.000
LB (L% Mg 4.202  1.126 0.298 3.731 0.001

PEW )@ Ca 1.230  0.182 0.532  6.743 0.000
J R Na 0.704 0.105 0.292 6.684 0.000

1) i A& 5 . Ca®* Mg®* Na* A . Cd**

E - JAEVEWIREE
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Y =0.532X,.. +0.298X,,. +0.292X,,. +0X,. + Y =1.343X .. +2.891X,.. + 1.039X,,, +
0Xyy,. +0X,. (3) 0X. +0XNH4+ + 00X, (4)
% ¥ 5 & % (Multiple R) 24 0.982, R* (R Y =1.832X.,. +4.398X,,. +0.613X .. +
Square) A 0.964 ,1& IF [f] #| & & # R* ( Adjusted R 0X, . +0Xy,,. +0X,. (5)
S 77 0.960, {1 b 1% 2 (Std. f
quare) % L% (S error o 002 2 Y 20,850, 4
the estimate, B 38 4 #5 #E 22 ) 40.000 77, i & 46
TSN . . 0X. +0Xy, .+ +0X,. 6
I F Giil s A 223,907, %) NI P Ak 0. 000, K NH, H (6)
FEU R (2) B AR |2 . Y =0.956X .. +6.566X,,. +1.001X,., +
3.4 BT 0X,. +0X,,. +0X,. (7)
PR HLL0.1, 1,5, 10 mg-L™" Cd** {4 XF N ) 2R E 5% 6.
k6 mH"
Table 6  Summay of coefficients
o Cd®* P/ R R? R? Std. error of X
i mg-L~! (Multiple R) (R Square) (Adjusted R Square) the estimate £ Std.
(4) 0.1 0.997 0.99%4 0.989 0. 000 27 206. 852 0. 000
(5) 1 1. 000 0.999 0.999 0. 000 17 588. 088 0. 000
(6) 5 0.998 0. 996 0.992 0. 000 33 307. 174 0. 000
(7) 10 0.998 0.996 0.992 0. 000 39 302. 782 0. 000

1) WAL 5 : Ca Mg Na, KA HE:Cd, 2%k M HE ad Ji s

iR LWIRAY (4) ~ (7) WNHEAE LS W 1.
PLO.1, 1,5, 10 mg-L™" Cd>" fk & h Ca’"
Mg®* |\ Na® | K" NH; | H" 284k B2 A AN B A
(2). (4). (5).(6) . (7)) AKAB Y, ¥, Y5,
Yo Y, 5 Y 3547 PR o b % S SLARAL L, 45 R
Wik 7 Fros.
RT KR
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