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Adsorption Characteristics of Soils for
Lead Copper Zinc and Cadmium
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Abstract Four kinds of soils namely KH rice-growing soil from coal mining area ~ WZK vegetable soil from
polluted irrigation area  BG-1  background for vegetable soil and BG-2  background for rice-growing soil were
collected from Xuzhou city for this adsorption experiment. The heavy metals of Pb** Cu’" Zn’* Cd** with
concentration ratios of 10: 10: 10 : 1 in different concentration gradients were added to the soils to study the static
adsorption characteristics for these heavy metals. The results show that the adsorption capacity of these 4 kinds of
soils for Pb**  Cu’* Zn’* Cd*" is in the order of WZK >KH >BG-2 >BG-1. And the results also indicate that
adsorption of Pb Cu Zn Cd by the soils are greatly affected by the factors of Pb  Cu Zn Cd and organic matter
contents in soils cation change capacity of the soils saturation moisture contents of soils and soil pH values.
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Pb Cu Zn Cd 1.3
Pb Cu Zn Pb Cu Zn Cd
Cd 250 mL 1 000
mL
Pb’>" Cu’" Zn®* 0 50 200 500 1000 2000
1.1 5000 mg/L  Cd>* 0 5 20 50 100 200 500
KH mg/L
WZK 1.4
1.4.1
BG -1
BG -2 0 ~20 cm 0.038 mm 400
0.84 mm 20 1 kg
10 min
<0.098 mm 4
Pb Cu Zn Cd L4
pH .4. )
CEC w 1 I kg
4
1 KH 428.2
Table 1  The physical-chemical properties of soil samples mL BG -1 385.97 ml. WZK 527.85 mL
. e w vy pg g " BG -2 400. 58 mL
v T g wlke U p ooz M 1.4.3
KH 1.15 816 2.6 9.57  428.20 63.73 39.2 26.5 95.80.25 592 1 kg
BG-1 1.27 8.35 1.31 7.97  385.97 64.17 26.9 24.4 63 0.21 580
WZK 1.16 7.58 3.09 9.74  527.85 39.33 293 36.1 103 0.6 483
BG-2 1.32 8.08 1.97  7.95  400.58 44.17 30.1 23 67.50.27 524
® <0.098 mm % 96 h 2-3
1.2 10 mL
| 2000 r/min 10 min
Pb’* Cu®* Zn* Cd** C
ICP - MS Pb Cu Zn Cd S 2 C
ICP - AES 8411 S 2
80 -2
2 @
Table 2 Analytical results of Pb**  Cu’* Zn’* Cd**
" in saturated adsorption tests by four types of soils
kB - i -
f fite Gy P+ KH BG-1 WK BG-2
i B myl. ¢ s c s c s ¢ s
FERE 0 0.213 0.091 0.148 0.057 0.013 0.001 0.145 0.058
50 0.846 21.048  0.451 19.124  0.014 26.385 0.586 19.794
200 0.948 85.234  0.717 76.917 0.0534 105.542 0.849 79.776
EAE 500 1.245 213.567 0.982 192.606 0.0958 263.874 1.456 199.707
B 1000 2.489 427.134 1.049 385.565 1.153 527.241 3.458 399.195
2000 3.489 854.906 1.816 771.239 1.472 1054.923 6.879 798.404
1

Fig. 1 Schematic diagram of adsorption test

for heavy metal elements in soils
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® C() C
mg/kg

mg/L S

All rights reserved. http://www.ykcs.ac.cn



6 26
2 C 0
€ G2 KH BG-1 WIK BG-2 r "
L ¢ S ¢ S c s ¢
0 0.0589 0.025 0.245 0.095 0.0425 0.02 0.452 0.18 2 4 Ph2*
SO 0.0849 21.374 0.859 18.967 0.0849 26.348 0.958 19.645
C 2+ Z 2+ Cdz +
200 0.5 85.573 1245 76.713 0.157 105.487 2.435 79.14] u n
500 1.256 213.562 8.859 189.566 1.485 263.141 3.478 198.897 2 4
1000 4.849 426124 14.489 380.378 4.856 525.287 5.428 398.406 PL2 " Cu* Zn* Cd2*
2000 5.426 854.077 18.579 764.769 6.158 1052.449 8.461 797.771 3 4 PR Gl
5000 0.478 2136.942 21.456 1921.569 7.459 2635.313 29.156 1991.221 u
Zn2+ Cd2+
¢, w* KH BG-1 WIK BG-2 , . , ,
—_— Pb " Cu™" Zn"* Cd°*
myl ¢ N C S C S C s
0 0.58 0.235 045 0.176 0.109 0.0 0.498 0.199 Pb Cu Zn Cd
SO 0.948 201004 1.485 18.725 1141 25.799 1.502 19.427 KH 4
200 1456 85.017 3.452 75.862 1311 104.878 3.489 78.718 0.88
500 5.496 211.747 9.478 189.327 4.07 261.777 6.587 197.651 5 BC _2 Clt It o
1000 9.149 424.282 13.464 380.773 8.272 523.484 15.486 304.377 - - u n
2000 13.478 850.629 28.451 760.959 9.682 1050.589 34.589 787.304 0.91
5000 19.4862132.656 55.461 1908.444 12,632 2632.582 78.561 1971.430
¢, G KH BG -1 WIK BG -2
mg/L, C S c S C s ¢ S
0 0.171 0.00007 0.154 0.000059 0.0158 0.00001 0.548 0.00022
50502 2141 0.546 193 0.0516 2.639 1.589 2.002 3
20 0.64 8.564 0.978 7.719 0.157 10.557 1.826 8.0l
S0 0.856 20141 1458 19.298 0.478 26.392 2.458 20.028
100 2153 42.819 3.459 38.596 1.485 52.784 4.687 40.056 Table 3 Correlative relationship between equilibrium
200 3.549 85.638 8.146 77.191 3.456 105.568 8.136 80.113 concentration of heavy metal elements and their adsorption
500 8.459 214.096 9.485 192.981 5.843 263.922 11.458 200.285 mass by four types of soils
e T KN KH Ph2* =402 54x —308.3 0.9297
2 2000 20001 o0—BG-1 Cu?* y=199.41x -73.083 0.8946
¥ —WZK s
5 +—BG-2 Zn2* ¥=99.88x - 189.21 0.8878
1000 10007
Cd** y=26.045x-7.1758 0.9972
0
0 ‘ BG -1 Ph2* y=330.03x —51.469 0.9705
0 5 10 0 10 20 30 40
ClmgL) Cl(meL Cu2* y=65.26x—133.95 0.7136
3000 300
Zn cd Zn2* y=34.265x -73.126 0.9871
I 20001 200 cd** y=16.627x-9.2998 0.8424
on
£ 2 ._
S 1000 100 WZK Ph2+ y=502.2x + 90.362 0.9812
Cu?* y =259.25x -91.386 0.7606
0 0 i , .
o 2 40 6 ® 10 o B o s Zn? y=171.02x -252. 18 0.7820
CllmgL) C/mg.L) cd2 y=41.817x-2.6371 0.9630
BG -2 Ph2* ¥ =208.53x - 124.82 0.8044
2 Cu®* y=70.402x -8.6771 0.9810
Fig.2 Relationship between equilibrium concentration of In y=24.907x —7.9466 0.9977
heavy metal elements and their adsorption mass by soils Cd2+ y=17.138x - 25. 144 0.9187
4 pH 7.58
2.1 ~8.35
4 1
G 0 OH" s
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M** +2H,0 —M OH , | +2H" 1 N 6
1 n= C,-C /Cyx100% 2
2
M?* H,0 2 C, mg/L
H” pH C mg/L
2.2 2 4 Ph**
4 Pb** Cu’* Zn’" Cd** Cu’* Zn** Cd** 4
4 o
Table 4 Adsorption rates of Pb*>*  Cu’* Zn>* and Cd** in four types of soil samples
@ KH BG -1 WZK BG -2
pp/ mg: L-! Pb2* Cul* Zn2* Cd**  PhE* Cu* Zn?t Cd®* Pb 2t Cult Zn2*t Cdit Pb2* Cul* Zn2* Cd*
1 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 50 5 98.3 99.8 98.0 100 99.1 98.0 97.0 100 100 99.8 97.8 100 98.8 98.1 97.0 100
3 200 20 99.5 99.9 99.3 100 99.6 99.4 98.3 100 100 99.9 99.3 100 99.6 98.8 98.3 100
4 500 50 99.8 99.8 98.9 100 99.8 98.2 98.1 100 100 99.7 99.2 100 99.7 99.3 98.7 100
5 1000 100 99.8 99.5 99.1 100 99.9 98.6 98.7 100 99.9 99.5 99.2 100 99.7 99.5 98.5 100
6 2000 200 99.8 99.7 99.3 100 99.9 99.1 98.6 100 99.9 99.7 99.5 100 99.7 99.6 98.3 100
7 5000 500 99.9 99.8 99.6 100 99.9 99.6 98.9 100 99.9 99.9 99.7 100 99.9 99.4 98.3 100
@ 100 99.95 @ Pb** Cu** Zn®* Cd?*
4 Pb** Cu*’ 2.3
In’" 200 mg/L Ph’* Cu®* Zn** Cd*7
4 Pb Cu Zn Cd
cd** Cd 5
100% Cd
Cd Pb Cu Zn 5
7 sz + Cu2 + Zn2 + Cd2 +
Table 5 Correlative relationship between heavy metal element
10: 10: 10: 1 P Y
adsorption by soils and physical-chemical properties of soils
pH CEC o
PH 1.0000
CdZJr Pb2+ CUZJr Zn“ 1710 ~0.7373  1.0000
Pbt Cu®t Zn®*t 5 000 CEC -0.5567 0.8534  1.0000
14 cd -0.9544 0.9051 0.7194 1.0000
mg D 0.8362 -0.2502 -0.0681 -0.6376  1.0000
Pb  Cd Ph -0.9541  0.9055 0.7199  1.0000 -0.6368
pH Cu -0.9520 0.9085 0.7243 1.0000 -0.6312
Zn -0.9471 0.9150  0.7337 0.9997 -0.6187
Pb Cd Cd -0.9544 0.9051 0.7194 1.0000 -0.6376
pH @ <0.098 mm %
sz + Cuz +
Pb - Cd Zn** Cd** 4 Pb Cu Zn
18-10
4 Cd
Nea 2 Neb > New > Nzn CEC
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Pb Cu Zn Cd Pb’* Cu’" Zn** Cd** Cd
Pb Cu Zn Cd
pH
5
Pb Cu Zn Cd
pH
4
8 11 1 .
Pb Cu Zn Cd J. 2003 12 3 331 -332.
pH pH 2 '
Pb Cu Zn Cd J. 2000 20 3 371 -375.
3 .
J. 2005 24 3 164 -
3 165.
1 4 Pb** Cu®" Zn®* Cd** 4
Pb’" Cu’' Zn*" Cd*" - I
Pb’* Cu*' Zn** Cd’Y 2007 26 4 251 -256.
- 5 . Cd Pb Zn
3 3 1000 g Pb Cu I
Cu™" Zn 5000 mg Cd 500 mg 1996 7 2 37 —39.
6 . Cr’* Mn®*  Zn**
2 4 J. 2006 7 8
pH 65 —66.
pH 7 .
Cu I Pb I Cd I J.
2005 24 5 900 -901.
-7 8 . -
3 PbT Cu't Zn’t G 4 I 2005 14 1 103 -
WZK >KH > BG 104.
-2 SBG -1 9 .Cu Cd 2 J .
1995 24 4 437 -440.
10 YuS HeZL Huang CY etal. Adsorption-Desorp-
tion Behavior of Copper at Contaminated Levels in Red
pH Soils from China J . Journal of Environmental Quali-
ty 2002 31 1130 - 1134.
4 Pb CuZn Cd 4 11

Nea > Mo > New > Ny T 2005 36 4 628 —629.
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