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1 pH
Tablel Copper and Zn concentrations and pHs of the Cu mine tailings and amendments
Cu (mg kg™ ") Zn (mg kg™ ")
Materials used pHl
Total Available Total Available
Mine tail ngs 2355 2.5 267 5.18 8 32
Montomorillonite 9.52 0. 55 41. 0 0.29 745
Zeolite 1.78 0. 4 27. 4 0.25 8 00
1.2 1.3 Cu2+ Zn2+
s 12 ( 1. 000 0. 001 g 30 ml
2), 4 2 kg : , 150 mg L™ ' Cu®*  Zn*™ (
(F) :2.0 g (NHg)2SOs+ 20 g CuCh  ZnCl ) 0.1
KH,PO, mol L' NaOH HCI pH
2001 10 24 ,10 29 pH ( 20~ 80 )
i 0.8g 2002 3 25 ml, CaCl 0.05
11 > mol 17! 2h s (oTh
4 19 In* , pH
, 72, 5 20 ™ Zn™ :
, , Cu2+ ZnZ+
’ - pH
, 70C ., 1.4
2 _ pH 1:25 , pH
Tale 2 Treatments of pot experiments : 0.005 mol L. 1 DTPA
Treatment code YMaterials added , HNO3;- HCIO4
CK @ ,
F + P
FM20 + 1.0% @4 F LS
SPSS ,  Duncan’ s
FM50 + 2.5% + F
FM100 + 5.0% + F
FM150 +7.5% +F 2
FM200 + 10% +F
FZ20 + 1.0% Or F 21
3
¥Z50 + 2.5% + F
, 130 d
FZ100 +5.0% +F , (CK) )
¥Z150 + 7.5% + F ,
FZ200 + 10% +F
[ 6]
1) Mass percentage; 2) 20¢g ’

(NH,) SO+ 2 0 g KH,PO, Fertilizer application rate at 2.0 g (NH,) S0,
+ 2.0 gKH,PO4 each pot; (M ine tail ngs; (2Montomorillonite; BZeolie
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Table 3 Effects of monmorillonite and zeolite on ryegrass

biomass growing in mine tailings

Dry weight of aerial part (g

Treatment wde Root weight ( g) 2.2 pH
I harvest 2nd harvest
CK 1. 34p" 2 07c¢ 0. 69
F 27 0a 9 34ab 12. 8ab (12, 13]
FM20 22 5 9 76ab 7.90cd
FM50 24 Ta 9 Sab 11. 6abe
FM100 22 Oa 9 67ab 8.91bed [ 14]
FM150 22 4a 9 O4ab 8. 17cd
FM200 25 5 8 72b 6. 60d
F720 22 2 9 47ab 7.67cd 4
FZ50 24 5 9 Rab 15.5a
FZ100 25 O 9 20ab 8. 06¢d pH ’
FZ150 25 3 9 29ab 11. 7abe ’
FZ200 24 % 10. 2a 8. 65bed
1) ’
, (p <0. 05) The same letter in the same ’
colunn means m significant diference at p <0 05 ; ) ( FM100
, 70 M 200) (FZ150  FZ200)
d, ;
( X ) o
(28d) , s
1
pH
s
s
, (CK) s pH ,
0.69 g pot ! F , pH
FM50 FZ50 FZ150
4 pH
Table 4 Concentrations of available Zn and Cu and pHs of Cu mine tailings different i treatments
Zn (mg kg™ ) Cu (mg kg™ ") pH
Treatment @de
st harvest 2nd harvest Ist harvest 2nd harvest st harvest 2nd harvest
CK 18 &7bY 26.59a 31.23 31 Oda 8.38% 7. S4a
F 17 75cd 2. 32bed 22.70cd 21 T0cd 7. 41be 7. 11b
FM20 18 36be 2. 41be 22.36¢d 21 Bed 7.21de 7. 06be
FM50 18 25he 21. 07cd 22.70cd 20 71de 7. 2%cd 7. O4bed
FM100 17 17de 19. 02¢f 23.03c¢ 19 9Be 7.32be 6. 87ef
FM150 16 2e 18. 53(g 23. 24c¢ 20 %cde 7.45 6. Pcd
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Zn (mg kg™ ") Cu (mg kg™ ') pH
Treatment @de
1t harvest 2nd harvest 1st harvest 2nd harvest 1t harvest 2nd harvest

FM200 15 15¢ 17. 41fg 22.93cd 20 48e 7. 34be 6. 9cde

F720 20 4a .37 24. 48 23 42b 7.46b 6. 86f

FZ50 18 16bed 20.92cd 22.73cd 22 lle 7. 20cde 6. 75¢

FZ100 18 66bc 20.51de 23.50bc 20 %ede 7. 28bed 6. 87ef

FZ150 16 42e 17. 04g 21. 61de 18 78f 7. 12de 6. Hdef

FZ200 16 %e 16. 85¢ 20. 83 18 05f 7.08 6. 87f

1) , , (p K0. 05) The same letter in the same colimn
means no signifi cant difference at p <0.05
, 2.3
pH
, 1 , 012+ Zn2+ 5 ,
pH S , (CK) , F
Cu2+

pH 4.0~ 5.0 , Cu®™* pH ,

5.0~ 5.5 ; (FM200 ),
pH ; , ;
Zn* pH 5.0~ 6.0, (F720 )
Zn*™ pH 6.0~ 7.0 , pH
) )
) pH ,

120
—— B4 -Cu Zeolte-Cu .
—e—F 4 -Cu Montomorillonite-Cu ’
100 & B4 -Zn Zeolite-Zn

—tr— F {5 -Zn Monmor-

g illonite-Zn
T wf :
g 2 . , ,
';3 iz 60 F 5 4 s
5 E L6l
g & , 1
2 40} -1
g. 100 mg kg
2

2 |

> >
> <
0 e k
i 2 3 4 5 6 7 B 9 ./n Cu 5
pH
1 Cu2+ Z 2+

Fig 1 Adsorption rate of Cu** and Zn*  in montmorillonite

and zeolite as affected by solution pH
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TaHe5 Zinc and Cu concenraions of ryegrass growing in Cu mie tailings amended by montmorilbnite and zeolie
Zn (mg kg™ ') Cu (mg kg™ )
Treatment code
Ist harvest 2nd harvest Root 1st harvest 2nd harvest Root
K 63. 9a" 240a 573a 9 37abe 26 Oa 654a
F 27.3d 140b 204c 9 3labe 10 5b 473be
FM20 29.3cd 143b 22c¢ 8 S57abc 10 6b 433be
FM50 31. Obed 147b 215¢ 8 abc 9.98b 476b
FM100 33. 3bed 141b 19%2cde 9 1labe 10 3b 450be
FM150 36. 3be 14% 172cde 9 06abe 11 2b 408bc
FM200 39.5b 142b 191cde 10. 2a 11 8b 400bc
720 39.3b 130b 317b 9 83ab 10 5b 481b
FZ50 32. Obed 143b 20led 7 S2c 9.89b 408bc
FZ100 3. 0b 158b 195¢d 7 91c 10 9b 457be
FZ150 34. Tbed 138b 12e 8 18bc 10 5b 404be
7200 35. 4bed 15% 129de 8 70abc 11 7b 358¢
1) s s (p <o. 05) The same letter in the same column
means no signifi cant difference at p <0.05
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RYEGRASS GROWTH IN Cu MINE TAILINGS AMENDED WITH NATURAL
MONTMORILLONITE AND ZEOLITE

Hao Xiuzhen Zhou Dongmei’ Xue Yan Chen Huaiman
( State Key Laboratory f Soil and Sustanable Agriculture, Instinute f Soil Science, Chinese Academy o Sdences, Nayging 210008, China)

Abstract In metal mining areas, mine tailings, as an accessory produd, are usually stored in a big tailings dump, de
stroying original vegetations and seriously damaging ecological systems. To restore vegeations over metal mine tailings is very dif
ficult because they are often high in heavy metal concentration, low in nutrient content and small in water retention capacity. Pot
experments were cwnduded to investigate effects of application of natural montmorillonite and zeolite as amendments to mine tailt
ings on ryegrass growth and uptake of Cu and Zn in this paper. The results indicate that the biomass of the ground part of ryegrass
did not change much but its root weight changed with the application of the two days, respectively. Chemical fertilizer was ex
tremely necessary for ryegrass growth in the mine tailings. Application of montmorillonite decreased available Zn in the mine tailt
ings, but did not affect much available Cu; application of zeolite significantly deareased both available Cu and Zn in the mine
tailings. The pHs of the mine tailings deareased with the application, but did not correlate with the change in available Cu and
Zn in the mine tailings. Copper and Zn concentrations in ryegrass root decreased with the application of the clays. However, ap
plication of montmorillonite inareased Cu uptake but did not affect Zn uptake of the ground part of ryegrass in the first and the
second harvest. Application of zeolite did not change the Cu and Zn concentrations in the ground pait of ryegrass, either.

Key words Mine tailings; Ryegrass; Heavy metal; Montmorillonie; Zeolite



