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Abstract. Environmental pollution with heavy metals is a global disaster that is related to
human activities. This study was conducted to determine the extent of heavy metals
accumulation by plant species in Lia industrial city (Qazvin, Iran) and to investigate the
remediative capacity of native plant species grown in the contaminated soils. Soil and
industrial wastewater sampling was done radially along transects with 300 m intervals
from exit point of wastewater at three sites. In each sampling point, along 100 m transects
within 5x2 m plots, the plant samples and soil samples were collected in depth of 0-20 cm
and 20-40 cm from rhizosphere zone. Concentration of copper, zinc and chromium in root
and shoot of 11 plant species, soil and wastewater were analyzed in three sits for
mentioned metals. Bio Concentration factors and translocation factor were determined to
ensure phytoremediation availability. Results showed that the concentrations of metals in
the soil and wastewater greatly exceeded the threshold limit values. The contents of metals
in soils ranged in the order of Cr>Zn>Cu and in wastewater were in the order of
Zn>Cr>Cu, respectively. Results showed that Scirpus maritimus L. and Phragmites
australis (Cav.) Trin. ex Steudel presented the highest accumulation of Zn, Cu and Cr in
their root tissues which were suitable for phytostabilization (with a high BCF couple with
low TF). The lowest extractable Zn (7.24 and 3.29 mgkg™ for shoot and root respectively,
BCF=0.07) and extractable Cu (2.56 and 2.80 mgkg™ for shoot and root respectively,
BCF=0.14) were related to Hordeum glaucum L. Moreover, the relatively lowest values of
Cr were measured for Taraxacum officinale L. Results indicated that the species, which
had low metal bioaccumulation in their roots and high TF, could play important roles for
removal of heavy metals through phytoextraction.
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Introduction

Contamination of soils with toxic heavy
metals is a major environmental problem
that can affect both plant productivity and
safety as food and feed crops (Alloway,
1990; Kabata-Pendias, 2001). In fact,
heavy metals have a significant toxicity
for humans, animals, microorganisms and
plants (Hernandez-Ochoa et al., 2005;
Bodar et al., 2006; Fotakis and Timbrell,
2006; Ok et al., 2011). Many methods,
including removal, incineration and
removal followed by thermal desorption,
have been used for the cleanup of
contaminated soils (Joner and Leyval,
2001). In this way, phytoremediation,
using plant species to restore the
deteriorated soils, is a promising
technology in cleanup of polluted sites
due to less destructive, low cost and
environmentally friendly nature (Wang et
al., 2012) and it can be categorized into
two different approaches: (i)
phytoextraction, metal accumulating
species are planted on a contaminated soil
and later harvested in order to remove
metals from the soil (Salt et al., 1995
;Yoon et al. 2006; Usman and Mohamed,
2009), and ii) phytostabilization, metal-
tolerant species are used to reduce the
mobility of metals, thus, the metals are
stabilized in the substrate (Salt et al.,
1995; Abdel-Ghani et al, 2007,
Antosiewicz et al., 2008).

Some metallophytes are called
hyperaccumulators, as these plant species
can accumulate very high metal
concentrations in their aerial tissues,
besides normal levels found in most
species (Baker and Brooks, 1989). There
are also some plant species called
excluders that can restrict the uptake and
transport of elements between roots and
shoots, maintaining low metal levels
inside plant body over a wide range of
external concentrations (Baker, 1981).
Depending on the ability of plant species
used as a phytoremediation to accumulate
and tolerate heavy metals, plants are
classified into three categories of
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hyperaccumulators, indicators  and
excluders (Ghosh and Singh, 2005).

Hyperaccumulators can accumulate
very high metal concentrations in their
aerial tissues, besides normal levels found
in most species (Baker and Brooks,
1989). Indicators can uptake and
transport heavy metals to aerial tissues
regularly, so that tissue concentrations are
proportional to  environmental
concentrations (Greger, 1999; Ghosh and
Singh, 2005). Excluders can restrict
uptake and transport of elements between
roots and shoots, maintaining low metal
levels inside plant body over a wide
range of external concentrations (Baker,
1981). The ability of selecting species of
plants, which are either resistant to heavy
metals, or can accumulate great amounts
of them, would certainly facilitate
reclamation of contaminated areas
(Chehregani et al., 2009; Lasat, 2002).
Since native plant species can survive
better under toxic metal stress compared
to invasive plant species, it is possible to
identify hyperaccumulators among native
species in contaminated areas (Yoon et
al., 2006; Nouri et al., 2011). This study
was conducted to determine the
concentrations of Zn, Cu and Cr in
species growing in contaminated soils of
Lia industrial city and to identify the
remediation ability of native plant species
for phytoremediation purpose.

Materials and Methods

Study area

The study area was located at Lia
industrial city, Qazvin Province, Iran.
This area was designed for agriculture
and industrial purposes. The coldest and
hottest months are February and July
whose mean temperatures are, 7.2°C and
21.7°C, respectively, with an annual
mean temperature of 13.9°C. The annual
mean rainfall is 321.5 mm and the soil is
classified as aridisols. Industrialization in
this area has exposed the soil to various
effluent inputs including heavy metals.
This has resulted in contamination of the
soils which need to be improved.



Sampling method
Sampling was carried out from May
(2009) to February (2010). Sampling was
done along transects with 300 m intervals
in three locations due to the widespread
of wastewater in the area. Samples were
taken from plant, industrial wastewater
and sediment. In each sampling point,
based on the vegetative state and cover
area, a total of 11 plant species were
collected from three locations (along 100
m transects within 5x2m plots (according
to dominant plant species, Bonanno et al.,
2010) (Table 1) with their corresponding
soils. The collected plant samples were
washed with tap water to remove
sediments and quickly transported in
plastic bags to the laboratory for analysis.
Industrial wastewater and sediment
samples were collected at each sampling
point. Industrial wastewater samples were
collected in 0.5L clean polyethylene
bottles and kept at 3°C until analysis
(Bonanno et al., 2010). Sediment samples
were collected using a stainless steel
collector at about 0—20cm and 20-40cm
depths of soils from each sampling point.

Metal content analysis

The washed plant samples were divided
into roots and shoots to recognize the
different bioaccumulation capability. As
the second step, samples were oven dried
at 70 °C to a constant weight for
approximately 48h and ground into fine
powder (Yang et al., 2009). Copper (Cu),
Zinc (Zn) and Chromium (Cr) were
analyzed after mineralization of 400 mg
dry shoot material in a microwave oven
with 5 ml of nitric acid (69% v/v), 5 ml
deionized water and 2 ml H,O, (30%
v/v). The digest was made to 25ml final
volume with deionized water, filtered
(0.45 mm, Millipore) and then analyzed
for Zn, Cu and Cr using ICP/OES (Du
Laing et al., 2003). Prior to analysis,
industrial  wastewater samples were
passed through Whatman filters. Dried
sediment samples were passed through a
2mm diameter sieve. About 100 mg dry
sediment was digested with HNO3; and
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HCI (3:1) in a microwave oven. (Du
Laing et al., 2003). After mineralization,
the samples were diluted, filtered and
analyzed. Metal concentrations (Zn, Cu,
Cr) of sediment samples (Table 2) and
wastewater (Table 3) were measured as
described for the plant samples. All the
analyses were performed in five
replicates.

Phytoextraction efficiency

The Bio Concentration Factor (BCF) and
Translocation  Factor  (TF)  were
calculated to determine the heavy metals
phytoextraction  efficiency  (Wilkins,
1978; Zayed et al., 1998; Mattina et al.,
2003; Yoon et al., 2006). The BCF
expresses the ability of a plant to
accumulate metal from soils (Metal in
root DW (Dry Weight)/Metal in soil DW
(Dry Weight)) (Yoon et al., 2006) and TF
is the capacity of a plant to transfer metal
from its roots to shoots (Metal in shoot
DW/Metal in root DW) (Santillan et al.,
2010).

Statistical analysis

All data were checked for their normality
and homogeneity of variance, and where
necessary, data were log-transformed
before statistical analysis. Statistical
significance was computed by analysis of
variance (ANOVA) at p<0.05. Regarding
plants data, the statistical model was
based on two groups (root and shoot),
and aimed to show whether plant organs
triggered a different accumulation pattern
of a given trace element. Duncan test post
hoc analysis was performed to define
which  specific mean pairs were
significantly different. The ANOVA for
industrial wastewater and sediment
considered three groups (Zn, Cu, Cr) in
order to detect significant different levels
of concentration within the same kind of
sample. The difference of metals
concentration between soil sampling
depths was analyzed by Student’s t-test.
All  statistical ~ calculations  were
performed using SPSS 16.0 software.
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Table 1. Native plant species in surrounding area of Lia region

Family Plant Species
Cyperaceae Scirpus maritimus
Poaceae Phragmites australis, Hordeum glaucum, Bromus tectorum, Poa bulbosa

Polygonaceae
Alismataceae
Brassicaceae
Asteraceae
Euphorbiaceae

Polygonum lapathifolium
Alisma plantago-aquatica
Cardaria draba
Lactuca orientalis, Taraxacum officinale
Euphorbia helioscopia

Results
Soil and wastewater Characteristic
Chemical analysis of soil including cation
exchange capacity (Bower and Hatcher
method; Bower and Hatcher, 1966), total
N (Kjeldahl method; Black, 1965),
organic carbon content (Walkley-Black
method; Walkley and Black,1934), EC
(solid: deionized water = 1:2 wlv;
Rowell, 1993), pH (1:1 soil/ water ratio;
Thomas, 1996) and CaCOj; equivalent
(Drouineau and Galet method; Loeppert
and Suarez, 1996) are listed in Table 2.
Acidity (pH) and Electrical
Conductivity (EC) showed that the soils
are categorized in salin sodic soils and
are poor in terms of organic matter (less
than one percent). The texture of the soils
was clay to clay loam and due to low
organic materials, clay particles had a

Table 2. Chemical and physical characteristics of soil

special role in the soils. The metals
content in soil of the studied area greatly
exceeded the threshold limit value
(2758.50-74.36 mgkg™ Zn, 436.76-85.38
mgkg® Cu and 1549.6-215 mgkg™ Cr
(Table 3). The concentration of metals
decreased in industrial wastewater and
was in order of Zn > Cu >Cr (Table 4)
the level of Zn was higher than the levels
of Cu and followed by Cr. Although
analyzed metal contents in soils and
wastewater were highly variable, no
significant variation concentration levels
were observed for the metals during the
experimental period among locations
(sites 1, 2 and 3). Metal concentrations in
the 0-20 cm depth showed higher
concentrations of metals than that for the
top soil (Table 3).

Site Texture Depth CEC N oC EC pH CaCO;
(cm) (meq) (%) (%) (dsm™) (%)
1 Clay loam 0-20 36.00 0.10 0.12 2.24 8.41 12.28
Clay 20-40 45.04 0.06 0.15 3.46 8.30 14.04
2 Clay loam 0-20 26.08 0.15 0.13 2.37 8.37 13.95
Clay 20-40 47.39 0.13 0.15 3.33 8.85 16.46
3 Clay 0-20 48.69 0.08 0.13 2.78 8.42 13.27
Clay loam 20-40 29.34 0.06 0.16 3.05 8.89 15.33
Table 3. Mean concentrations of Zn, Cu and Cr (mg kg™) in soil sediments
Site Depth (cm) Cr (mg kg% Cu (mg kg™ Zn (mg kgh
1 0-20 1549.60 + 9.50 a (a) 436.76 + 450 a (c) 725.04 +7.50 a (b)
20-40 369.36 + 7.50 b (a) 209.16 + 6.20 b (b) 375.70 +6.00 b (a)
2 0-20 674.44 £7.50 a (a) 269.68 £ 60.0 a (b) 265.20 £ 6.00 a (b)
20-40 215.00 +6.20 b (a) 85.38 + 3.20 b (b) 74.36 +0.10 b (b)
3 0-20 725.08 + 7.50 a (b) 280.16 +6.00 a () 2758.50 + 9.20 a (a)
20-40 229.49 +6.00 b (a) 106.04 + 3.20 b (b) 181.94 + 6.00 b (a)

Note: Mean values are reported with SD (Standard Deviation)
Means with the same letter for soil sampling depth (column) are not significantly different (p< 0.05)
Means in parenthesis with the same letter for element concentration (row) are not significantly different (p< 0.05)
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Table 4. Mean concentrations of metals (mg L™) in industrial wastewater

Site Cr(mgL™ Cu(mg L™ Zn (mg L™
1 20.07 + 0.05 a (b) 11.77+0.02a (0) 31.61+0.022(a)
2 24.35+0.05a (b) 1499 +0.01 a (c) 34.35+0.01a(a)
3 21.83+0.01 a (b) 13.53 + 0.06 a (c) 40.94 +0.40 a (a)

Note: Mean values are reported with SD (Standard Deviation)
Means with the same letter for soil sampling site (column) are not significantly different (p< 0.05)
Means in parenthesis with the same letter for element concentration (row) are not significantly different (p< 0.05)

Metal concentration in plant tissues obtained for shoot and root in H.

and BCF and TF coefficients
Eleven plant species were identified in
the study area (Table 1) that belong to
different plant families. The data showed
that the metal contents in the plant tissues
differed among species at the polluted
sites indicating their different capacities
for metal uptake (Tables 5, 6, 7). The
species with the highest Zn, Cu and Cr
concentration for shoots and roots were S.
maritimus and P. australis, respectively
and metal concentrations were above the
phytotoxic range in both species

Zinc concentration in roots of the
plants varied from 3.29-238.50 mg kg™
and the level of Zn in shoots was from
7.24-93.16 mg kg™ that the highest BCF
of Zn was obtained for S. maritimus and
P. australis with average values of 5.4
and 4.7 and the lowest values of TF were
0.41 and 0.39 respectively. The lowest
extractable Zinc with average values of
7.24 mgkg' and 3.29 mgkgt was

glaucum, respectively.

With regard to copper concentrations,
in shoots of the plants, Cu varied from
2.56-43.40 mg kg and in root tissues,
whereas the level of Cu ranged from
2.80-73.06 mg kg™ in the root tissues.
The highest BCF values of Cu with
average values of 3.85 and 3.05 were
obtained for S. maritimus and P.
australis, respectively. P. australis with
average values of 0.74 had the lowest TF
coefficient. The lowest extractable Cu
with average values of 2.56 and 2.80
mgkg™ were obtained for shoot and root
in H. glaucum, respectively (BCF=0.14).
The Chromium concentrations in shoot
and root ranged from 2.90-8.50 mgkg™
and 3.44 to 296 mgkg®, respectively
coupled with the highest BCF values of
19.70 and 4.26 for S. maritimus and P.
australis, respectively. The lowest Bio
Concentration Factor (BCF) of chromium
with average values of 0.22 was obtained
in T. officinale.

Table 5. Zinc concentration (mgkg™) and coefficient in plant samples

Species Shoot Root TF BCF

Phragmites australis 86.59 210.35 041c 470 a
Scirpus maritimus 93.16 238.50 0.39c¢c 540a
Polygonum lapathifolium 51.80 31.21 1.66b 0.70b
Cardaria draba 14.45 41.16 2.80Db 0.93b
Alisma plantago-aquatica 66.40 13.64 4.80a 0.31c

Hordeum glaucum 7.24 3.29 2.20b 0.07e

Bromus tectorum 52.60 42.07 124D 0.95b
Lactuca orientalis 51.20 41.09 124D 0.73b
Poa bulbosa 34.60 19.86 1.74Db 0.45 bc
Taraxacum officinale 59.30 41.70 142D 0.82b
Euphorbia spp 66.24 45.78 1.44b 0.63 b

Means with the same letter in each column are not significantly different (p< 0.05)
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Table 6. Copper concentrations (mgkg™) and coefficient in plant samples

Species Shoot Root TF BCF
Phragmites australis 43.40 58.00 0.74c 3.05a
Scirpus maritimus 32.55 73.06 044c 3.84a
Polygonum lapathifolium 6.40 4.47 1.43b 0.22¢
Cardaria draba 26.40 9.30 2.83b 0.48c
Alisma plantago-aquatica 16.71 3.40 4,90 a 0.20c
Hordeum glaucum 2.56 2.80 0.90ch 0.14c
Bromus tectorum 34.40 17.50 1.96 b 0.87b
Lactuca orientalis 16.14 7.55 2.13b 0.37c
Poa bulbosa 3.30 4.70 0.70b 0.23¢
Taraxacum officinale 25.80 22.60 1.14b 0.86 b
Euphorbia spp 25.95 18.60 1.39b 0.91b

Means with the same letter in each column are not significantly different (p< 0.05)

Table 7. Chromium concentrations (mgkg™) and coefficient in plant samples

Species Shoot Root TF BCF

Phragmites australis 50.40 63.90 0.78 c 426 a
Scirpus maritimus 85.00 296.0 0.28d 19.70 b
Polygonum lapathifolium 21.03 8.50 247b 0.56 ¢
Cardaria draba 12.39 10.03 1.23b 0.66 c
Alisma plantago-aquatica 18.50 6.60 2.80b 0.44c
Hordeum glaucum 21.30 4.58 4.60 a 0.30c
Bromus tectorum 11.70 8.27 141b 0.55¢c
Lactuca orientalis 2.90 5.80 0.50c 0.38¢c
Poa bulbosa 4.70 12.30 0.38d 0.82c
Taraxacum officinale 7.70 3.44 2.23b 0.22¢
Euphorbia spp 12.50 9.81 1.27b 0.65c

Means with the same letter in each column are not significantly different (p< 0.05)

Discussion and Conclusion
Contaminated soil with toxic heavy
metals is a serious environmental
problem, which may be solved with
phytoaccumulation. In  this  study,
analyzed metal contents in soils (100-400
mgkg™ Zn, Cu 60-125 mgkg™ and 75—
100mgkg™ Cr, Alloway, 1990) and
wastewater (Zn>10 mgLi?, Cr > 0.5
mgLi? and Cu>1 mgLi?, U.S. EPA,
1993) were found to be high (Table 3).
ANOVA results of soil and
wastewater samples showed that there
were no significant differences among
samples at three sites (p<0.05); it might
be due to the monotonous distribution of
heavy metals at the profile of soil and
relatively high availability in the
sediments and wastewater. The results
demonstrated that some plants could
tolerate a wide range of metal
concentrations in the soils. According to
Alloway (1990), Zn, Cu and Cr at high
threshold limits would be considered
toxic to plants based on total fractions in

soil. The metals contents in the study area
of Lia greatly exceeded these ranges
(Tables 5, 6, 7); therefore, the 11 plant
species grown in these contaminated sites
exhibited high metals tolerance. The
species with the highest heavy metals
concentration for shoots and roots were S.
maritimus and P. australis, respectively
and metal concentrations were above the
phytotoxic range (100-400 mgkg™ Zn,
20-100 mgkg™ Cu and 5-30 mgkg™ Cr) in
both species (Kabata-Pendias, 2001).
Metal concentrations in plants vary
with plant species (Alloway et al., 1990).
BCFs were calculated to assess
concentrations in roots to environmental
loading. In this study, metals in S.
maritimus and P. australis were
accumulated in roots with concentrations
greater than was found in adjacent
sediments with BCF of >1. The dominant
uptake pathway of metals from the
sediment was via the rhizosphere system.
It is generally known that most metals
tend to accumulate in the roots rather



than in shoots (Fitzgerald et al., 2003),
which suggests that the plants adopt
either external or internal exclusion
mechanisms to hinder translocation of
metals to the aerial tissues (Hansel et al.,
2001). Khan et al., (2009) in their
study for the purification of industrial
wastewater by ~ macrophyte  species
reported the highest bioconcentrations
factor of chromium (3.5) for the P.
australis. These researchers introduced
species with BCF of >1 suitable for the
purification of contaminated soils. TFs
were calculated to enable the assessment
of transport of accumulated metals from
root to shoot and the ability of
phytoremediation has commonly been
characterized by TF (Yoon et al., 2006;
Usman and Mohamed 2009), in this study
metals in shoots of S. maritimus and P.
australis were lower than half that of root
comparing with other plants. The
relatively low accumulation of heavy
metals in shoot tissues was probably due
to the need of plants to prevent toxicity to
the photosynthetic apparatus as suggested
by other authors (Stoltz and Greger,
2002; Bragato et al., 2006). The root of
plant species are mainly responsible for
heavy metal phytoextraction and plants
species with TF<1 have the potential for
phytostabilization (Yoon et al., 2006;
Usman et al., 2012), because in this
process the metal tolerant plant species
immobilize heavy metals through
absorption and accumulation by roots,
adsorption onto roots or precipitation
within the rhizosphere (Wong, 2003).
This process also decreases metal
mobility and reduce the likelihood of
metals entering into the food chain.
Therefore, the use of metal tolerant native
flora represents an inexpensive long-term
solution (Ashraf et al., 2011).

Nouri et al. (2011) in their study
showed plant species with TF<1 are
useful ~ for  phytoremediation  of
contaminated soil with magnesium, iron,
copper and zinc. P. australis and S.
maritimus among the 11 plant species
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investigated showed BCF values >1 and
TF values <1, indicating strong potential
for use in phytostabilization. P. australis
and S. maritimus having the highest BCF
and the lowest TF were the most
promising plants species for Zn, Cu and
Cr phytostabilization. Conversely, plants
which have low metal bioaccumulation in
their roots and high TF, might be useful
for phytoextraction because it would
likely increase metal bioaccumulation in
its shoots. Overall, we found that P.
australis and S. maritimus were the best
for phytostabilization of Zn, Cu and Cr
and 9 other plant species could be useful
for phytoextraction of metals.

Results of this research work indicated
that among the 11 sampled plant species,
metal translocation into shoots appears to
be very restricted in S. maritimus and P.
australis so that these plant species could
be used in order to stabilize the metals
and reduce the metal dispersion through
wind erosion and grazing animals.
Further studies would be needed on
investigating  deeply the  possible
translocation of metals to tissues of plants
and investigate the phytoremediation
efficacy of identified plant species
against various concentrations of Zn, Cu
and Cr.

Acknowledgments
The authors express their thanks to
University of Tehran for its facilities.

Literature Cited

Abdel-Ghani, N. T., Hefny, M., and EI-Chagbaby,
G. A. F., 2007. Removal of lead from aqueous
solution using low cost abundantly available
adsorbents. Jour. Envir. Sci. Tech. 41: 67-73.

Alloway, B. J., 1990. Heavy metals in soils.
Glasgow, UK: Blackie and Son. p. 384.

Alloway, B. J., Jackson, A. P., and Morgan, H.,
1990. The accumulation of cadmium by
vegetables grown on soils contaminated from a
variety of sources. Sci. Envir. Jour. 91: 223-
236.

Antosiewicz, D. M., Escude-Duran, C.,
Wierzbowska, E., and Sklodowska, A., 2008.
Indigenous plant species with the potential for



the phytoremediation of arsenic and metals
contaminated soil. Jour. Water Air Soil
Pollution. 193: 197-210.

Ashraf, M. A., Maah, M. J., and Yusoff, I., 2011.
Heavy metals accumulation in plants growing in
ex tin mining catchment. Jour. Envir. Sci. Tech.
8(2): 401-416.

Baker, A. J. M., 1981. Accumulators and
excluders strategies in the response of plants to
heavy metals. Jour. Plant Nutrition. 31(4): 643-
654.

Baker, A. J. M., and Brooks, R. R., 1989.
Terrestrial ~ higher plants  which  hyper-
accumulate metallic elements. A review of their
distribution, ecology and phytochemistry.
Biorecovery. 1: 81-126.

Black, C. A., 1965. Methods of soil chemical

analysis and  microbiological  properties.
Agronomy No. 9. American Society of
Agronomy, Madison.

Bodar, C. W., Pronk, M. E., and Sijm, D. T,
2006. The European Union risk assessment on
zinc and zinc compounds: the process and the
facts. Jour. Integ. Envir. Asses. Manag. 1: 301—
319.

Bonanno, G., Lo Giudice, R., 2010. Heavy metal
bioaccumulation by the organs of Phragmites
australis common reed and their potential use as
contamination indicators. Jour. Ecol. Indicators.
10: 639-645.

Bower, C. A., and Hatcher, J. T., 1966.
Simultaneous determination of surface area and
cation-exchange capacity. Soil Sci. Soc. Am.
Proc. 30: 525-527.

Bragato, C., Brix, H., and Malagoli, M., 2006.
Accumulation of nutrients and heavy metals in
Phragmites australis (Cav.) Trin. ex Steudel
and Bolboschoenus maritimuss (L.) Palla in a
constructed wetland of the Venice lagoon
watershed. Jour. Envir. Pollution, 144: 967-
975.

Chehregani, A., Noori, M., and LariYazdi, H.,
2009. Phytoremediation of heavy metal polluted
soils: Screening for new accumulator plants in
Angouran mine Iran and evaluation of removal
ability. Jour. Ecotoxi. Envir. Safe. 72: 1349—
1353.

Du Laing, G., Tack, F. M. G., and Verloo, M. G.,
2003. Performance of selected destruction
methods for the determination of heavy metals
in reed plants Phragmites australis. Jour.
Analyt. Chim. Acta. 49: 191-198.

Fitzgerald, E. J., Caffrey, J. M., Nesaratnam, S.
T., and Mc Loughlin. P., 2003. Copper and lead

SimpSPIEMEl B Uh S fit'vAregistered Version - hitp:/mww.simpopgBfeeigfion of ../ 98

concentrations in salt mash plants on the Suir
Estuary, lIreland. Jour. Envir. Pollution, 123:
67-74.

Fotakis, G, and Timbrell, J. A., 2006. Role of
trace elements in cadmium chloride uptake in
hepatoma cell lines. Jour. Toxicol letters. 164:
97-103.

Ghosh, M., and Singh, S. P., 2005. A review on
phytoremediation of heavy metals and
utilization of its byproducts. Appl. Jour. Ecol.
Envir. Res. 3: 1-18.

Greger, M, and T, Landberg. 1999. Use of willow
in phytoremediation. Inter. Jour. Phyto. 12:
115-123.

Hansel, C., Fendorf, S., Sutton, S., and Newville,
M., 2001. Characterization of Fe plaque and
associated metals on the roots of mine-waste
impacted aquatic plants. Jour. Envir. Sci. Tech.
35: 3863-3868.

Hernandez-Ochoa, I., Garcia-Vargas, G., Lopez-

Carrillo, L., Rubio-Andrade, M., Moran-
Martinez, J., Cebrian, M. E., and Quintanilla-
Vega, B., 2005. Low lead environmental
exposure alters semen quality and sperm
chromatin condensation in northern Mexico.
Reprod. Toxicol. 20: 221-228.

Joner, E. J., and Leyval, C., 2001. Influence of
arbuscular mycorrhiza on clover and ryegrass
grown together in a soil spiked with polycyclic
aromatic hydrocarbons. Jour. Mycorrhiza. 10:
155-159.

Kabata-Pendias, A., 2001. Trace elements in soils
and plants. 3" ed. LLC, Boka Raton, FL: CRC
Press.

Khan, S., Ahmad, I., Tahir Shah, M., Rehman, S.,
and Khalig, A., 2009. Use of constructed
wetland for the removal of heavy metals from
industrial wastewater. Jour. environ manage.
90(7): 3451-3457.

Lasat, M. M., 2002. Phytoextraction of toxic
metals, a review of biological mechanisms.
Jour. Envir. Quality. 31: 109-120.

Loeppert, R. H., and Suarez, D. L., 1996.
Carbonate and gypsum. In Methods of Soil
Analysis, part 3, Chemical Methods, Bigham
JM and Bartels JM ed. SSSA, ASA, Madison,
Wisconsin, Etatus-Unis, 437-474.

Mattina, M. J., Lannucci-Berger, W., Musante,
C., and White, J. C., 2003. Concurrent plant
uptake of heavy metals and persistent organic
pollutants from soil. Jour. Envir. Pollution. 124:
375-378.



Nouri, J., Lorestani, B., Yousefi, N., Khorasani,
N., Hasani., A. H., Seif, F.,and Cheraghi, M.,
2011. Phytoremediation potential of native
plants grown in the vicinity of Ahangaran lead-
zinc mine Hamedan, Iran. Jour. Envir. Earth
Sci. 62(3): 639-644.

Ok, Y. S., Usman, A. R. A, Lee, S. S., Abd EI-
Azeem, S. A. M., Choi, B. S., Hashimoto, Y.,
and Yang, J. E.,, 2011. Effects of rapeseed
residue on lead and cadmium availability and
uptake by rice plants in heavy metal
contaminated paddy soil. Jour. Chemosphere.
85: 677-682.

Rowell, D. L., 1993. Soil Science: Methods and
Applications. Longman, Harlow, Essex.

Salt, D. E., Blaylock, M., Kumar, N. P. B. A,
Dushenkov, V., Ensley, B. D., Chet, I., and
Raskin, 1., 1995. Phytoremediation: a novel
strategy for the removal of toxic metals from the
environment using plants. Jour. Biotechnology.
13: 468-474.

Santillan, L. F. J., Constantino, C. A. L.,
Rodriguez., G. A. V., Ubilla, N. M. C., and
Hernandez, R. I. B., 2010. Manganese
accumulation in plants of the mining zone of
Hidalgo, Mexico. Biores. Tech. 101 (15): 5836-
5841.

Stoltz, E, and Greger, M., 2002. Accumulation
properties of As, Cd, Cu, Pb and Zn by four
wetland plant species growing on submerged
mine tailings. Jour. Envir. Exp. Botany. 47:
271-280.

Thomas, G. W., 1996. Soil pH and soil acidity. P
475-490. In: Sparks et al. (eds.) Methods of soil
analysis, part 3. Agron. Mongr. 9. 2nd ed. ASA
and SSSA, Madison, WI.

U. S. EPA. 1993. Cleaning up the nation's waste
sites; Market and Technology trends, office of
solid waste and Emergency Response,
Technology Innovation office, Washington Dc,
EPA, 542-R-92-012.

Usman, A. R. A, Lee, S. S. L., Awad, Y. M,
Lim, K. J,, Yang, J. E., and Ok, Y. S., 2012.
Soil pollution assessment and identification of
hyperaccumulating plants in chromated copper
arsenate CCA contaminated sites, Korea. Jour.
Chemosphere. 872-878.

Usman, A. R. A, and Mohamed, H. M., 2009.
Effect of microbial inoculation and EDTA on
the uptake and translocation of heavy metal by
corn and sunflower. Jour. Chemosphere. 76:
893-899.

Walkley, A, and Black, I. A., 1934. Review
Examination of the Degtjareff method

Simpo HFMERGRLMY SHct) APLhiktbedérsion - hitp:/mmww.simpopdf.coffranimi etal. /99

determining soil organic matter and a proposed
modification of the chromic acid titration
method. Soil Science, 34: 29-38.

Wang, A., Chunling, L., Renxiu., Y., Yahua, C.,
Zhenguo, S.,and Xiangdong, L., 2012. Metal
leaching along soil profiles after the EDDS
application-A  field study. Jour. Envir.
Pollution. 164: 204-210.

Wilkins, D. A., 1978. The measurement of
tolerance to edaphic factors by means of root
growth. New Phyto. 8: 623-633.

Wong, M. H., 2003. Ecological restoration of
mine degraded soils, with emphasis on metal
contaminated soils. Jour. Chemosphere, 50(6):
775-780.

Yang, J. E., Lee, W. Y., Ok, Y.S., and Skousen,
J., 2009. Soil nutrient bioavailability and
nutrient content of pine trees (Pinus thunbergii)
in areas impacted by acid deposition in Korea.
Jour. Envir. Monit. Assess. 157: 43-50.

Yoon, J., Cao, X., Zhou, Q., and Ma, L. Q., 2006.
Accumulation of Pb, Cu, and Zn in native plants
growing on a contaminated Florida site. Jour.
Sci. total envir. 368: 456-464.

Zayed, A., Gowthaman, S., and Terry, N.,1998.

Phyto-accumulation of trace elements by
wetland plants. I. Duckweed. Jour. Envir
Quality. 27: 715-721.



SimpS'PIEMEl B UhYSHiit'vAregistered Version - hitp:/mww.simpolR¥ELgten of /100

axfllan) 00g)T S 4o 4l wdy LS 10 FKiow OIS roz b )]
(ol pl (939 152,90

e a0 S L LT .o . &l
70y y0ke g8 P bgb e Caigis 3 s & LBlg Lo pode T g e e < ol pl d0ge

mMaebrahimi2007 @UOZ.aC.ir :Sig S s «(Jgims 003,55) ¢ bl oKl o5 Ispusul 5 a5 50 09,5 o bsbial ™
Ol oKl ( SliwasS 5 S blis sl og,5 wlinl

Ol oils «(65,9LaS sasiadls «,Luiils &

Ol oKils o GliwmsS g St 3blie sl 0g,5 ¢ Lotils ”

Sl o8 (Sl 5 Sis sblie slol o5 ¢ Lotils ©

Lol IRNAS-CSIC tusgo « 5ol aass 548 °

sl Gl rolad 4y Ly po o5 Cel gz SIS (St Sl 4 Canslame (Sogll 00aSs
(2978 W o ailaie o LS gleaisS o Ol pesd e e jshie 4 yol> adlas
G5 yiaigei 28,5 plonil oogl] clacS L o axdly 0, ogs sboaisT (SonVl culls b5yl s (ol
b plsl Glay (29,5 aladi 5l e Yoo Jolgd a4y (elad &g 4 Suli s )3 Cliy 5 S5
Sladigai g ol glaaiged Y ;0 0 slul 4 oDy o gy Ve Sl Jsb yo alais e
5 69y come Shale b Cublop ads) (G yhmgn ) dilaie g e Bl YooY 5 T Gee 5 S
5 &o el ol (g Soplul Cole aw o Clay 5 S aLS WS VY e plail gty )5 098
S o Sl bl a5 ol (i s od g ,eSesul oYLolS ity st S Jlil ,giS
10 3 CreZn>Cu ol jay S sladiges o olpls cdale .ol oo (s ailiw] 51 ios Olas o
Phragmites australis (Cav.) Trin. ex Steudels Scirpus maritimus L. .55 Zn>Cr>Cu o5 5 a5 ol
5 BCF 2l L) (oo obS (sl canbin a5 iy a4ty 0 1) 09,5 9 e w53, e 2STa
5 2l plul gl i S p,50lS 0 0,5 e YIVA 5 VIVY) (59, Jaie J8la> wisg (TF J8los>

5 lom plal 6l cud g p,5elS 10 0 5 Lo YA+ 5 YIOF) 2l 5eil B o g (BCF=-/-V iy,
Taraxacum ;o pg,S jlode J8las> yizen .59 Hordeum glaucum L. 4 by o (BCF=-/\¥ aiy,

HTE iSlas g ads; )0 zed 495 Plas a5 SlalS as ols las mls .ol s officinale L.

Q5,lo sl LS ol 0 Slils cls p j0 caee i A3l

W oato aihate TF BCF (S Sl3ls o oYLolS : guudsS wlods


mailto:maebrahimi2007@uoz.ac.ir

