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Abstract Contamination of heavy metals from mining
causes major environmental problems all over the world,
representing threats to soil resources as well as human
health. Phytoremediation can be potentially used to reme-
diate metal-contaminated areas. This study aims to assess
the extent of metal accumulation by plants found in two
mine tailings area in Aletai in the northwest part of China.
In present study, shoots and roots of the 19 plant species
and the associated soil samples were collected. The con-
centrations of elements (Pb, Cu, Zn and Cd) of collected
samples were then analyzed using flame atomic absorption
spectrometry. The results showed that the concentrations of
Pb, Cu, Zn and Cd in total mine tailings soil varied from
311 to 1162, 74 to 3251, 1618 to 4815, and 3.37 to 34 mg/
kg, those in the plants ranged from 7.35 to 512, 20.4 to 873,
18.7 to 1279, and 0.37 to 47.6 mg/kg, respectively.
Although no plant species were identified as metal hyper-
accumulators, among those plant species collected from the
two mine tailings, Spiraea media Schmidt was most suit-
able for phytostabilization of Cu (BCF = 6.77). Poly-
gonum aviculare has the potential as a hyperaccumulator,
especially in phytoextraction for Cu. Karelinia caspica
(Pall.) Less was most effective species for phytostabiliza-
tion of Cd. These results suggested that some native plants
growing on mine tailings area may have the potential for
phytoremediation.
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Introduction

Heavy metal pollution is a concern of environmental
issues. Heavy metal contaminated soil through the food
chain to the human or animal, serious harm to human
health (Yoon et al. 2006; Gall et al. 2015). Along with the
rapid development of industrialization and the unreason-
able activities of human beings, such as mining, chemical
sewage, dust, waste gas, agricultural fertilizer and other
heavy metals through various ways enter the environment,
resulting in heavy metal pollution (Selene et al. 2003;
Atafar et al. 2010). Waste released from mines causes
major environmental problems all over the world (Nouri
et al. 2011). In these metals, lead, copper, zinc and cad-
mium are usually present together in many minerals, which
can cause pollution surrounding environment of the mining
area. Physical, chemical and biological methods are
available to remediate soils contaminated by heavy metals
(Cao et al. 2002; Zhang et al. 2015). Drainage also plays an
important role to improve soil environment for sustainable
agriculture (Valipour 2014a, b, 2015a, b; Valipour et al.
2015). Furthermore, phytoremediation removing the envi-
ronmental pollution by plants has the advantages of cost-
effective, sustainable, does not destroy the soil ecological
environment, can be carried out in the polluted area in situ
remediation (Singh et al. 2003; Davari et al. 2015). One of
the strategies of phytoremediation is phytostabilization, i.e.
certain heavy metal contaminants in soils can be concen-
trated and contained in the root zone of the plants. This
process is not to degrade but to reduce the mobility of the
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contaminant and prevent its migration to the deeper soil.
Another application of phytoremediation is phytoaccumu-
lation, also called as phytoextraction, which refers to the
extraction of metals by plant roots from contaminated soil
and then translocating them to aboveground shoots (Mor-
ikawa and Erkin 2003). In this approach, metals accumu-
lated in harvestable parts of the plant can be simply
restored from the ash that is produced after drying, and
ashing of these harvestable parts (Garbisu and Alkorta
2001).

At present, the criteria used for hyperaccumulation vary
per metal, ranging from 100 mg/kg dry mass for Cd, to
1000 mg/kg for Co, Cu, Cr, Pb and Ni, to 10,000 mg/kg for
Mn and Zn (Baker and Brooks 1989; Martinez et al. 2006).
Bioconcentration factors (BCF) and translocation factors
(TF) are more than one in the plants, which have the
potential to be used in phytoextraction, while the BCF is
greater than one, TF less than one in the plants have the
potential for phytostabilization (Yoon et al. 2006).

Over the past few decades, scientists have discovered a
large number of metal bioaccumulation potential plant
species. More than 500 species of plants are hyperaccu-
mulators of metals, and they can accumulate high con-
centrations of metal and transfer to their aboveground.
There is evidence that plants such as Brassica juncea acts
as hyperaccumulator for Ni, Pteris vittata is for As, Ipomea
alpine is for Cu and Thlaspi caerulescens is for Zn and Cd
(Sarma 2011). Arabidopsis thaliana (Delhaize 1996), B.
juncea (Bennett et al. 2003), and Vetiveria zizanioides (Shu
et al. 2002) have been successfully used for phytoremedi-
ation of mine tailings (Ernst 2005; Mendez and Maie
2008). Sedum alfredii is identified as hyperaccumulator for
Zn and Cd in China (Yang et al. 2002, 2004), which occurs
on both metalliferous and non-metalliferous soils. There
has been a continuing interest in searching for native plants
that are tolerant to metal pollutants.

In China, there are a large number of metal mines in the
process of mining caused serious pollution of metals,
mainly due to lead, copper, zinc and cadmium pollution
around the land (Lan et al. 1992; Wong 2003). Our
investigation found that there are many actively growing
plants in the soil contaminated by metallic elements,
especially in mine tailing areas, at Ashel copper—zinc mine
and Kirk Tall lead-zinc mine in Aletai, Xinjiang of China.
Compared with other plants, because of the strong growth
and stress tolerance of native plants, it is more advanta-
geous to remediate heavy metal contaminated environ-
ment. Heavy metals can cause severe phytotoxicity, and
may act as a powerful force for the evolution of the tolerant
plant populations. Therefore, it is possible to identify
metal-tolerant plant species from natural vegetation in
mine tailing areas contaminated with various metallic
elements.
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Traditional physical and chemical methods in the
remediation of heavy metal contaminated soils may bring
the second pollution, and finding a safe, environment-
friendly hyperaccumulator for phytoremediation become a
very interesting and meaningful research. In the present
study, soil and plant samples were analyzed to investigate
the Pb, Cu, Zn and Cd accumulation capability of 37 native
species collected from the two mine tailings. The concen-
trations of Pb, Cu, Zn and Cd of samples on the mine
tailing areas were determined by flame atomic absorption
spectrometry (FAAS). Furthermore, the BCF and TF were
compared for identifying the hyperaccumulator. The results
of this study should provide insights for finding the
potential plant of phytoremediation to remediate metal-
contaminated areas.

Materials and methods
Site characterization

The plant and soil samples used in this study were collected
from two mines, Ashel copper-zinc mine (latitude:
48°16'N, longitude: 86°22'E) and Kirk Tall lead—zinc mine
(latitude: 47°20'N, longitude: 89°12'E), located in Aletai,
Xinjiang of China. Ashel copper—zinc mine is famous in
China for its high Cu content in mining deposits, the alti-
tude 842 m, rainfall around 170 mm, maximum of tem-
perature 39 °C, average annual air temperature 4 °C. Kirk
Tall lead—zinc mine has the largest lead—zinc deposit in
Xinjiang, the altitude 923 m, rainfall around 158 mm,
maximum of temperature 38.7 °C, average annual air
temperature 1.9 °C. Typical vegetation is temperate desert
vegetation, including Chenopodiaceae, Compositae, Rosa-
ceae, Brassicaceae, Poaceae, Polygonaceae.

Plant sampling and analysis

Plant samples, together with the associated soil samples
were collected in the surrounding areas of mine tailing at
Ashel copper—zinc mine and Kirk Tall lead-zinc mine in
June. 5-6 plants were collected randomly within the sam-
pling area for each species. At Ashel copper-zinc mine
tailing, the collected samples consisted of 29 species and
15 families, of which 4 species belonged to Polygonaceae,
6 species belonged to Poaceae, and 4 species belonged to
Compositae, forming the dominant components in the
metal-polluted area. At Kirk Tall lead—zinc mine tailing,
the collected 17 species belongs to 8 families, of which 5
species belonged to Compositae, 3 species belonged to
Poaceae, forming the dominant component in the area.
After collection, the plants were divided into shoots and
roots. Plants samples were washed with running tap water
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and rinsed with deionized water to remove any soil parti-
cles adhered to the plant surfaces, then oven dried (70 °C)
for 48 h to constant weight. For analyzing of metal con-
centration, the dried tissues were weighed and ground into
powder and then sieved by 2-mm stainless steel sieve.
Metal contents analysis (Pb, Cu, Zn and Cd) of the plant
samples was carried out by acid digestion [HNO5;/HCIO,4
(4:1, v/v) (Deng et al. 2004)] followed by the measurement
for the concentration of each element using flame atomic
absorption spectrometry (FAAS) (HITACHI, Z-2000,
Japan).

Soil analysis

0-20 cm soil layers were collected from the root zoon of
each location. After the soil sample sending to the labo-
ratory, the large stones and plant debris were removed,
oven dried for 72 h to constant weight, and sieved through
a 2-mm mesh. For analyzing of total metals, 1 g of soil
samples were digested with 15 ml of concentrated HNO5/
HCI/HCIO,4 (1:2:2) mixture on a thermo block and then
were diluted with 5 ml of 0.2 % HNO;5 (Liu et al. 2008).
The total concentrations of the metal (Pb, Cu, Zn and Cd)
were determined in the acid extracts using FAAS.

Statistical analysis

The ability of plants to tolerate and accumulate metallic
elements is useful for phytostabilization and phytoextrac-
tion purpose, which was measured by using bioconcentra-
tion factor (BCF) and translocation factor (TF) defined as
the ratio of metal concentration in plant roots to soils
([Metal]Root/[Metal]Soil) and the ratio of metal concen-
tration in plant shoots to roots ([Metal]Shoot/[Metal]Root),
respectively (Yoon et al. 2006). The Microsoft Excel 2010
statistical program package was used for statistical analysis
of data.

Results
Metal concentrations in soils

Soils metal concentrations of eight collected soil samples at
two mine tailings are listed in Table 1. At Ashel copper—
zinc mine tailing, the soil was mainly contaminated with
Cu and Zn. Total Cu concentrations in the soil samples
collected from the site were variable, ranging from 1361 at
site 4 to 3251 mg/kg at site 2. For Zn, the lowest con-
centration is 2641 mg/kg at site 5, and the highest con-
centration is 4815 mg/kg at site 2. Although the Ashel
copper—zinc mine tailing was predominantly contaminated
with Cu and Zn in this study, it also contained elevated

concentrations of Pb and Cd, ranging from 311 to
1162 mg/kg for Pb, and from 3.37 to 16.74 mg/kg for Cd.
At Kirk Tall lead—zinc mine, the soil was mainly con-
taminated with Pb and Zn. Total Pb concentrations in the
soil samples collected from the site were variable, ranging
from 3609 at site 8 to 863 mg/kg at site 7. For Zn, the lowest
concentration is 1618 mg/kg at site 8, and the highest
concentration is 2919 mg/kg at site 7.

Pb concentration in plants

In this study, 19 selected plant samples of 37 species were
collected from 8 locations at the two mine tailings. Total
Pb concentrations in the plants ranged from 7.35 to as high
as 512 mg/kg, with the maximum value in the roots of
Karelinia caspica (Pall.) Less from site 7. In addition, the
roots of Bromus squarrosus Linn (388 mg/kg), Stipa
capillata Linn (490 mg/kg) and Spiraea media Schmidt
(308 mg/kg), the shoots of Polygonum aviculare L.
(329 mg/kg) also contained high amounts of Pb. None of
the plant species accumulated Pb above 1000 mg/kg in the
shoots, the criteria for a hyperaccumulator (Baker and
Brooks 1989) (Table 2).

Cu concentration in plants

Copper concentration in the plants varied from 20.4 to
873 mg/kg (Table 3), with the maximum value in the
shoots of Polygonum aviculare L. from site 8. None of
plant species accumulated Cu above 1000 mg/kg. Fur-
thermore, the roots of Astragalus membranaceus Fisch.
(519 mg/kg), and Achnatherum splendens Nevski.
(554 mg/kg), the shoots of Polygonum patulum M.
(485 mg/kg), Bromus squarrosus Linn. (505 mg/kg) and
Stipa capillata Linn. (552 mg/kg) also contained high
amounts of Cu. Moreover, Spiraea media Schmidt has high
Cu concentrations in both the shoots (407 mg/kg) and roots
(549 mg/kg).

Zn and Cd concentrations in plants

The content of Zn in the samples ranged from 18.75 to
1279 mg/kg (Table 4), with the maximum value in the
shoots of Karelinia caspica (Pall.) Less from site 7.
Besides, the roots of Bromus squarrosus Linn (699 mg/kg),
Leymus secalinus (Georgi) Tzvel. (431 mg/kg), and Carex
microglochin Wahl. (416 mg/kg), the shoots of Polygonum
aviculare L. (608 mg/kg), and Leymus secalinus (Georgi)
Tzvel. (316 mg/kg) also contained high amounts of Zn.
The concentration of Cd in the plants varied from 0.37
to 47.6 mg/kg (Table 5), the maximum value was found in
the root of Karelinia caspica (Pall.) Less; none of plant
species accumulated Cd above 100 mg/kg. The results of
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Table 1 Metal concentrations in soil from the two mines (mg/kg)

Mining area Site pH Pb Cu Zn Cd
Ashel copper—zinc mine 1 7.4 £ 0.01° 731.5 £ 2.03 1704.5 + 2.12 3207.5 £+ 2.14 3.37 £ 0.06
2 8.1 £ 0.03 1162.5 £+ 3.54 3251.5 £3.15 4815 £ 2.83 16.74 £+ 0.09
3 7.9 £ 0.02 311.5 £ 213 2404.5 £+ 2.03 2783 + 4.24 16.74 £+ 0.09
4 7.8 £ 0.01 591 + 1.42 1361 + 1.41 3039 + 2.83 3.37 £ 0.06
5 8.2+ 0.02 604.5 £ 2.12 1612 + 2.83 2641 + 1.44 13.72 £ 0.54
6 7.7 +£0.03 464 £ 1.43 1682 + 2.74 3992.5 + 3.54 3.37 £ 0.06
Kirk Tall lead—zinc mine 7 8.2 £ 0.01 863.5 £ 2.12 81.15 £ 1.63 2919.5 £ 2.13 3432 + 1.39
8 7.9 £ 0.02 369.5 £ 2.02 74 £ 141 1618 + 7.07 5.1 +£0.14
* Mean =+ standard deviation
:;:H)laenczi p]f;?:i;;?;lgle;strg zﬁlsﬂig Species Site Roots Shoots
two mines (mg/kg) Polygonum patulum M. 2 124.55 + 1.48° 19.75 £ 0.78
Polygonum aviculare L. 8 104.85 £ 2.76 329.25 + 3.32
Astragalus membranaceus Fisch. 1 25.6 £ 0.42 23.25 £+ 0.64
3 55.05 £ 0.78 63.95 £ 0.78
Medicago falcata L. 4 23.95 + 0.21 33.3 £ 0.57
8 146.9 £ 6.22 86.95 £+ 0.64
Bromus squarrosus Linn. 1 20.45 + 0.64 515 £ 1.13
7 388.15 + 7.85 81 £ 0.42
Stipa capillata Linn. 1 490.65 + 4.03 80.6 £ 0.57
Karelinia caspica (Pall.) Less 7 512.2 £ 15.98 69.05 + 1.06
Achnatherum splendens Nevski. 6 49.55 £ 0.35 28.5 £ 0.71
8 98.25 £ 0.64 83.7 £ 0.85
Spiraea media Schmidt Oesterr. 2 17 £ 0.42 34.55 £ 1.48
7 308.45 + 5.87 96.05 £ 0.49
Lactuca undulata Ledeb. 2 12.7 £ 0.71 16.5 £ 0.71
5 7.35 £ 0.35 13.9 £ 0.57
Carex turkestanica Rgl. 2 29 £ 0.57 16.85 + 0.92
Leymus secalinus (Georgi) Tzvel. 8 229.15 £ 2.05 109.6 £+ 0.99
Carex microglochin Wahl. 7 245.6 + 4.42 29.15 £ 0.49

Data in bold represents high amount of metallic elements and high bioconcentration factor and translo-

cation factor

% Mean = standard deviation

Cadmium concentration in the samples showed the lower
variability than that of Zn concentration of the tested
plants.

Accumulation and translocation of metals in plants

Both BCF and TF can be used to estimate a plant’s
potential for phytoremediation purpose. Among the selec-
ted 19 plants samples, Karelinia caspica (Pall.) Less col-
lected from site 7 of tailing area in Kirk Tall lead—zinc
mine has the maximum Pb concentration (512 mg/kg), but
BCEF for Pb is only 0.59 (Table 6), which does not accord
with the characteristics of hyperaccumulator.

@ Springer

Similar to Pb, none of plant species accumulated Cu
above 1000 mg/kg (Table 3). Spiraeca media Schmidt
(BCF = 6.77) shows the greatest BCF value than others
for Cu (Table 6), but its TF value is less than one.
Table 6 shows that, Polygonum  aviculare L.
(BCF = 1.01; TF = 11.72) and Achnatherum splendens
Nevski. (BCF = 3.34; TF = 1.31) have the greatest BCFs
and TFs values than others. However, the concentrations
of Cu in the roots and shoots of the plants are below
1000 mg/kg.

The highest Zn concentration of the tested plants was
1279 mg/kg, which was tested in the roots of Karelinia
caspica (Pall.) Less (Table 4). But its BCF value is only
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Table 3 Copper concentrations
in soil and plant samples from
the two mines (mg/kg)

Table 4 Zinc concentrations in
soil and plant samples from the
two mines (mg/kg)

Species Site Roots Shoots
Polygonum patulum M. 2 212.65 + 0.64* 485.45 + 1.63
Polygonum aviculare L. 8 74.55 £ 0.57 873.55 £ 2.9
Astragalus membranaceus Fisch. 1 252.1 £ 042 178.65 £+ 1.34
3 519.3 + 1.41 139.2 £ 1.56
Medicago falcata L. 4 30835+ 1.2 204 + 1.27
8 217.85 £+ 0.64 39 £ 0.57
Bromus squarrosus Linn. 1 197.25 +£ 0.78 50555+ 1.2
7 53.25 £ 0.49 219.75 +£ 0.49
Stipa capillata Linn. 1 251.6 + 0.99 5522+ 141
Karelinia caspica (Pall.) Less 7 67.3 £ 0.71 28.2 £ 1.56
Achnatherum splendens Nevski. 6 554.2 + 0.57 53 £ 141
8 246.9 + 0.99 32335+ 1.63
Spiraea media Schmidt Oesterr. 2 155.15 + 0.64 316.6 £+ 0.99
7 549.2 + 0.57 407.3 + 1.84
Lactuca undulata Ledeb. 2 52.5 £ 0.71 50.2 + 1.56
5 129.15 £+ 0.35 5895 £ 1.2
Carex turkestanica Rgl. 2 372.9 £+ 0.99 90.35 £ 1.2
Leymus secalinus (Georgi) Tzvel. 8 298 + 0.99 245.25 £ 0.92
Carex microglochin Wahl. 7 280.7 + 1.13 68.25 £+ 0.78

Data in bold represents high amount of metallic elements and high bioconcentration factor and translo-

cation factor

# Mean = standard deviation

Species Site Roots Shoots
Polygonum patulum M. 2 542 + 0.57* 12425 £ 1.2
Polygonum aviculare L. 8 82.95 + 0.78 608.35 + 2.05
Astragalus membranaceus Fisch. 1 89.85 + 0.64 4275 £ 0.63
3 133.9 £ 0.42 38.05 £ 0.49
Medicago falcata L. 4 259 £ 0.57 18.95 £ 0.92
8 255.6 £ 0.96 104.65 + 0.92
Bromus squarrosus Linn. 1 75.25 £ 0.78 1254 £ 1.13
7 699.5 + 2.4 229.85 + 0.77
Stipa capillata Linn. 1 214.1 £ 0.28 190.9 £ 0.85
Karelinia caspica (Pall.) Less 7 1279.35 + 1.63 102.7 + 0.99
Achnatherum splendens Nevski. 6 169.85 £+ 1.06 24.75 £ 0.92
8 206.25 + 1.48 23.1 £1.23
Spiraea media Schmidt Oesterr. 2 43.2 + 0.57 37.15 £ 1.48
7 220.6 £+ 0.69 128.55 + 1.63
Lactuca undulata Ledeb. 2 18.9 + 0.85 18.75 £ 1.06
5 45.25 £ 0.78 41.75 + 1.06
Carex turkestanica Rgl. 2 78.2 £ 0.99 25.25 £ 0.21
Leymus secalinus (Georgi) Tzvel. 8 431.6 £ 0.99 316.45 + 1.48
Carex microglochin Wahl. 7 416.6 £+ 0.98 23.15 £ 0.49

Data in bold represents high amount of metallic elements and high bioconcentration factor and translo-

cation factor

# Mean =+ standard deviation
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0.44, which was the highest BCF value found in tested
plants (Table 6). The largest TF value of Zn was found in
Polygonum aviculare L. (TF = 7.33).

As for Cd, Table 6 also shows that Polygonum patulum
M. (TF = 2.15) and Polygonum aviculare L. (TF = 1.5)
have greater TF value than one. However, the concentra-
tions of Cd in the shoots are relatively lower (2—6.69 mg/
kg). As shown in Tables 5 and 6, Karelinia caspica (Pall.)

Table 5 Cadmium concentrations in soil and plant samples from the
two mines (mg/kg)

Species Site  Roots Shoots
Polygonum patulum M. 2 1 +0.14* 2.15£0.21
Polygonum aviculare L. 8 445 £ 0.07 6.69 +£0.13
Astragalus membranaceus Fisch. 1 1.1 £0.14 0.75 £ 0.07
3 121 £ 0.15 248 £0.11
Medicago falcata L. 4 0.7 £ 0.14 0.37 £ 0.09
8 2.7 +£0.14 125+ 0.07
Bromus squarrosus Linn. 1 1.53 £ 0.04 0.68 £ 0.11
7 9.55+£0.06 0.85+ 0.07
Stipa capillata Linn. 1 1.16 + 0.08 1+£0.14
Karelinia caspica (Pall.) Less 7 47.6 = 0.42 13 £0.14
Achnatherum splendens Nevski. 6 1.45 £ 0.07 0.76 £ 0.08
8 22 +0.14 1.2 +£0.13
Spiraea media Schmidt Oesterr. 2 0.76 £ 0.08 0.67 &+ 0.09
7 1.68 £0.25 1.05£0.21
Lactuca undulata Ledeb. 2 0.7 £ 0.14 1 +£0.14
5 1.05 £ 0.07 122 £0.02
Carex turkestanica Rgl. 2 2,15+ 021 1.12 £0.16
Leymus secalinus (Georgi) 8 8.85 £ 0.07 3.8 +£0.14
Tzvel.
Carex microglochin Wahl. 7 9.7 £0.14 1.35 £0.07

Data in bold represents high amount of metallic elements and high
bioconcentration factor and translocation factor

* Mean = standard deviation

Less (47.6 mg/kg in the root, BCF = 1.38) was found to
have a potential for Cd accumulation.

Discussion

In the present study, the contaminated fields were located
in two mine tailings. Soil samples were highly contami-
nated with Pb, Cu, Zn and Cd due to mining activities.
Based on total fractions in soil, 100400 mg/kg Pb,
60-125 mg/kg Cu, 70-400 mg/kg Zn, and 3-8 mg/kg Cd
considered toxic to plants have been reported (Deng et al.
2004). The metal (Pb, Cu, Zn and Cd) contents in the
surrounding area of mine tailings greatly exceed these
ranges (Table 1); therefore, 19 plant species grown in these
contaminated sites showed high metal tolerance.

Normal and phytotoxic concentrations of Pb, Zn and Cu
were reported (Shi et al. 2011; Yoon et al. 2006), which
were 0.5-10 and 30-300 mg/kg for Pb, 3-30 and
20-100 mg/kg for Cu, and 10-150 and >100 mg/kg for Zn.
Almost all collected plant species showed higher heavy
metal concentration than the normal or phytotoxic levels.
These results indicated that the species grown in the mine
tailings were tolerant to these metals with varying degrees.

Metal concentration in plants growing in uncontami-
nated soils were 0.5-10 mg/kg for Pb, whereas the highest
metal concentration in plants growing in contaminated
soils has been reported as 1506 mg/kg for Pb (Yoon et al.
2006). The present study shows that plants grown in the
Pb-contaminated areas usually contained higher concen-
trations of the metal than that of the uncontaminated soils
(Table 2). In our study, although some plants have the
ability to accumulate Pb (Table 2), such as Karelinia
caspica (Pall.) Less (512 mg/kg in root), Bromus squar-
rosus Linn (388 mg/kg), Stipa capillata Linn (490 mg/kg),
the Pb concentrations in roots and shoots of all tested plants

Table 6 Accumulation and
translocation of Pb, Cu, Zn and
Cd in selected plants

Species Site  Bioconcentration factor (BCF) Translocation factor (TF)
Pb Cu Zn Cd Pb Cu Zn Cd
Polygonum patulum M. 2 0.11 0.07 0.01 0.06 0.16 228 229 215
Polygonum aviculare L. 8 0.28 1.01 0.05 0.87 314 11.72 733 1.50
Bromus squarrosus Linn. 1 0.03 0.12 0.02 0.45 252 256 1.67 044
7 0.45 0.65 0.24 0.28 0.21 413 033 0.09
Stipa capillata Linn. 1 0.67 0.15 0.07 0.34 0.16 219 089 0.87
Karelinia caspica (Pall.) Less 7 0.59 0.83 0.44 1.38 0.13 042 0.08 0.28
Achnatherum splendens Nevski. 8 0.27 3.34 0.13 0.43 0.85 131 0.11 0.5
Spiraea media Schmidt Oesterr. 2 0.11 0.05 0.01 0.05 1.13 2.04 0.86 0.88
7 0.36 6.77 0.08 0.05 0.31 0.74 0.58 0.63
Average 0.32 1.44 0.12 0.43 096 3.04 157 0.82

Data in bold represents high amount of metallic elements and high bioconcentration factor and translo-

cation factor
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were below 1000 mg/kg. Stoltz and Greger (2002) reported
a similar range of 3.4-920 mg/kg of Pb concentrations in
the wetland plant species collected from mine tailings. The
results indicated that low mobility of Pb from the soil to the
roots and shoots.

Copper is essential for plants growth, but it will cause toxic
effects when accumulation level of Cu in shoots or leaves
exceeds 20 mg/kg (Borkert et al. 1998). Several authors have
investigated the accumulation of Cu by native plants species
on contaminated sites (Liu et al. 2008; Nouri et al. 2009). Liu
et al. (2008) investigated 19 plants growing on contaminated
sites in Pb mine area, Heqing County, Yunnan Province; the
highest Cu in shoots of Polygonum rude was approximately
570 mg/kg. The values of Cu accumulation in this study were
all higher than 20 mg/kg. The highest Cu concentration in the
shoot of Polygonum aviculare L. was 873 mg/kg (Table 3).
The majority of Cu values in this study were below or similar
to the above-mentioned Cu concentration.

Zinc is an essential element for all plants. Comparing
with the threshold of zinc toxicity (>100 mg/kg) to plants,
Zn accumulation by some of the plants studied exceeded
the critical level. The results showed that some plant spe-
cies could tolerate excess Zn in their shoots. As for Cd,
Karelinia caspica (Pall.) Less was the only species accu-
mulating Cd (47.6 mg/kg in root) higher than the toxic
levels (10 mg/kg, Macnicol and Beckett 1985) in their
tissues. Metal concentration above the level of toxicity in
some species indicated that internal metal detoxification
tolerance mechanisms might exist in these plants.

Phytoremediation is defined as the use of green plants to
remove, contain, or render environmental contaminants
harmless. One reason for using plants for remediation
concerns the relatively low cost and maintenance require-
ments (Cunningham and Berti 1993). Phytoremediation has
been used in mined soil restoration since these soils are
sources of air and water pollution using phytoestabilization
and phytoextraction techniques (Wong 2003). The ability
of different plants to take up metals from soils and transfer
it to the shoots is compared with the levels of BCF and TF.
Hyperaccumulators can take up and translocate metals to
their aboveground. The TF value of the plant, especially
the BCF value of less than one, is not suitable for phy-
toextraction (Fitz and Wenzel 2002). In this study, the plant
species collected from the contaminated sites differed
greatly in their capacity of metal accumulation. Based on
the average BCFs of the tested plant samples from two
mine tailings (Table 6), plant roots were most efficient in
accumulating Cu (BCF = 1.44), followed by Cd (0.43), Pb
(0.32), and Zn (0.12). Based on the average TFs, the tested
plants were most efficient in translocating Cu (TF = 3.04),
followed by Zn (1.57), Pb (0.96), and Cd (0.82). For the
tested metals, the plants growing on the mine tailing site
were most efficient in taking up and translocating Cu.

Since Cu is essential nutrients for plant systems, higher
translocation from roots to shoots is understandable.

Plants with bioconcentration factor greater than one and
translocation factor less than one (BCF >1 and TF <1) have
the potential for phytostabilization (Yoon et al. 2006). Phy-
tostabilization can be used to minimize migration of con-
taminants in soils. This process relies on a principle that plant
roots have the ability to alter environmental conditions via
root exudates. Plants can immobilize metals through absorp-
tion and accumulation by roots, adsorption onto roots (Susarla
et al. 2002). Although no metal hyperaccumulators were
found in our study, some interesting observations were noted.
Karelinia caspica (Pall.) Less could take up 47.6 mg/kg of Cd
(BCF = 1.38) in their roots (Table 5), which might be con-
sidered as potential species of Cd phytostabilization. Exam-
ples of such plants in our study also included Spiraea media
Schmidt for Cu (Table 6). Spiraea media Schmidt had high
Cu concentrations in both the shoots (407 mg/kg) and roots
(549 mg/kg), with 6.77 of BCF and 0.74 of TF, which has
potential to be used for phytostabilization. By taking advan-
tage of metal-tolerant plant species for stabilizing contami-
nants in soil, particularly metals, it could also provide
improved conditions for natural attenuation or stabilization of
contaminants in the mine tailings. Phytostabilization might be
the most appropriate way to remediate mine tailings and other
metal contaminated lands.

BCF and TF are more than one of the plants, which have
the potential to be used in phytoextraction. At the same
time, according to the different capacities of metal uptake,
species with the ability of accumulating relatively high
metal concentrations in the aboveground tissues could be
good candidates for phytoextraction. Phytoextraction aims
at decreasing the metal concentration in soil via removal by
the plant. Polygonum aviculare L. with 1.01 of BCF and
11.72 of TF has potential to be used for phytoextraction,
which is not hyperaccumulator for Cu because the accu-
mulating concentrations in the root and shoot are lower
than 1000 mg/kg. However, as shown in Table 3, the
concentration of Cu in the shoot of Polygonum aviculare L.
was 873 mg/kg, which is close to the criteria of hyperac-
cumulator. Considering contained higher amounts of Cu
(873 mg/kg) in Polygonum aviculare L. and its BCF and
TF are more than one, it is concluded that it has the
potential to act as a hyperaccumulator. In addition, Ach-
natherum splendens Nevski with 3.34 of BCF and 1.31 of
TF has potential to be used for phytoextraction.

Conclusions
This study was performed to screen plants growing on Ashel

copper—zinc mine and Kirk Tall lead—zinc mine tailings to
determine their potential for metal accumulation. Only
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species with both BCFs and TFs greater than one have the
potential to be used for phytoextraction. Among the 19
selected plant samples screened, no plant species were iden-
tified as metal hyperaccumulators. However, several plants
had BCFs and/or TFs greater than one. Among those plant
species collected from the mining tailing, Spiraea media
Schmidt was considered as the most effective species for
phytostabilization of Cu. Polygonum aviculare has the
potential to as a hyperaccumulator, especially in phytoex-
traction for Cu. Karelinia caspica (Pall.) Less was most
effective species for phytostabilization of Cd. The potential
use of these plant species in phytoremediation, especially for
use in mine tailing areas, needs to be further investigated.
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