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Adsorption of Cd* with Cu* Zn* Coexistence in Soils of Shaanxi, China

MENG Zhao—fu', WAN Dan? DENG Jing®*, MA Yun—fei?, MAN Nan? LI Ting? FU Hai—hui*

(1.College of Science, Northwest A & F University, Yangling 712100, China; 2.College of Natural Resource and Environment, Northwest A & F
University, Yangling 712100, China; 3.Library, Northwest A & F University, Yangling 712100, China )

Abstract: The study of Cd** adsorption at Cd** sole treatment and complex treatment with Cu**, Zn** coexistence on 5 kind of soils, Lou soil,
Loessial soil, Dark loessial soil, Yellow cinnamon soil and Sandy soil, in Shaanxi province were carried out and the adsorption mechanism
were discussed also by multi—correlation analysis. The results showed that Cd** adsorption isotherms display H or L type at 20 °C and 30 °C.
The Dark Loessial Soil(HL) had a strongest adsorption capacity while the Sandy soil’s adsorption is the least; Cd** adsorption had a character—
istics of negative temperature effect, i.e. the Cd* adsorption decreased with an increase of temperature, the coexistence of Cu** affected stronger
than Zn* on the temperature effect of Cd** adsorption in Lou soil, while an opposite effect of Cu** and Zn** on the temperature effect of Cd** ad—
sorption in other 4 kind of soils. The Cd* adsorption capacity could be decreased by coexistence of either Cu* or Zn*, indicating that an antag—
onistic action resulted from competitive adsorption by Cu* and Zn* is existed; The Freundlich equation could be used to describe Cd** adsorp—
tion isotherms. Results of correlation showed that Cd** adsorption was mainly decided by electrostatic attraction, effect of Cu** coexistence on
the Cd** adsorption was relative weak due to its chemical adsorption characteristics, this chemical adsorption mainly came from the complex
adsorption of organic matter in soil. On the contrary, Zn>* affected strongly Cd** adsorption because Zn** adsorption mechanism was similar to
Cd* adsorption.

Keywords ; complex adsorption; heavy metals; soils in Shaanxi; cadmium; copper; zinc
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PEFIEECHA R , 35 P P B 2 5 ) - R B B 4
BH—EEE T, 2ETHRFEESRME, R
HERAANES R HE TR R FM, Xu R K 555
SR a2, I FT Cu 11 )W M LA BhEWEF,
X 2 A I O A5 A 9 5 T R AT O B R
Serrano ZEfF 5T T 3 R Pb Al Cd 35 4+ W Ff i) 22 1
KA B TRRMRN, B R FH % pH (AR H5F14R
A IR B 3 BT B P A B s v 22 [, B pHL (B A 4%
EWAL, FEE FeOH fifiif K, Jalali Fl Moharra—
mi™ R T 10 ME KRS - L H CuNiZn,Cd
A1 Mn BT 52 R Mt , B Cu* . Zn* NiZZEHEA L
38 g B A, TG Min®* A Cd> W 5 /N o AR 1E [ 459
SRR, I Ca? KILAF Y IR R B R A R )
VT, RS TR IR AR RE ) R 5 3 I ES T
WAL A7 349 0T A IR 2T 4R W BB 7 o Srivastava
Z5I7E pH6.0 B 1) 2T W R BE, RIS A Xt & R
HEREEFIRMA —Fh3E R HLHIFTE  Flogeac 55
GEIRFR, FE R Sy R 2 rh LR B RE T A AR U R
Cu>Ni*>Cd*, TEAEFE 7 4+ I 2 20 437k 2 rh HLR M g
FI TR A Cu>Ne>Cd™, B BRI T4
BPHESBEABRETMOM R CAREIRE,H
RGN FAFRRM L IEPEZHELBE FEL—
R B AT R MHFAE 5T B G 2> WARGE -

ARSCLIBEVE 5 R AR R RS 4, U
Cd* . Cu* Zn* N E LR 15 Y , 38 33 A W B 7 7 v
BF5E CI e — K5 Cu* Zn 8 G A TR
I7) - 398 f R B ARRAE B AR AR R, RS LI AL
il , A EEAESHE P ELSBE AT RNBIEIER
PRAFBIKYE

1 #BE57FE

1.1 SRIgH#

X ERE ARt EBaEt By e
W, R ER R, 45 LT .HM HL . HH ST &5
R L R AR, BE L B Rt

3R B KRR IS A . SREETREERA 0~20 em,
TREREF KT, 1t 2 mm . B REREA TR
B 1,

3 MESLRIE Y5 7R A 3CdS0,-8H,0(AR),
CuS0,+5H,0(AR),ZnS0,-7TH,0(AR).
1.2 EH&IT

Cd> P —Rb PR BE 2R 1.5.10.20.50.100 mg -
L7 6 MEERE, Cd*+ Cu* . Cd*+ Zn* B H A BRI
B BE % R 0.5+40.5.2.542.5.5+5.10+410.25 425,
50+50 mg- L™ 6 Nk RS, Cd**+Zn*+Cu* & G AL FH
Hyvk % 0.33+0.33+0.33.1.67+1.67+1.67.3.33+3.33+
3.33.6.67+6.67+6.67.16.67+16.67+16.67.33.3+33.3+
333 mg L™ 6 MRERLE , & H— N SR
L4 0.01 mol - L™ CaCl, YE A5 5t H Al S5 LA PR IRV W S
TIREEE,

SEIGR R 20,30 C 2 ANEE , BN R 3 A4
#HR,
1.3 WA

SEIS DAL AL 3 (Bateh )BT . 43 HIFREL 1.000 0
g E20.000 5 )X LFHE T 6 H 50 mL R Z
HELET, UBWESAMA 10.00 mL _EAARRFE
WEMENRE-NEAESEE TR, K08
NKERIRG A, s IR, fHRRY 24 h,
3600 remin BE.0> 10 min, BRI E CEUeE, 22
W E R A CA IR

CA* B 5E 3% A B 57 Z-5000 T [ 7R 0435658
FETE, DUKSEZMAE , ZE S AU A TE 8 SR M LA
RE P UASE AR UEL HEA T 4B B A
1.4 #iELE

Freundlich BB F535 K S=ke', Kp £k A5
MR RMSEL, Un AR TR B, S BRI J 570 %
W B SR 2 8 55 o A4 R  Curvexpert 1.3 Jf
LHPE RGBS BRI TIESR LA

ZEARSTRA xlstat 7.5.2 Geitor ik, LA
Pearson ATk #8417 o

®1 il HEEREUMER

Table 1 Basic physical and chemical properties of soils used

+33 pH Kiki Clay(<0.01mm)/g-kg™ CEC/mmol -kg™ OM/g-kg™ HRE/em> g WFEEK(Fe,0,)/g kg™
B+ (LT) 821 510 146.0 13.1 1.67x10° 11.8
#H4+(HM) 838 210 44.8 5.40 9.33x10* 7.86
My (HL) 831 420 101.7 115 1.12x10° 10.6
#H¥w+(HH)  6.80 620 215.3 13.8 2.05x10° 232
W+ (ST)  8.70 49 13.8 3.0 8.84x10* -
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2MNMRET CPFER— RS G In* B G5 5% T
AR B4 R R A 25 R A3 31 DL R 1T 2,
2.1 CFEARRE TR &R L

Bl 18 2 85 R R, 72 20,30 C 2 MRET L BR
Wtah, HAy 4 FhtREs CA &R AR I 45
R RAR EE HRSRLER, —B R, Cd>
%) TR o 4 B A TR B B AT AR D
CA* FHEEIRAR SR L3 2 L RISERERIE K, b 13
Bh C* Bk B B, Ca TR vk B IX Y
TR R, TR R R E T CE
TR o R 1 R0

Bl 1 7R 20 CHFAS [F] A5 IR B 2 A v AR o
Cd* B —4b 3 . HL>LT>HM>=~HH>ST; Cd+Zn & & 4b
3 . HL>LT>HH>HM>ST; Cd+Cu & & 4b 7 . HL>HM >
LT>HH>ST;Cd+Cu+Zn & & 4t 3 .HL>LT>HM>HH>
ST, K2 7~ 30 CHFA[R] 45 I B 22 A 1 AER I
Cd*H—4h38 . HL>LT>HH>HM>ST ; Cd+Zn B G403 .
HL>LT>HM >HH>ST; Cd+Cu B4 43 . HL>LT> HH>
HM >ST; Cd+Cu+Zn B4 4+ . HL>HM>LT>HH>ST,

1000

5 10 15 20 25 30
S e B /mg - L

Cd*+Cu*

15

10

ERERER, E2MERET,CHR-584
AhER e BAYS + (HL)XT Cd* B2 B Bl i R AR
AP - (ST)XF CE* WK FHE R R i =, 4
(LT).E4 +(HM) . %548 + (HH ) 78 ik — 3% 2 [a]
SRR, BRE R, 2 MEET A R T
sR—Ub A IR, AR IR — L X R Y
PR RN T CA> MR A de e fE A o
2.2 BEEXT CA IR B B 840

Fed i 1. 2 H AR E SRR FAL BRAE R RN E T
CA™ [t , 5 R ER, LM MEREFHES
ARFRITNF C> % B ARTRLBE O = A ), K 3R R R
%o 7E CA*BE—AbPEAN Cd+Cu E A A0HEH bR+ +
FETE Cd* L — b BB FHRIER ,, 7€ Cd+Cu B A4k
o 2FHR AR, Hax 4 B BRI —E
M, T AR B TH i CP IR B R AR B T £ 2k g
FHE s 7E Cd+Cu+Zn EG4b 3R, Cd> R A4 1R BE AL
KI5 Cd*B— b3 5T MR WAL e
Cd+Zn B4 403, B>+ F I H B 2 A 35 IR 5800
Hh, SR EHAR 4 Fp AR I EIR B S T K
O] EEAN

ERGERFLH Bt RS, A 4 R AR

500

Cd*+Zn*
400

w
(=
(=]

I B} Bt /mg - kg™
[\*)
(=)
(=)

100

5 10 15 20
S e B /mg - L

Cd*+Zn*+Cu®*

0 3 6 9 12 15 18

AU fmg - L AR BE /g - L
<O #A(LT) WS (HM) A W E(HL) X #EiE(HH)  + #h4(ST)

B 1 20 CHf CAEARE IR HIR &R L
Figure 1 Cd* adsorption isotherms in different soils at 20 °C
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1000

B B /g - kg™

0 5 10 15 20 25 30
A B /mg - L

500

Cd*+Zn*

0 5 10 15 20 25 30
A B fmg - L

350

Cd*+Zn*+Cu*

300
T 250

g

E k-
é‘, éﬂ 200
e ﬂg 150
= =
= 100
50,
8 12 16 20 24 % 2 4 6 8 10
G /mg - L S B fmg - L
< 4 (LT) WAL (HM) A BY4+(HL) X #B+HH)  + #4(ST)

B 2 30 CHf C&* A IR H R E R L
Figure 2 Cd* adsorption isotherms in different soils at 30 C

FERN R BT — B, AR —8E 2 54t
AR B TRIMEA X, CA*—AbHAM Cd+Cu &
AR —2, Cd+Zn 1 Cd+Cu+Zn B4 4L EA
ek, P Cu FEAFTEX 4 B AR T C> I B
B FERN AN K, T Zn* () FEAFLEX 4 b LA Xt
CA* MR B AR BERN A B R, 45 H Cd*
— R IR TR AR [ 5 Zn® i AR B TR TE S0
AR BB RBWRE I IFERZ 4 Fh LA H Cd>
W AL A SR . 8+ R ERE IR, Cd
— Qb PR Cd+Zn B A AR RN —3K, T Cd+Cu
1 Cd+Cu+Zn E AL CPBA—RbFRFEIR HAH R
HIREERLNY . T HEEE BT RN 5 H L
Tl B A, R IR SEAE 38 + AR st CA> I B HIL
BABRZWRZ Cu WILAE, AR Zn>3EAE,
2.3 HEFEFIT CAIRBHHIRZNE

B 1. E 2 5 RRHIRES HIERANES
JB B Z IR I AH EAE B S0 . LEBOH R ik
ET, ARIEERLFAHE S C MR R EIRT o
20 CH 2 ,LT:Cd>Cd +Zn+Cu =Cd +Zn >Cd +Cu;
HM : Cd>Cd+Cu>Cd +Zn+Cu>Cd+Zn; HL: Cd>Cd +Cu>

Cd+Zn+Cu>Cd+Zn;HH:Cd>Cd +Zn>Cd+Cu>Cd +Zn +
Cu;ST:Cd>Cd+Zn>Cd+Cu>Cd+Zn+Cu, 30 CHt 23,
LT:Cd>Cd+Zn>Cd+Zn+Cu>Cd+Cu; HM ;:Cd =~ Cd+Zn ~
Cd+Zn+Cu>Cd+Cu; HL;:Cd>Cd+Zn = Cd+Zn+Cu>Cd+
Cu;HH:Cd>Cd+Zn>Cd +Zn+Cu>Cd +Cu;ST:Cd>Cd +
Zn+Cu >Cd+Cu>Cd+Zn,

EAREERERH 2 MRET, B£— CEPHERK
M SRR, X — R AR -3 rh AR S TESE
Cu Zn** SRR T CA* iRt &, BA BEN
WEHUER, AR 2 5 HAE 77 LR 5 Cd™
TR M A K. A RE SR NEUE
A, ERERER:(1)20 CHEFESEE TR
M FE R L , R I A R A% CE S ma iy , 7540
HRRYT P, Zo 15 CA ML R R, T Cu (i
13 CA W B T e D, VE AR A Y Cd+Zn+Cu X Cd*
W SRR T Cd+Zn A1 Cd+Cu AbFEZ ], BIRELE
—EFRE b Zn* 1 Cu7EXT CA> W Bt 5 ma b & 4 4%
s 7EE W AP + A, Cd+Zn>Cd+Cu>Cd+Zn+Cu iE
SE Cu WS AN T Zo™, BB BA —ERE b
A REIVER s B AP, C IR & T 2o, X — RS
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8 AP A —2, {H Cd+Zn+Cu X CA>1%
B/, XAV Zo»Fl Cu® TEXT CA> W B 52 b HETH
BB K ; (2)30 CHEFES RS F 2%
FAXSECGF , BRAD L 50, Hor 4 Fp BRI G
Ml B K, T Zn> SEMa AR /)N, Cu®t Zn* Z [A] % Cd* 1l
M2 _E A — e MHRTETE S R

3 g

3.1 Cd™ MR B Ry B A ikt

TE 20,30 CHF Cd* WK f 45 IR S LA 19 45 R ik
L) Freundlich # Ry B AEAR RS, MR RE r 7
0.837 4~0.995 3 Z [f] , B3k B FEAHE , Freundlich 1
RIZEIER 2,

2 G5 R 1E 2 MBET , Freundlich AF )
GRIZEE BRDIUT 5 W EIRE G R 22—
B, FiFZAEE Langmuir, Freundlich W% B4R 2 7EH
AR I I Cd> R )2 S A —3B 1, i —2
HRERMNEERRNSE n, 7R HL 20 °C Cd+
Cu 5, KA A S5 n BIKTF 1, BB H L B

%, [FBF 2.3 #4533 Cd B— b FRIR F 2 SR B
K, ULBHHAhE SR A 8RN C R EA
FEVUER, (HILAERT CA A [R] 358 Fp A R B 0
FMAK

BARE 3 BN, UESEE 5 EEE Rz E A
MR ARE (BE—ERE L, MEXRER/)D
AT LA 3 e CA IR s, SEIR S5 R B
7, LEEAHLE OM KR & & DL & CEC & Cd Hi—
AEFRF kAR R KA T, HHE T 2 OM>
HKiRi>CEC , CA*FERRLA™ 4 b (4 W% B 3= 22 D) Ha A
W Bt Ay 20216 i A - A ML b ) W R — T T AT
DL 1A WL A ER L B B 5 | TR, IR B i8
A BB 13 A HLE RE A 38 13 45 A0 B AL 2= 5
B AT, 2.2 FRA3 CA MR AT BN R A
T 57 3500 A, B DA BRI > 3=, GRS Cd> I ff
FERE B YRR R LSRR 4 L

R3 CPHBERXAHHER
Table 3 Multi—Correlation of Cd* adsorption

FEEIR Cd—k Cd+Zn-k  Cd+Cu—k  Cd+Zn+Cu—k
FIREFHE . n (ERR/NRF B ES k2 EZ2KR Cak !
E@Q'ﬂﬁ%% o jiﬁ: 1 m?jﬁ%ﬁ%%'&m?ﬁrg 1/n 5% Cd+Zn-k 0.917%* 1
KIS b 20 23 E AR R, BIR 2R Cd+Cuk  0.697% 0.535 1
HIR MR AN R, —F B R —8E, X— Cd+Zn+Cu—k  0.867**  0.969%** 0.416 1
,lﬁ fbitl: g%% E"J ﬁ% ':F' ﬂzﬁ%iﬂiﬁiﬁ'“‘mo B -0.192 0.107 -0.333 0.157
3.0 C IR H A& pH 0.036 -0.047 0.116 0.085
\ Gih A 0.458 0.502 0.094 0.361
% 3 CE R —R R é&‘l\}%%ﬁ Zﬂ?u CE .8 CEC 0.260 0310 -0.012 0.159
HZ I e kE 53R 1 &0 3 2 A 1 2 H A oM 0557 0,586 0.165 0.449
KGRI 3. R TN, Cd B— B £ (HE £ 0.061 0.098 -0.155 -0.055
HAh T4 BB FILEat i k (A BZEMMEE% WeBs ik 0.238 0316 ~0.004 0.181
& 2 Freundlich AU S S
Table 2 Fitted parameters of Freundlich model
EcEyist
TBEE/C T4 Cd Cd+Zn Cd+Cu Cd+Zn+Cu
k n k n k n k n
20 LT 610.11 2.22 351.00 1.86 246.33 1.89 395.77 1.30
HM 49332 2.75 216.13 223 27774 1.89 269.55 2,04
HL 102677 1.83 576.03 148 404 711.24 023 615.46 1.51
HH 435.17 2.25 268.02 2.16 24154 234 206.92 1.92
ST 21324 271 107.58 334 79.86 2.92 65.88 2.97
30 LT 576.79 1.31 351.79 1.93 22931 291 33243 1.66
HM 351.29 3.16 340.51 2.99 149.57 451 387.94 1.83
HL 816.64 1.72 602.78 2.09 575.83 147 816.47 1.44
HH 364.27 2.26 287.74 2.57 189.24 3.13 261.63 1.83
ST 191.54 2.59 106.32 428 113.58 373 96.25 257
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B 3, B AL A2 IR AR , Cu SR et Cd* LA
P35 S PRI B AL R AR 459 , X sk AR T RA
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Cd+Zn+Cu Ab ¥ +HEHHLE OM, ki & &K
CEC 25 k (HE KR H MR, X— &5 Cd f—
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101, [ Bt 456 B EL ) G0 B 144 2 i 32 2 2 i e A L
IR EE R RS | MR B LA SRS R ) L re e
(14 32 S P R RS PTG L PR o A G0 B )
FEHLH], HH R Zn> A7 X CA IR B m =+
Cu IR B AR A5

4 i

CAEA LR LA IR IR R Bk E¥ 2 H
o L AR, By Xt Cd> a2 MR b i , i
0 I B R B 22 5 CAP IR AR BE O R TR TR
TRV AFAE , HRET R AF B PR LB B R
M) s Cu?  Zn* (A7 CA* AR It B B3 TS Hi/E
i ;Freundlich #R 2 HEA CA> IR M SRR AR AR ;
CA> 7 33 W o S22 A A5 | 7R A 32, Cu R
LAk 2 R R A A T X G2 B I B2 MR 35 38, Zn® T
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