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Effect of calcium carbonate on adsorption and desorption of cadmi-

um in soils

WANG Hong, ZHOU Wei, LIN Bao  (Soif and Fertilizer Instituie,Chinese Academy of Agricultural Sci-
ences, Key Laboratory of Plant Nutrition Research,Ministry of Agriculture,Beijing 100081,China)

Abstract; A batch experiment was conducted to study the effect of calcium carbonate on the adsorption and
desorption of Cd in three kinds of soils. The solution of different Cd concentrations prepared with CdCl;
was equilibrated with soil samples by shaking for 12 hours and 1mol/L. KNO; was used to extract the ex-
changeable Cd. The effect of calcium carbonate was investigated by removal of calcium carbonate (by 0.
5mol /L pH5. 0 NaAc-HAc) in castanozem soil and by adding of calcium carbonate (1. 0% ) to leached cin-
namon soil ,brown earth and castanozem soil ,respectively. The results showed that (1) the total amounts
of Cd adsorption and specific Cd adsorption were increased in the following order :leached cinnamon soil<C
brown earth<Zcastanozem soil. The adsorption isotherms of Cd in the three tested soils could be described
by the Langmuir,Freundlich,and Temink equations,especially the Freundlich equation was fitted best. (2)
With the addition of CaCQO,;,the Cd adsorption in brown earth could be increased by about 4% ~11% .that
in leached cinnamon soil was increased by about 2% ~11% ,and that in castanozem soil about 2% ~8%.
(3)The addition of CaCO; might also lead to the increase of specific Cd adsorption in those soils. The high-
est (40% ~100%) increase occurred in the brown earth,the next is leached cinnamon soil,about 2. 2% ~
26. 5% ,castanozem soil just had little increase of Cd specific adsorption. {(4) The maxmium adsorption ca-
pacity (X.) described in the Langmuir equation was 10. 42mg/g in castanozem soil, 6. 80mg/g in brown
earth,and 5. 78mg/g in leached cinnamon soil ,respectively. The X, increased by adding CaCO; to soils. The

two constants in the Freundlich equation (IgX=I1gK+1gC/n) such as the K values,as a measurement of
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the capacity of adsorption,and the n values,related to the ratio of the solvent molecular released from so-
lute and adsorbent surface,were decreased by the addition of CaCQ,. (5) The amounts of Cd desorped by
KNO; were increased in the following order,brown earth>>leached cinnamon soil >rcastanozem soil. The ca-
pacity of Cd desorption significantly was decreased by adding CaCQO,; to soils. (6} The removal of CaCO;
from castanozem soil could lower both adsorption capacity and the amount of specific Cd adsorption,but in-
creased the Cd desorption markedly.
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M ma M, WE pH A#,® M F Cd** +H,O0=CdOH* +H* i i b K 47 .CAOH ' B 7 4E
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1.1 HELR HERALWEFERANFENATEOKER T . FHESPHESE. TNYRERE

0~20cm B ATHEZ immBEH. TR EXEAERLE L.
®x1 HENRIWExER
Table 1 The basic properties of the soils used

. CaCO: X i H LK% A (mm)H R (%)
Sail pH Concentration of . M. Mechanical composition
s CaCO;(g/kg) (@/kg) >0.05  0.05~0.01 0.01~0.001 <0. 001
Broiataﬂh 6. 05 — 16. 0 35 35 13 17
*ﬁﬂi 7. 70 —_ 11.5 56 29 8 7
I.eached cinnamon
Caﬁgoj:em 7. 80 56.0 10. 3 21 47 21 11

— KXW H Not determined

1.2 £CaCO, T HMNME BSEHFLUBEFED LR pH5. 0 NaAC-HAC MR 8 408 . 1%
ZHEREAZRRECO, SMENAL AEBFARERRERERNAHMES A 0. 5mol/L CaCl,
BRELAMBRESEMPLE FREIRTAEEERZN AgNO: RREGETENIE. WHIHEMRTE S
H.
1.3 MCaCO, 438 REERH 1.000g MA 1% CaCO, BRIBRM CaCO, L&,

1.4 HEBEMNERKR ¥ 1.000g 2HIMA 100ml ML EH, . ELBLIL L : 20 WA CACL,,Cd PR A 4R 0.
25,50, 100, 150, 200, 250mg/L. +. 3 7 A E R, 25CTH & 12h F.- BRI ® 12h, X H B.L (B &
5000rpm) . B b W ¥ M E Cd PEE BB M A0 o RV I 22 - LR B it

1.5 BMELR HMIEIARARRKEHGTIHENMLOE MEA SLZNRRERAPL C (XK
FHB| =W A 1mol/L KNO; 10ml $xi 42 16h, .0, L WM E CdRE RN CdEER. ALK
W% WM £ 1mol/L KNO, 3x#: 1 ig Cd B 80 H L v K& Cd™,

1.6 MEFE CARMERARTREGAXEITE. HERHRAFIE.
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SHLMAUFRIBFHUMHEMEBHEIHED CdMRENMMYNAE D, LHRIEDESE
REH,.3FER L EXRPE M BH S Langmuir 58 . Freundlich 58 # Temink FH(F 2, ¥ 3, & 4).
KB L Freundlich EBRE . AAERHHXRRAN FE.DEEBEFHEKF.

AR BEEEATBEMEHEBERFESLES>ERHER L, REEA R IA BB (<
100mg/L)EF, 20 AHE. MFBHAHNBHE Langmuir FERENBAEREIH LIRS AITES L
(10. 42mg/g) > M (6. 60mg/g) > WM 1 (5. 78mg/g). B EHME ¥ K 43 ¥ 0. 002<C0. 003<0. 004,
Freundlich ¥ RRHMBYH . K HERSFRHFREEHNFESH . LR K EHIT 1, K B/ 1gK
B BRI AT 2 (HTEHB RS H— TR .n B/, B 7R % B 6 525 AN . 0 B R R
£, WBEMMN. Ko {HXDAFIHBRL>IFER>FEEL,
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Fig.1 5Soil Cd adsorption isotherms
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Table 2 Parameters for the isotherm equations describing cadmium adsorption in brovn earth

yoF . Nak -2 M CaCO,y
Equation Untreated soil Added CaCO,
Langmuir 7 & R F{A Xm K R? F{ Xm K
C/X= (. 986 282. 47 6. 60 0. 0033 0. 939 61. 83 7. 47 0. 0030
1/(XmK)+C/Xm
Freundlich 7 & R? F{E n K Rt F{H n K
lgX =1gK+lgC/n 0. 991 426. 10 1.27 0. 0406 0. 987 310. 09 1.23 0. 0386
Temkin 5 B RZ F1{ A B R? Fi A B
X=A-+BInC 0, 951 205. 89 -3. 14 1. 075 Q. 979 187. 43 -3. 44 1. 166
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Table 3 Parameters for the isotherm equations describing cadmium adsorption in leached cinnamon soil

& Bt m CaCO,
Equation Untreated soil Added CaCQ,

Langmuir 5 #& R? F i Xm K Re F i Xm K

C/X= Q. 986 288. 38 h. 78 0, 0039 Q. 970 131. 44 6. 63 0, 0034
1/ (XmK)+C/ Xm

Freundlich }# R F i n K R F{# n K
lgX=I1gK+1gC/n 0.988 343. 47 1. 32 0. 0456 0. 587 308, 47 1. 27 0. 0417

Temkin 7 & R F{H A B R? F {5 A B
X=A+ BInC 0. 985 255, 47 -2. 93 1. 01497 0. 985 270,16 -3. 20 I. 102

X4 BEAEMLTENE RS L BN

Table 4 Parameters for the isotherm equations describing cadmium adsorption in castanozem soil

iy W+ ¥ in CaCO, F: CaCO;
Equation Untreated sail Added CaC0), Removed CaCO,

Langmuir 77 & K F Xm K Rz F{ Xm K Rz F{i Xm K
C/X=1/(XmK)

+C/Xm 0.987 366.0 9,79 0.0022 0.957 B81.5 9.86 0.0022 0.943 65.3 5.16 0.0046
Freundlich RE F{k n K R? F{l ” K Rt F & n K
o F 0.996 1340.6 1.19 0.0355 0.992 414.0 1.18 0.0354 0.976 160.8 1.34 0.0484
lgX=1gK+1gC/n
Temkin R? F{ A B R? F{i A B R? F{ A B
e 0.964 954.3 -3.86 1.279 0.973 169.4 -3.91 1.301 0.984 239.6 -2.79 O0.986
X=A+BInC

I LIMMEREFEN MO T HEHBERAY - REL>HRBER L >EN. EFREAKEAL LR
IMARB RS E RO EHERHB TGRS, THEROSES TRESRHENEARTS L
S>HERE>EE AHERES L EREROMA, X L EHBEYE. BREREBHRE T RPEH
EROLZEET N, B A L8P COT BE H pH R E, L WIFA CACO,; T-H™,

x5 THEEOSHEENE(mg/g)
Table § The amount of Cd specilic adsorptioa in scils

T i 31 R d et

Concentration Brown earth [.eached cinnamon soil Castanozem soil

of Cd(mg/L) Ri# +CaCO; 8 +CaCO; Rig +CaCO; -CaCOs
25 0. 21 0. 42 0. 44 . 45 0. 50 0. 50 0. 48
50 0. 50 0.72 0. 71 0. 76 0. 97 1. Q0 0. 90
100 0. 65 0. 65 1. 0C 1. 08 1. 75 1. 92 1. 45
150 0. 54 0. 82 1. 02 1. 27 2.26 2. 35 1. 85
200 0. 64 0. 94 1. 20 1. 37 2.78 2.79 1. B4
250 0. 47 0. 78 1. 13 1. 23 2. 92 2.99 1. 81

2.2 EBRHE CaCO, A -+ 20605 B 874 1 W

@) 3 Fp MR EI CaCOs, §8 #) R B3I, MR B B I iE I M 4%~ 11 % . BB LR E 2%
~11% . REL 2% ~8%. RELHMPIRA CaCO; RS 1 ,CaCO; FMA L WE /N, WAL H
BN # Bt ,CaCO, FIIMA 3 M TR W meL 4, BBRK il K-S, L Freundlich 7 &
BT KMo HY TR RIBEHBERER REEEEREIT. TRIEN,CaCO, W EZ LI E 1+
R R SRR T3, Bk CaCOs A BRI EMAN BB BN ETRNE R FHEHK. Langmuir
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TR G2BEEI - HRER- BREHE Xn NN . NN ESEITRHR . EF/L 0. 7%<4EH
13.2%<HMBHBL14.7Y. BRFEEH K HERAORER L RATRE2EI.H O,

o+ KRR CaCOy Ja . MBEM TR, FTREBEN 2.0 ~26% A AWK LR MAOBHTEE
F (B 1), Langmuir FERBSE]EH, LB CaCO: T BRABBELRFR £, KT 47. 3%, &M
REFE®BEEMMY L. Freundlich FRVSHERORN.ZHK A HAFEARBEARGE V. H
HA) R .CaCO, MFHEMESLRBRBEMAE S HER . U RRRBERRN ERAEX.

X6 INTMEFHEBHEOARS LTINS TEMEROLEMNCD
Table 6 The percentage of specific Cd adsorption in the total Cd adsorption

2.3 3: 4 = MWt 2 o

Cﬂncentration Brﬂwn ﬁarth LEﬂChed Cinnamﬂn Sﬂ‘il CaStaHOIEm Sﬂil

of Cd{mg/L} R+ & +CaCO; [ 1 # +CaCO, RLt#& +CaCO; -CaCOy
25 22 85 at 92 100 100 98
50 55 75 76 80 100 100 96
100 38 54 59 61 98 100 87
150 25 34 49 55 94 95 81
200 24 32 47 51 91 91 74
250 16 26 41 42 86 86 65

WA CaCOs, + MM EHBMECHE MM, LRSS HERMEAMEL, W IEE L 4025~
100%, XTER S AT pH KA X . HKBB LT INA CaCO; G, S HRM RN T 2.2%~26.52% . MR
4+ SR MM MmN IS, T Wk TR  EERENm. EHELER CCO K. L MBHR
MERTREREE 4.0%~38.2%, BAROARMEE SN, GHBREOM S EREEMNLARDH
67,

2.3 THEASREAEL R CaCO, MREBRAER

3R LPBER AR RER D EFS MR BERARE REREEEAR FRKER L >
4, BmCaCO, i T MBHMBE R TR, L5 FMEE N 50mg/L 0, & A0 LS T A
0% AL, TESN R EBE B % 100 70 150mg/L B . RS L A9MMB T RERE, £8 CaCO, 5. KB+
i O B SR P R A R . SR R R R R ik 60 Bl B, AT L CaCO, FE. X L
MEEPEAOREEAAFEENEA.

+ 3 A F G R R0 B 0 8 R R T R NaNO, BIREME RN T EHEEALT LM (L)AL
NG EBTHBAARKE, 9 pH 388, + 9050 5 579 n, M\ 70 -+ 90 6 3 fati ') F et pH 7t
B OAEATFCIOH WEE NATRIBEHE., ORHAESZERERRZIRGLNINPRAES
BB CaCO, AR B AP ESRN O Imol /L HO B ENHME, HRFEL TR EFIHBENHNLE . &K
BB EREEY S RS, B Ma & Uren" R # B .CaCO; MAX LI HEEE
PESEE AR, E4RBS, L% pH & 6.0~8.0 Z[E, A CaCO, J5, - MR B 115 4% M
MR A BT MR, ZER A CaCO; MMIS 18 L Az Lo, mA CaCO; B ER. XL ERR CaCO, /7,
+IRREH BT, CaCO; £ ST RN MBEH K. Langmuir 5B Freundlich RS MBER
B ,CaCO; MMA, T MERBHENNFEXBNEERSEETA: AN .CaCOs B A , 1548 51#%
ERELEL. GEENEHIER. AES TP ERCaCO: /. MBHUBMBREENR . XEERN—
EAELRRET CaCO;, R TiRMiT LA,

3 #ie

IMEMPEREBYRRHEAPHBER . EFSI>ENCHBRL M REENREEHIRRS .22
SHEBERL>FEEL ONRAHSHREMEMLTRF : REL>HER L >R85 CaCO; B W,
R R R R L R — R RN R R MRS LRSS, AREEL S
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F B CaCO, J5 , ey B M BA 4 ¥ W i M FR&, Langmuir,Freundlich . Temink 7 RS ML FH S L
TR, Bl A CaCO,J5 JFreundlich 58+ 8% K fln T8, Langmuir 5EPER Xm HNW,
KTH. &Y CaCO; IFAZ UM LA REHMER O M B8 CaCO, R NBMAERSA . RTRYER
R R ERNTERE. BmCaCO, LR YMERTRE. RH LB CaCO; 5, B H AT R AR
EHEMM, L CaCO, FE T REZFRAET ELES T BEEH.
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