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Cd adsorption factors in three typical soils in Jilin Province and its influencing factors

YAN Ting—yu', MA Xiu-lan"*, GU Fang—ning', ZHANG Jing', WANG Yu—jun"’, HAN Xing', FENG Jun'

(1.College of Resources and Environment Science, Jilin Agricultural University, Changchun 130118, China; 2.Tianjin Key Laboratory of
Agro—Environment and Agro—Product, Tianjin 300011, China)

Abstract: In order to determine the adsorption characteristics of Cd and the various influencing factors in different soils, mass equilibrium
adsorption experiments were conducted in saline—alkali soil, black soil, and planosol. The results indicated that the Langmuir model ex-
plained adsorption in the three types of soils. Maximum Cd adsorption occurred in saline—alkali soil, followed by black soil then planosol.
The pseudo—second—order kinetic equation had a better fitting effect than the pseudo—first—order kinetic equation for Cd adsorption in the
three soils. Cd adsorption in the soils was spontaneous, endothermic, and random. Within a pH range of 3.0~11.0, Cd adsorption in the
three soils first increased then became more stable. By increasing the concentration of AI** and Ca*, Cd adsorption decreased in the soils
whereas adding biomass charcoal increased Cd absorption. These results can be used to understand the adsorption behavior of Cd in differ-
ent soils and provide a theoretical basis for Cd—contaminated soil remediation.

Keywords : Cd; adsorption; pH; AI** concentration; Ca® concentration; biochar
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() TS5 YL [ PR 22 i X 35 Cd 3 s X I 7
SCEAOT QA F205 5 BRIk 42 46 L X
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1.2 R5E it
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U, FHRF I 4y 6B EE 1T (TAS-990) W % i W b
Cd AR BE , At a2 W o~ A ek ]

1.2.2 Wy B4R 2 A

FREUER £ 3ERE 55 (0.500 0+0.000 5) g T 2508
o, A 25 mL L 0.01 mol - L' NaNOs g 35 S Wi i ik
J¥ 4 10.20.30.50.100,150,200.300 mg- L™ ) Cd %
W, F 25 ClaJE T %5 24 h(W [t ) 11 223 50 iE 52 24
h 2L IR F I B A A0 26 TR R 1.2.1, 1 5 W
LR
1.2.3 WM Ty 22 1A

W2 B A g 2 Ui 3 0 S A R 15,2535 CHY
TE IR , AR g0 A 3R R 1.2.2
1.2.4 UR[RI5E 0 R 6 Cd B A T4 5 il

(1) SRR pH RS Cd W52 B %) 52 i

B 4 KR A (0.500 0+0.000 5) g T B0
B A 25 mL L 0.01 mol - L NaNOs 75 5 4 ik
JE 820 mg - L' % Cd ¥ W&, 7 FH 1 mol - L™ HC1 Fl
NaOH ¥ 15 15 515 pH £3.0.5.0.7.0.9.0.11.0,
HAREG AR 1.2.2,

(2) 15 SV TRAS ] AL BE ot Cd W B A 52 )

B £ HERE A (0.500 0+0.000 5) g T B 0%
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AT BE AP CA IR, Foari g AP 9R W] 1.2.2,

(3) 5 SRS Ca® ¥ X Cd WK 52

®1 L T EEAE AR

Table 1 Physicochemical properties of the tested soil

+H AR CEC/ Cd i 5efa HHURE 2H B Particle composition/%
. pH . 0 o o Cd background value/ N N
Soil Organic matter/g-kg cmol -kg mg-kg FhFL Clay Bk Silt k7 Sand
1% 1 Saline—alkali soil 9.7 12.80 13.60 0.06 35.8 32.1 32.1
S+ Black soil 7.1 32.81 22.27 0.12 38.7 354 25.9
F13% 1 Planosol 4.5 14.84 22.42 0.10 25.9 39.7 34.4




BEE % CATETARA 3 R £ 1B BB 829

IR 4 SERE A (0.500 0+£0.000 5) ¢ T B 0
t i Ca™ (CaCLFC i) ¥ B2 43 1 24 0.01.0.05.0.10
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Figure 1 Kinetics adsorption of Cd on saline—alkali soil , black

soil and planosol
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Table 2 Kinetic parameters for adsorption on saline—alkali soil , black soil and planosol
- B 1 i =4 DA Sy g .
fjﬁ% Pseudo—first—order kinetic equation ~ Pseudo—second—order kinetic equation Elovich
Qe ki r Q.. ks r a b r
L% 1= Saline—-alkali soil 657.683 123.200 0.830%* 711.848 0.001 0.933%: 431.442 53.672 0.996%*
22 1 Black soil 586.925 110.309 0.819%* 634.747 0.001 0.916%* 376.581 49.901 0.996%*
F42% £ Planosol 461.946 86.915 0.833% 513.287 0.001 0.924%3 277.009 43.873 0.997:

T+ RO AN (P<0.01) . T,

Note : **indicate statistical signifiance at P<0.01. The same below.

Elovich J5 R AR OC R Er (B K, (HADLA5 1 A W A
iR (786.0.725.0 mg-kg ' H1572.0 mg-kg ) A2
BOR o WEZ B 15 )7 P e SEAr A R 2R el - R
FET IR A% Cd W B AR, A DG 2R 80 1 43 0
0.933, 0.916 F1 0.924, [ if 1 & A - #7 W B
(711.848.634.747 mg-kg ' F1513.287 mg-kg™) HikL
(B, DR R i — 90 8l g 2y B i T R b
22U B A R T LAHE BT Cd 78 3 i A 458 ep i W B LA AL
PR SRy FE0T X B A AR A B — 2
2.2 CAdETERHRMERITA

ERA A 2B AR X Cd B R B AR R ] 2
FiioR o N2 9] U, Bl Cd vk B2 /38 m, 3 b 1 18
X Cd M B £ B /N R 3R A > B > PR IR F
W2 - 457 S, G P 0 A0 082 Bk 53 531) hy R+ 8 300.0
mg - kg P+ 7 305.0 mg- kg 1% 1 3 164.0 mg -
kg™, R A 1R A A PR B R S I T R
AR T = . X ATRE S50 % pH (A (pH=9.7) Fl
A A AL S R (32.81 g+ kg ) B &, pH A
HLJ 11 35 Jin 35 BE 3% K Cd A 1 TR o ), pHE P
oy, YR L AT R, LW B AR Y RE
iR, IR LT B RE RS N 3 Th g
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Figure 2 Adsorption isotherms of Cd on saline—alkali soil , black

soil and planosol

i A 0 CECAH, &l i 25 1 2¢ 4 | i ie fo7 F
FVTTE 3 Ry 2U38 fin 4= e 5 4 1) W Bt e 01
PR Cd YR AR T 50 mg - L7 INF, S5 il 26
FIREREE K, B 3 Rl HEXT Cd A W8 B Bl C.d vk i 1)
BN PR G A 5 Y Cd PR 50 mg - LB, dh
Bl A= R AR 3R A W A B 2 159.5.2 064.5
mg - kg™ Fl 1 364.0 mg - kg5 24 Cd V- fiif ¥ J&E K F 50
mg - L], A5 I i 2 A AL 32520 0l B Cd £ R A
AR FE /)N, B S R R B B A X n] RS A
g A R o6 e DX D 1 I B SR =, R 43 Cd T RE B
5 8 T SV T R R, W o S 8 s P 3K ) — e T B
Jei o e R B s AL T2 T /D, Cd DN I AR SRy LA
LI B Ry T R O S R

LT A B A R Cd I R4S IR R R
Langmuir Al Freundlich 77 &, & S Ecun 3k 3 pr
No M3 HAT L, 3 A X Cd B W R A R
Langmuir /7 F2 #1850 B8 47, A 56 2 80 {53 51
0.963.0.980 F10.995, Langmuir J5 ¢ 5 i) K, (8 A W
SEAN 7B Kook, W B AICR 4T . Freundlich J7
FEH Y KR Cd I RE 7, dhis 1 2B A
F P KB4 51 1 551,322 1 164.735 Fi1 447.245,
B s ae o et > 2B+ > A3+ . Freundlich J7
T e (BT DA W R B 122 3 ol - S I 5 B Ay
et > B > A UL S B R AR
LA 0 22 o 5 2% 1) B o W A S50
2.3 CdEEL PR R MRS

1ER 6 TR R Y N (15.25.35 °C) , hs + BB+
FFHE X Cd W B AT 2 306 S 80 3k 4 i .
A 4 Hra] UL Bt 2 L EE A 38 0, 3 R - HET Cd A
W S SBW H K A#a3A . Langmuir Jy #E X} Cd 7 3 Ff
+- B LA AR R R R R T
0.963. AR¥E Langmuir 7 FEHER 15.25.35 °C 3 Fl -3
(4 o KW i, HE R R s 1= ok 8 158.503.9 433.568 .
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Table 3 The isotherm parameters for adsorption on saline—alkali soil , black soil and planosol

% Langmuir Freundlich

Soil n K, r n K, r
#0401 Saline—alkali soil 9 433.568 0.054 0.963%* 3.141 1551322 0.847%%
P21 Black soil 8 466.331 0.038 0.980%* 2914 1164.735 0.878%*
1% 1= Planosol 3540.960 0.026 0.995%%* 2.890 447.245 0.934%+

R4 CAEARRRETHRM AR IZFE
Table 4 The thermodynamic parameters for adsorption of Cd at different temperatures
YH Langmuir Freundlich

L5 Soil Tempﬁire/o(l . 2/ . . X .
i+ 15 8158.503 0.037 0.965%* 2.942 1126.735 0.856%*
Saline-alkali soil 25 9433.568 0.054 0.963%* 3.141 1551.322 0.847%*
35 11365.186 0.062 0.978% 3.131 1 920.645 0.861%%
e 15 7185.332 0.033 0.963% 2.861 925.394 0.863%*
Black soil 25 8 466.331 0.038 0.980%% 2.914 1 164.735 0.878%*
35 10299.948 0.046 0.989+% 2.951 1521.356 0894+
et 15 2533.456 0.023 0.995% 2.858 303.989 0.935%%
Planosol 25 3 540.960 0.026 0.9957% 2.890 447.245 0.9347#%
35 4 636.875 0.041 0.995% 3.216 765.941 0.941%%

11 365.186 mg - kg™, & 1= &y 7 185.332 . 8 466.331 ,
10 299.948 mg - kg™, 13K 1= 2 533.456.3 540.960
4636.875 mg-kg'. Ak Cd HARIFH K-S, 28k
IR B K 2 Ok BRSNS Al BT B —E 1)
RESL, B B /K 701 A i R — IR P R

R A R 2 P i RO SRR B i AR T 2 2 8
TSP RS AL IR T 3R £ AGY
PR S, d B B R R A kR, H B A L
YT, AGO T M A% /)N, Uk WY I B g 3 b - HE XS Cd
PR B B % T i 3 b - R AHC Y R IE A, 3%

x5 CAESRF LT BXMARTHHRANESH
Table 5 The thermodynamic parameters for adsorption of Cd on

saline—alkali soil , black soil and planosol

yH
A Soil Tempﬁire/(’(} k]A-ﬁ)o/l" kJA'zoo/l’1 J- onig’(i/ K™

At 15 -21.552 8.304 0.104
gt 2 23107
35 -24.662

Bt 15 -21.243 9.119 0.105
Black soil 25 20824
35 -24.405

EF 4. 15 -18.778 15.357 0.119
Flanosol 25 -20.183
35 -21.954

W] Cd 7 3 B 4= 3 rh iy W B aok R 25 S WA R i . AS°
> 0, RIS A TT R 1™,

4 BERT pH T Cd R HIR I

1EIRI pH JE FE (3.0~11.0) Y, 3 i 385 Cd A
B an sl 3 ez . NI 3 el U, Bl 5 pH 93 in 3 #h 1
BN Cd 1) W B 52 BRSNS AR e A, X pH
7, W B A, Eh A e R R A I
W14797.0.736.0.582.0 mg-kg ™", 24 pH K T 7 1), 1%
B FE AR RN AR o KR R, Y pH BAIRET (pH<
7),Cd &2 Bk H H Y 38 G MR, W B 1 5 AP Bl

900

800 A/A—/é—éﬂ
o0k @/@/H\é

600 -

500 - 5 £+ Saline—alkali soil

—O- M+ Black soil
-+ 43 £ Planosol

4 6 8 10 12
pH

B3 pHEXHFE LT BB R RM CdrNm
Figure 3 Adsorption capacity of Cd on saline—alkali soil , black

1% B+ Adsorption/mg - kg™

400
2

soil and planosol at different pH values
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WIhs pH R3S K, OH 3 2, ok F HY (158 4 W [ /)
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163 B AP HR JE 35 1 (0.01~0.20 mol - L) 4, 3
T 3 X6F Cd AW B 40 1 4 B R o DATRL 4 HE] I B
B AP R 3ET, 3 Fh - HEXT Cd Y W% B 38 3%
/N o B, ALK A B 28 F2 2 AT L AL(OH) ™ Al
ALCOH) ™[]} 7= Az HF, Hh Al 38 vh OH-, 33 pH
TR, R R AT R R CA R AR ES . ALY
AR N, 75y 5 LA ) - SRR R K A W A TR
55 Cd 7= A s e W B, S 303 A X Cd A I B Y
W, 24 APHBE A 0.10 mol - LA, 358 H g k7 5
FEATR B A, AL Cd 1) 58 5 W 28 387 15 301 -
FAERy Cd 7E 3 Fh A= 558 v A9 W 28 #4203 -
X Cd 1AW B TP AN P ALV J3E F 385 i i A%
2.6 TP Ca™iREXT Cd IR B A 220

FEIRI: Ca® ¥R JE L (0.01~0.20 mol - L) P4, 3 Fil
- HEXF Cd BB AP S Bk o MRS HRRT L B
Ca® W& JE (38 , 3 Fb 3 X6k Cd A 1% -2 328 i/ s
2 Ca® ¥ 4 0.10 mol - LB, EhH8 1+ B+ Fn 3¢ +
XF Cd 14 W2 B 3 P, 3 31138 31 409.5.360.6 mg -
ke ' F1298.7 mg-ke o FIAESZGI ARSI T 41
HOK RS I % &, Ca* 5 Cd A se WL MHE T, S84
TR T R A B BT BH S RS
B A2, R iR Ca™ Wk BE AR, 55 Cd 1 55 4 W

4501 .
N EhH§ 1 Saline—alkali soil

"o -O- 1 Black soil
4 2
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£
5
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=
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Figure 4 Adsorption capacity of Cd on saline—alkali soil , black

soil and planosol at different AI** concentration
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Figure 5 Adsorption capacity of Cd on saline—alkali soil , black

soil and planosol at different Ca> concentration
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