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; (2000, (PE2400-1D)
5~8 , - ,
; (4°0), 48 h .
50 mg( 100
mg) Teflon , 0.8mL HF 1
, 200 mL HNOs3,  Teflon ,
185°C 24 h, Teflon ,
(G ( ) 145 C , 1 mL
) , HNOs ( ), 2 mLL HNOs 3mL
450 1~2mm 140 C 5 h,
s 100 mLL
, 60 s
2.2 BCR C D.
pH.CEC
1
Table 1 Sequential extraction procedures of heavy metal speciations in rhizospheric tailings
1 1:10( : )
2 40 mL 0. I1mol/ L
3 40 mL 0.50 mol/ L (pH=15)
4 10 mL 8.8 mol/L (pH=2—3); 50 mL 1 mol/ L (pH=2)
5
. . QA/
.80% . «1 mol/L QC . 95%
2% 0.6 mol/L . 80% +10%
3 3 +10%.
; 1 mol/L 3
2% ,0.6mol/L 3.1
2.500 ¢
s , 50 mL , C 2)
30 C 18 h . , pH 6. 41, . CEC
, 2 h 0. 132 cmol/ kg, CEC(1~5
, . 4 ( cmol/ kg ),
200 mL) . 1407C ’ ,
4.1 15 mL s 100 1.98 %,
mL. 1.50%.
10 mL, 0.2 mL ) 0.02% ~0.50%,
Rh (500 ng/mL) . CuZn.Mo Cd 0.04%~0.25% ,
ICP- 15~ 18 g/kg,

MS( Perkin Elmer ELAN DRC-e )

, 0.033%.0.01%
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4: 27 g/kg, ’
2
Table2 Chemical properties of rhizospheric tailings
pH CEC(emol/ kg) %) N PCY%) K(g/ kg)
6. 41 0.132 1. 50 0. 033 0.01 4.27
141 4—9 1—5 1.98 0.02—0. 50 0.04—0. 25 15— 18
1001
) Cu 2047 mg/kg, Zn. 90 |
Mo Cd 590 mg/kg, 10. 4 mg/kg 80
3.67 mg/ kg, 2 70}
93.5.9.6.1 37.8 (C 3), R 60
Cd , CusZn.Mo ﬁé 50 |
’ g 40 |
‘ s 30T
, 82% Cu-73% 7Zn.97% Mo 20 |
67% Cd s
O 10
. Cu 0 -
= = = = ;Zn Zn Mo
= = = = BE&RTE
i Mo = I B (20 roieds B mis s
= = = ; Cd BRE XK kud
= > = = ( 1
3, 1. Fig. 1 Geochemical fractions of heavy metals
in rhizospheric tailings
. , 3.2
6 88 % Cu. 11. 1% Zn. 0. 037% Mo Cu.Zn.Mo Cd
108% Cd , C 4),
122 mg/kg.56.1 mg/kg.0.003 mg/kg  0.405
mg/kg. ’
, Cu Cd (BCF)= /
, Cu Cd H (TF)=
[ 6
3 / .
Table 3 Total concentrations and speciations » Cd BCF (0.417) ’
of heavy metals in rhizospheric tailings mg/ kg s Mo TF
Cu Zn Mo Cd (0.764) ’
2047 590 10. 4 3.67 C 5. BCF TF
0.979 1. 09 0. 001 0. 022 1, ,
121 55.0 0. 002 0.383
44.1 35.3 0. 066 0.529 ’
146 43.3 0.172 0. 302 — —
1460 372 8.20 2.5
86. 6% 85.9% 81.2% 102% ’
15l 22 100 1.7 0. 097
* = / X 100% .
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3
Cu.Zn.Mo Cd
. 10%. 23%.
4 51% 16 % Mo-
Zn.Cd. Cu, TF (
Table 4 Total concentrations and concentrations 3), TF .
in various geochemical fractions of heavy TF .
metals in vetiver mg kg 100
Cu Zn Mo Cd 90{
68 89.8 0.72 1.53 = 8o}
18.6 10.6  0.024 0.075 ﬂ 70} e
30.3  5.68 0.268 0.141 R 60} e
26.9 1.4 0.026 0.518 lm e
.. 50 B e
283 23.8 0.060 O0.456 ‘K@ "
o 401 L
152 20.6 0.198 0.203 F—Q
. 74.5% 80.2% 79.8% 91.1% & 301
20.2 30.9  0.55 0.328 20
- i N
2.64 4.64 0.035 0.017
2.75 4.28 0.167 0.033 0 C 7 cd
4.98 15.0 0.067 0.279 u n
5.26  5.76 0.014 0.041 BESERBTE
7.10 5.24 0.146 0.033 Iﬂ]]]ﬂ]]ﬂ]]]]] HWIBINA E] BRI A SRR
77.8% 113% 78.0% 123%
. B =@FARRE EEH ZBRNE
= /X 100%
2
> Fig.2 Geochemical fractions of heavy
Table 5 Accumulation and translocation metals in the underground part of vetiver
coefficients of heavy metals in vetiver
Cu Zn Mo Cd 0.91
y 0. 8f M
BCF 0.335 0. 152 0. 069 0.417 y=1.6841x-0. 0798
0.7} o°
TF 0.043 0. 344 0. 764 0.214 R =0.9851
m 0. 6
£ 0.5
0.41
Cu.Zn.Mo Cd 0.3F
¢ 2)Cu Zn 0.2}
s Mo 061 [ . , ; . \
;Cd 10 20 30 40 50 60
ERERBESREEESLH (%)
3 TF
Fig. 3 Correlation between active proportion
Cu Zn
in the root of vetiver and TF value
;Mo ’
;Cd Cu.Zn.Mo Cd
° Py ( ) ( 4), Cll
b b
R 31%  23%;Zn Cd s
. . Cu.Zn.Cd 43%  69%;Mo
N ) 39%  34%.
. Mo Cu.Zn.-Mo Cd 24%.26%.
. 47%. 12%., Cu-Zn Mo s
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Geochemical Fractions of Heavy Metals in both Vetiveria zizanioides (L.)
Nash and Rhizospheric Copper Tailings

YANG Fei* ’, XIAO Tang-fu" ", ZHOU Lian-bi?
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(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences,
Guiyang 550002, China; 2. Beijing General Research Institute of Mining and Metallurgy, Beijing 100044, China;
3. Graduate School of Chinese Academy of Sciences, Beijing 100049)

Abstract Vetiver (Vetiveria zizanioides (L.) Nash) is a specific herbaceous plant that can grow in extreme environment. The
vetiver grass planted in Shuimuchong mine tailings of Dongguashan Copper Mine in Tongling City, Anhui Province was selected
to study the geochemical fractions of heavy metals Cu Zn, Mo and Cd in the vetiver and its rhizosphereic tailings. The major
fraction of these four metals in the rhizospheric tailings was the residual fraction. With respect to the high total concentrations
of Cu and Cds their bioavailable concentrations were far above the amounts necessary for vetiver grow th, and presented as the
primary threatening metals. Both bioconcentration factors and translocation factors of vetiver were less than one, which sug-
gested that the four metals were limited strictly from root to stem. Ethanol and water-extractable heavy metals have higher
toxicity in plants. The proportion of ethanol- and water-extractable Cu, Zn, Mo and Cd in the underground part of vetiver were
10%, 23%, 51% and 16%, respectively, whereas the aboveground part were 24%, 26%, 47%, 12%, respectively. Different
heavy metals show various distributions of geochemical fractions which were related to their specific absorption and transporta
tion by vetiveria. The geochemical fractions of heavy metals in vetiver and its rhizospheric tailings constrained its tolerance to
heavy metals which proved that vetiver is an ideal plant used for mine site restoration.

Key words: vetiver; tailings; heavy metals; geochemical fractions



