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Table 1 Basic physico-chemical properties of the test amendments

Cu Cd

R 7 Amendment 7= Hb Producing area pH(‘D . . %42 Particle size (mm)
(mgkg™") (mgkg™")
VLVG A KT
A Lime - 12.2 1.36 0.87 0.25
Yingtan Building Materials Market , Jiangxi
WAL rE R E R L)
WA Apatite " O 8.40 9.78 0. 05 0.15
Nanzhang Xintai Phosphating Factory, Hubei
WL F T 25 AL T R A
24 Montmorillonite S I an 7.42 2.19 0.09 0. 10
Fenghong Clay Chemicals Co Ltd, Huzhou,Zhejiang
bAID N = e S /N
MY A Attapulgite 8.02 31.9 0.39 0.11

Nanjing Yadong Aotu Mining Co Ltd, Jiangsu

DT 1:2.5 W Wy =1:2.5
1.2 Rigit

FH T)HE 2, < X0 b o507 VLV 48 SR TRV £
AR A /N (28°12'N, 116°55'E) , 52 BHiE K-
HHET EE R YRR, W, 24 0%
FE, AV G, B Ak S I 4 A 4 2 TS s
P LSRR O AT P 30. 8 ¢ kg ™ s Bl
%163 mg kg "5 AL T 63.7 mg kg5 H AL AT 66. 2
mg kg ™' 3 24 797 mg kg™ A R 418 mg kg T4
3 0.84 mg kg ™' ;AL 0. 65 mg kg ™' s pH( /KR
HH1:2.5)4.64; 45 1.31 g em ™5 HLAR 41 K
(% )2 ~0.05 mm,62.6;0.05 ~0.002 mm,24.6;
<0.002 mm,12.8,
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Table 2 Effect of amendments on growth of ryegrass( dry weight)

AP B Ho bR MR
Treatment Plant height Shoot biomass Root biomass
code (cm) (gplot™) (gplot™)
CK 18. O0e 6. 401 15. 8e
Sl 34.0b 294cd 841bc
S2 33.0b 459¢ 1264b
S3 39.5a 862b 2 444a
L1 27.0c 64. 9ef 159de
12 30. Sbhe 251de 610cd
L3 39. 5a 1 086a 2 754a
M1 19.7¢ 38. 5f 88.2e
M2 19. 3e 22.7f 53. 8e
M3 19.7e 50. 61 124e
Al 17.7e 10. 9f 28.9e
A2 21. 3de 21. 6f 57.7e
A3 26. 0cd 77. lef 214de

TE R IR — 1) o R AR [R] 2 7 AL B ) O 2 35 22 5, 7 R W)
FoRARENZESR (p<0.05) Note; Data suffixed with the same let-
ters in the same column mean no significant difference at p <0. 05
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Table 3 Effects of amendments on remediation of contaminated soil
Cu ¥R Cd ¥ JEg Cu Wi Cd Mt M MAC e AR X {EL
LhEfL R Cu concentration Cd concentration Cu accumulating Cd accumulating Value of relative
Treatment (mg kg™") (mgkg™") amount (mg plot ~") amount (mg plot ~!) absorption
code HLH R LUNCE S o b AR ok R o
Shoot Root Shoot Root Shoot Root Shoot Root
CK 377.0a  605.9bc 1.53abe  3.31ab 2.5lc 9.73e 0.0le 0.05e 1 1
S1 302.3 ab  496. 2bcd 1.32abed  2.51ab 86.72b  407.0c 0.38¢c 2. 14cd 40.34  40.37
S2 187. 3¢ 256. 5e 1.09cd 2.22b 85.63b 327. 6¢ 0.50b 2.86¢ 33.77 53.88
S3 261.0bc  368.9de 1.42abed 3. 13ab 225.3a 891. la 1. 16a 7.71a 91.22 142.5
Ll 172.3¢  601. 7he 0.87d 3.13ab 11. 19¢ 95. 16e 0. 06de 0.52e 8. 69 9.32
12 182.9¢ 390. 2cde 1. 06cd 2.29ab 46.89%bc¢  217.7d 0.28¢ 1.39de 21.62  26.86
L3 184. 2¢ 257. 8e 1. 0dcd 2.37ab 202. 4a 645. 1b 1.07a 5.86b 69.25 111.3
M1 313.8ab  673.2b 1. 73ab 3. 46a 10. 55¢ 61.49¢ 0. 06de 0.38e 5.89 7.07
M2 227.7be  646.9b 1.36abed  2.29ab 5. 16¢ 34.39e 0. 03de 0. 12e 3.23 2.47
M3 239.7be  580.9bed 1.46abed 2. 84ab 11. 64¢ 74.9%e 0.07de 0.38e 7.07 7.24
Al 286.7b  886.9a 1.25bed  3.42a 3.09¢ 25.53e 0.0le 0. 09 2.34 1.73
A2 250.9be  663.7b 1. 19bed 3.27ab 5.39¢ 35.46e 0.03e 0. 18e 3.34 3.24
A3 223.5be  493.9bed 1.91a 2. 86ab 15.75¢ 87.76e 0.15d 0. 54e 8.46 11.05

e RN A —F R AR R s A BRI TC B 3 25 5, AR SRR A B P22 5% (p <0.05) Note: Data suffixed with the same letters in the

same column mean no significant difference at p <0. 05
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Table 4 Effect of amendments on fractionation of Cu and Cd in the polluted soil (% )

LB Cu Cd
Treatment
code Exch® Carb®  FeMnOX?  OM® Exch Carb FeMnOX oM Res
CK 19.2a° 10. 8de 14.9¢d 19. 7he 35.4be 31.6d 3. led 18.9¢ 6. 3abede 40. 1a
S1 7. 4c 11. 8cde 17. led 10. 8d 52.9a 35.5¢ed 3.4cd 20. 9be 3. 6de 36.5a
S2 3.6d 15. 3bed 19. Obed 21. 8be 40. 4abc 28.0d 11.5b 18. 6¢ 6. Oabede 35.9a
S3 0.8d 22.6a 32.0a 29.5a 15.1d 37.1cd 21.4a 29.8a 7. 9abed 3.9¢
L1 8. 8¢ 12. 8bede  15.9cd 18. 4¢ 44. 1ab 44. 8bc 5. 6bed 28. 7ab 9.6a 11. 3be
12 7.6¢ 16. 6bc 19. 3be 22. 8be 33. 7be 31.2d 3. 2cd 23.7abc 6. 5abede 35.4a
L3 1.0d 18. 2ab 22.4b 24. 4b 34. Obc 34.7cd 7. 8bed 24.5abc 5. lbede 27.9ab
M1 19. 8a 13. 6bede  17.0cd 21. 9be 27. 7cd 51. 4ab 4. 1cd 22.7abe 8. 3abc 13. 5be
M2 13.4b 10. 9cde 14.7d 20. 6bc 40. 4abc 38. 6¢d 9.3be 16.7¢c 3. le 32.3a
M3 13. 6b 14. 4bede  16. 1cd 22.4be 33. 5be 55.9a 5. 6bed 21. 7be 7. labede 9.7¢c
Al 17. 0ab 9.5de 14.5d 18. 5¢ 40. Sabc 35. 4ced 1. 1d 19.9¢ 7. Sabede 36. 1a
A2 16. 5ab 11. 7ede 18. 2ed 20. 1be 33.5be 34. 0cd 2.1d 22. 0be 9.5ab 32.4a
A3 14.5b 9.4e 16. 4cd 19. 9be 39. 8abc 27.9d 7. 5bed 17. 3¢ 4. 2cde 43.2a

(DExch ; 38 #: 75 Exchangeable , (2)Carb : BiRlR £h 45 & 7% Carbonate bound , @FeMnOX : k45 A LM 45 & 75 Fe — Mn oxide bound , @OM ; 5 HL45 &
% Organic bound,®Res: 7R &L Residual , @78 4 [l — 5] 7= BEAR R 2R AL B R G B 3 25 5, FREAN I R A7 B 255 (p <0.05) Data suf-

fixed with the same letters in the same column mean no significant difference at p <0. 05
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Fig. 2 Effects of amendments on pH and concentrations of Cu and Cd in soil solution
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Table 5 Correlation coefficients of Cu and Cd uptake of ryegrass with concentrations of exchangeable Cu and Cd in soil and in soil solution

A BB SR U 1 R RIS AW +4
Correlation Shoot Root Soil solution Soil
coefficients Cu cd Cu cd pH Cu cd Exch-Cu Exch-Cd

PR EH [ Cu® 1

R 3R Cd® 0.432" 1

M AR Cu® 0.386" 0.173 1

R CdY 0. 206 0.137 0.558"" 1

e pH® -0.387°  -0.245  -0.724"" -0.307 1

+ BV Cu® 0.394" 0. 003 0.604°  0.393° -0.814" 1

+ ey Cd” 0.135  -0.145 0.479°*  0.222  -0.635""  0.793*" 1

+# Exch-Cu® 0.493°  0.275 0.652°*  0.396° -0.887°"  0.671°"  0.436" 1

+$ Exch-Cd® 0. 130 0.072 0. 094 0.105  -0.029  -0.165  -0.185 0. 269 1

H:n=39, %« FRKp<0.05 BPEMHE, =+ Finp<0.01 H g EAHK Notes; n =39, = Correlation is significant at the 0. 05 level, #:* Corre-

lation is significant at the 0. 01 level. (DCu in ryegrass shoot, @Cd in ryegrass shoot, 3)Cu in ryegrass root, @Cd in ryegrass root, (5Soil solution pH

®Cu in soil solution, (DCd in soil solution, @FExchangeable Cu in soil,

3 45 i
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FIELD IN-SITU REMEDIATION OF Cu-Cd POLLUTED SOIL
BY FOUR AMENDMENTS
Du Zhimin'*>** Hao Jianshe’ Zhou Jing'”’ Li Huixin® Gao Qianyuan’ Cui Hongbiao'"
Zheng Xuebo'® Ma Chao' Liang Jiani’'
(1 Institute of Soil Science, Chinese Academy of Sciences,Nanjing 210008, China)
(2 Wuhan Botanical Garden ,Chinese Academy of Sciences, Wuhan 430074 ,China)
(3 China National Red Soil Research and Development Center, Red Soil Ecological Experiment Station,
Chinese Academy of Sciences, Yingtan,Jiangxi 335211, China)
(4 College of Resoures and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)
(5 School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China)
Abstract Effects of four amendments, i. e. lime, apatite, montmorillonite and attapulgite, in in-situ remediation of

Cu-Cd contaminated soil nearby a copper smelter were studied. Ryegrass ( Lolium perenne L. ) was planted in the experi-
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ment. Plant absorbability, chemical extractability and concentrations in soil solution of Cu and Cd were cited as indices for
evaluation of remediation effect of the amendments. Besides, correlations of contents of exchangeable Cu and Cd in soil
and in soil solution with Cu and Cd uptake by ryegrass were also studied. Results show that in treatment of lime at a high
dosage (0.4% of the polluted soil of the plow layer) , ryegrass showed the best effect in enriching Cu-Cd. Lime signifi-
cantly lower toxicity of the heavy metals and promoted growth and Cu-Cd bioaccumulation of ryegrass. Amendment of lime
and apatite, in all the rate treatments, significantly decreased exchangeability of Cu in the soil; Amendment of lime, apa-
tite and montmorillonite, in all the rate treatments, increased pH of and decreased Cu and Cd concentrations in the soil so-
lution significantly. Cu concentration in the shoots and roots of ryegrass was positively related to soil exchangeable Cu and
Cu concentration in soil solution.

Key words Amendments; Heavy metal ; Ryegrass; Field remediation





