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Abstract: Ancient mining activities in Peru have resulted in more than 7000 environmental liabilities that are
permanent sources of pollution (heavy metals). Additionally, ongoing mining projects have to deal with soil
pollution at the end of their activity. For that reason and taking in account that some of the biggest pollutants
(e.g. lead (Pb)) are always attached to mining activities, it is important to find sustainable ways to reduce their
impact. Therefore, an experiment was set up, whereby, first, 37 plant species from 12 locations in La Oroya and
la Junin Lake, departments of Cerro de Pasco and Junin, Peru, were checked for their Pb content under natural
field conditions. Out of them, two plant species of the genus Calamagrostis sp. and Nicotiana sp were selected
on the basis of their Pb content. Concentrations of up to 3180 mg kg-1 in roots and 143 mg kg-1 in above-
ground biomass for Calamagrostis sp., and 1883 mg kg-1 in flowers and 2136 mg kg-1 in shoots, for Nicotiana
sp., were found. With these plant species, a pot experiment (factorial design with four repetitions, level of
significance 0.01%, 60 days of growth) was carried out to evaluate the potential for phytoremediation of Pb
polluted soils. The plants were grown at three levels of Pb: 700 mg kg-1, 1000 mg kg-1 and 1200 mg kg-1. In
addition, Vetiver grass (Vetiveria zizanioides) was also grown to compare its phytoremediation potential with
the native species. Nicotiana sp. had a higher amount of above-ground biomass, its high concentration of Pb in
the biomass (277 mg kg-1 in roots and 97 mg kg-1 in shoot and leaves), an extraction of Pb (0.3mg of Pb), its
natural capacity of translocation of Pb into the above-ground biomass and immobilization in the roots
(Translocation factor FT: 0.39).

Keywords: Accumulator species, Calamagrostis sp., Nicotiana sp., Vetiveria zizanoides, Translocation factor
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I.  Introduction

Traditionally, soils polluted with heavy metals are treated with techniques that have serious limitations
in terms of alteration and lose of biological, chemical and physical properties of the soil, their high cost [10] and
small care of the environment [17]. On the other hand, phytoremediation is becoming a promising technology
replacing the traditional ones. It utilizes plants to remove and transform toxic chemicals [36] with the purpose of
reducing their threat for humans and ecosystems. It is presented as a cost-effective and environmentally friendly
technology that has an additional aesthetical result [10]. It also has a benefit by its contribution to regenerate the
natural landscape of the polluted area [9].

Many research projects on phytoremediation have been carried out explaining not only the processes
involved but also the plants with the highest potential for specific phytoremediation. Currently, more than 400
species of hyperaccumulation have been documented [35] and current investigation is still continuing to
discover new hyperaccumulators. One of the best known plant species used for phytoremediation is Vetiveria
zizanioides L due to its fast rate of growth, and its capacity to associate with mycorrhizas. This helps improving
the absorption of the pollutant, and the property of repelling herbivores. As such, the entrance of pollutants into
the food chain is prevented [1], especially in association with amendments that increase the bioavailability of the
metals [6]. Other species commonly used are T. caerulescens, belonging to the brassicaceae family showing a
good performance in phytoremediation of Pb, Cd and Zn [3]. Some perennial species such as Salix spp have
also been used in controlled plots with successful results in uptake and accumulation of Cd, Zn and Ni in the
above ground biomass [18]. In some cases, even edible plants have been used for phytoremediation. Corn (Zea
mays), e.g has considerable potential of bioaccumulation of heavy metals due to its high capacity to build up
biomass [28]; sunflower (Helianthus annuus) has been used for phytoremediation of Pb, Zc and Cd [20];
mustard and alhova (Trigonella foenum-graecum) were successfully tested in India in association with EDTA to
remediate Pb and Cd [32], among many other examples.

Special care is currently taken for the use of native flora growing in polluted places. Native species that
are already adapted to polluted environments can make the process of phytoremediation easier [9]. As such and
due to the high plant diversity in Peru, it is worth to explore the existence of plants as heavy metal
hyperaccumulators. This is even more important because of the mining tradition for many years, resulting in
about 7000 environmental liabilities (Ministry of Energy and Mines of Peru) that little by little are covered with
native vegetation. One of the most noticeable cases of pollution in Peru is the city of La Oroya located in Junin.
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It has a mining activity since 1900 [26] until now, and as a consequence, Pb pollution, is one of the major heavy
metal polluters of the environment [22].

Nowadays, native vegetation in the surroundings can be seen. This indicates that some plants have the
ability to accumulate heavy metals. Within this context, the main objective of this research was to identify,
under field conditions, plants that behave as accumulators of Pb, and to test the better ones under controlled
conditions (pot experiment). In addition, their capacity was compared with a known hyperaccumulator species
in order to verify if native plant species are superior for phytoremediation of their own natural environment.

Il.  Materials and Methods

2.1 Study sites

To evaluate plants growing in Pb polluted areas, a transect of the areas with known Pb pollution was
carried out. Twelve points were selected to have a good representation of the city of La Oroya and the
surroundings of Lake Junin (regions of Cerro de Pasco and Junin, in Peru). The majority of the points were
located in the region of Junin, between 3400 and 4200 meter above sea level. Predominant vegetation belonged
to the gramineae family such as Stipa ichu, as well as cactus, native shrubs, among others. Non- native species
such as Pennisetum clandestinum were commonly found close to the towns.

2.2 Soil and plant sampling

At the 12 locations, 1 kg soil was taken from the arable layer without superficial vegetation. Those soil
samples were used to characterize the study area in general terms. As the main purpose of the study was to
evaluate the potential of plants for phytoremediation, a total of 37 plant samples were taken on the basis of their
above-ground biomass production as well as their maturity and physical appearance. In some cases, seeds and
living plants were taken for cultivation. The living plants were split up into one part for propagation and the rest
was dried at 70°C for 2 days, milled, and digested with a solution of nitric perchloric acid for 1 hour in order to
get foliar extracts for analysis of total Pb content by atomic absorption spectroscopy. Finally, two species where
selected for the pot experiment. For the pot experiment, 1 kg soil was used. This soil had a pH of 7.4, a
relatively high content of CaCO3 (19.6%), a silt-loam texture, and a high Pb content (704.9 mg kg™)

2.3 Plant cultivation

The first species used was Nicotiana sp. This is a 1-meter high growing herbaceous plant belonging to
the Solanaceae family. It accumulates Pb mainly in the above-ground biomass under field conditions. The
second one was Calamagrostis sp (Calamagrostis vicunarum). It is a small perennial gramineae of about 5-20cm
height and normally used as fodder for extensive livestock. This plant accumulates, under field conditions, more
metal in the roots than in the above-ground biomass. Additionally, also Vetiveria zizanioides (Vetiver grass)
was used. This plant is known as an excellent heavy metal accumulator. The methodology of plant germination
was different among the three species used in the study, but all of them were grown in open air conditions. In
the case of Nicotiana sp., seeds were germinated in a substrate of sand and organic soil, in a proportion of 3 to 1.
The plants were transplanted into the pots when they had a shoot size of about 5cm. In some cases, spontaneous
growth of Nicotiana sp. was observed in the substrate used for the pot experiments, so some of those plants were
used for treatments T2 and T3. Calamagrostis sp were directly transplanted from the sampled plants collected in
the field (slip plants). After one month, new growing was observed. These plants were harvested at 2 cm of stem
length for evaluation. The Vetiver grass was transplanted from samples collected from the Agraria University in
Lima and put directly in the pots. After two weeks, plants were cut at 4 cm of stem length for evaluation. Plant
transplanting and cultivation were carried from December 2013 until March 2014, completing two months of
growth for each species. Watering was done generally every two days till the moisture content in the soil
reached 50% of water field capacity. Temperature ranged from on average 20°C to 24°C, and air humidity was
about 70%. Rainfall was not meaningful during the period of evaluation.

2.4 Lead Treatment

Before transplanting the plants into the pots, a solution of (400 ml, water field capacity) Pb acetate acid
(Pb(CH3C00),+3H,0) was homogeneously applied to the soil in the pots in order to achieve a specific Pb
concentration. Table 1 shows the amount of lead salt used and the concentration of lead for each treatment. Each
treatment had 4 repetitions, making a total of 36 pots.
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Table 1. Treatments - Lead concentration and quantity of salt used
Quantity of salt (Pb(CH3;COO0),*3H,0)

- -1
Treatment Lead Concentration (mg kg™)/pot in mg/pot
1 700 0
T2 1000 949.2
T3 1200 9154

2.5 Statistical Analysis

Results are reported in terms of concentration of Pb in roots and above-ground biomass, Pb uptake as
well as the translocation factor. For comparison between the treatments, the Tukey test was used with o of
0.01% under a factorial design having as factor the levels of treatments (700, 1000 and 1200 mgPb Kg™) and the
plant species (Nicotiana sp., Calamagrostis sp., and Vetiver grass). In order to fulfill model conditions, the Box
Cox transformation was used. The shoot height and visual appearance were also monitored. The statistical
analysis was done using the R project software.

I11.  Results
3.1 Plants characterization
Of the 37 collected plant species six genus were represented: Agrostis, Desmodium, Calamagrostis sp.,
Muhlenbergia, Glandularia and Nicotiana sp. (Table 2):

Table 2. Lead concentration of several plant species under field conditions
Lead concentration (mg kg?)

Genus of species Sample point location

Above- ground biomass Roots

Agrostis 178 505 003
Desmodium 450 406 004
Calamagrostis sp. 143 3180 004
Muhlenbergia 1205 1164 004
Glandularia 394 1045 004

- Flowers: 1882
Nicotiana sp. Stem: 2136 005

From these six species, two belonging to the genus Nicotiana sp. and Calamagrostis sp. were selected for the pot
experiment, because they accumulated more than 1000 mg kg™ of Pb in their biomass.

3.2 Growth of the cultivated plant species under controlled conditions

The two native plant species as well as the Vetiver grass were grown for 60 days. During this period,
no noticeable effect of Pb was found on the height of the grown plants (Fig. 1). In case of Nicotiana sp., e.g.
growth was even higher for the highest polluted treatment (1200 mg kg™ (T3) or 1000 mg kg™ (T2)). For
Calamagrostis sp., the behavior was quite similar, but in this case the highest growth was noticed for T2, and a
reduction for T3. For Vetiver grass, growth was higher under the lowest pollution (T1). However, those
differences were not statistically significant.
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Figure 1la. Mean growth of Calamagrostis sp. under the 3 treatments
Cv: 9.49%
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Figure 1b. Mean growth of Nicotiana sp. under the 3 treatments of lead
Cv: 18.88%
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Figure 1c. Mean growth of Vetiver grass under the 3 treatments of lead
Cv: 14.03%
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3.3 Lead uptake by plant species under controlled conditions

The mean Pb concentration, under the conditions of the pot experiment, was statistically significantly
higher in the native species than in the Vetiver grass (Fig. 2). In the case of Nicotiana sp., the Pb concentration
in the above ground biomass (96.5 mg kg-1) was statistically higher than in the Vetiver grass (15.6 mg kg™) and
Calamagrostis sp. (48.4 mg kg™*). However, the Pb concentration in the roots was higher in both native species
(276.7 mg kgl'1 and 299.8 mg kg™ for Nicotiana sp. and Calamagrostis sp., respectively) than in the Vetiver grass
(93.5 mg kg™).
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Figure 2. Pb concentration in plant species under the three Pb treatments
CV (above-ground biomass): 21.7%; CV (roots): 0.79%

With regard to the uptake of Pb in the above-ground biomass only a small amount was found in
Calamagrostis sp. because of the time of growing (sixty days). Nicotiana sp. and Vetiver grass showed the same
performance in terms of Pb uptake. However, there was more potential in the Nicotiana sp. This species can
accumulate more heavy metal during its first stage of growth (Table 3).

Table 3. Biomass and Pb Extraction per plant species under the three treatments

Plant Species Level of Mean of Above-Ground Star)dgrd Mean of_ Pb Starjde}rd
Treatment Biomass Deviation Extraction Deviation
Calamagrostis sp T1 0.27 0.12 0.02 0.01
T2 0.42 0.32 0.03 0.01
T3 0.25 0.05 0.03 0.01
Mean Value 0.31 0.20 0.03 0.01
Nicotiana sp T1 1.69 0.88 0.19 0.06
T2 3.03 0.18 0.32 0.04
T3 3.10 0.46 0.39 0.10
Mean Value 2.60 0.86 0.30 0.10
Vetiver grass T1 5.19 1.98 0.24 0.13
T2 5.30 1.72 0.26 0.11
T3 5.05 1.73 0.30 0.14
Mean Value 5.18 1.65 0.27 0.12

In the present study, the translocation factor (TF), defined as the relation between Pb concentration in
the above ground biomass and Pb concentration in the roots [28], was lower than 1 (Table. 4). In terms of mean
values, Vetiver grass had the lowest TF value (0.14), while no statistical differences were found between the
TFs of Nicotiana sp. and Calamagrostis sp. Additionally, it was found that the highest value was registered with
Nicotiana sp. under the highest Pb treatment (T3) with a mean value of 0.69.

Table 4. Translocation factor of the plant species under the three treatments

Plant Species Level of treatment Tranls location Factor F per Star]da}rd
evel of treatment Deviation
Tl 0.29 0.13
Calamagrostis sp T2 0.41 0.21
T3 0.22 0.08
Mean value 0.31
Tl 0.24 0.09
Nicotiana sp T2 0.22 0.03
T3 0.69 0.06
Mean value 0.38
Tl 0.17 0.09
Vetiver grass T2 0.17 0.11
T3 0.08 0.07
Mean value 0.14

IV.  Discussion
In the study area, the main source of Pb pollution is atmospheric deposition by the activity of the La
Oroya foundry. This kind of pollution is also seen in other areas such as Spain where Pb, Cd and Zn pollution is
highly observed in fields and grasslands due to the influence of an old Zn and Pb mine [29]. Another main
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source of Pb pollution is deposition from vehicular emissions like in Taiwan due the heavy metal content of
diesel [41], or in Ibadan (Nigeria) where a high Pb concentration (205 mg kg™) is found in areas close to the
Ibadan-Ilorin and Ibadan-lwo motorways [21].

Under field conditions, a high diversity of plants can be found in highly Pb polluted areas due to
favorable weather conditions that promote plant growing, as it was explained by Kim and Owens [12]. Of the
six plant species shown in Table 2, Calamagrostis sp. and Nicotiana sp. were chosen, because they accumulated
more than 1000 mg kg™of Pb in their biomass. This pollution level is used to define a plant species as
hyperaccumulator of a particular metal in other studies [30], and it is a key factor for phytoremediation
processes [5]. Other members of the gramineae family such as Cynodon dactylon and Lolium perenne have also
shown to have a good potential for phytoremediation [34]. The same has been observed with Nicotiana glauca

[2].

Generally, the growth, in terms of height and turgidity, of Calamagrostis sp., Nicotiana sp. and Vetiver
grass was normal and no influence of Pb could be seen. The negative influence of Pb on growing hormones such
as gibberellins, auxins and cytokinins [8] is well documented, but in our present research, Pb had a positive
influence especially in the case of Nicotiana sp. However, more studies on biological and physiological aspects
of Pb pollution should be done. Hormesis [33], defined as the doses of a toxic substance able to stimulate
growth, should be considered for further research, as well as the presence of entophytic bacteria associated to
the roots of plants that can promote plant growth. The same effect was found with Oryza sativa when grown in
Cd enriched substrates in association with some bacteria of the genus Methylobacterium oryzae and
Burkholderia Sp. They helped this plant to deal with Cd and to stimulate its growth [25].

In terms of biomass development, it was lowest with Calamagrostis sp. This should be attributed to the
short time of growing (2 months), which was not enough to let this species reach the normal height it shows
under natural growing conditions [27]. Obviously, under field conditions, the period of growth is much longer
and, as a consequence, the level of accumulation higher [4]. Moreover, the growing conditions during the pot
experiment differed importantly from the conditions in which native plant locally grow. Despite this, the level of
Pb concentration found in the pot experiment for the native plant species was relatively high, especially in
comparison with Vetiver grass. The reason of this behavior was not one the objectives of the present
experiment. However, it could be somehow explained by the activity of the rhizosphere of the native plants,
already adapted to polluted conditions and their exudates that can either increase bacterial activity, and as such,
Pb speciation to forms which can be better assimilated by plants [14]. An additional possibility is the increased
dissolution and bioavailability [13]. It is worth to mention that the growing period of 60 days of evaluation was
selected to standardize the evaluation time for all species, and also because of the growth period of Vetiver
grass that reached in some cases even 1m high in that period of time.

With regard to the uptake of Pb, only a small amount was found in the Calamagrostis sp. because of the
low height and biomass obtained after 60 days of growing. Nicotiana sp. and Vetiver grass showed the same
performance in terms of Pb uptake. However, there was more potential with Nicotiana Sp. because this species
accumulates more Pb in its first stage of growth. It is important to mention that in Nicotiana sp., even if the
difference is not significant, Pb uptake increased when the Pb concentration in the substrate increased. This
result is similar to observations with Siam weed Chromolaena odorata (L.) and Cd, Pb and Zn enriched
substrates [38].

In the present study, the translocation factor (TF), defined as the relation between Pb concentration in
the above-ground biomass and Pb concentration in the roots [28], was lower than 1. Low values mean that the
processes mostly occurring in plants are phytostabilization [43] and immobilization of Pb in the roots [11]. The
observation is useful especially for species such as Calamagrostis sp. which are mainly used as fodder [27]. It
avoids problems of bioaccumulation and biomagnification within the food chain [39]. It is the same with
Nicotiana sp. There are no reports on its use whereby Pb can be transferred into the food chain. For this species,
a high TF value was found in the highest polluted Pb treatment (T3). This result is similar with the one reported
for rice, cultivar Japonica [15], showing that this species is more suitable for growing in polluted substrates.

V.  Conclusion

It was found that Nicotiana sp. had the best potential for phytoremediation because of its high amount
of above-ground biomass, its high concentration of Pb in the biomass (277 mg kg™ in roots and 97 mg kg™ in
shoot and leaves), its extraction of Pb (0.3mg of Pb), its natural capacity of translocation of Pb into the above-
ground biomass and immobilization in the roots (Translocation factor FT: 0.39). With this experiment, it was
confirmed that native species are most appropriate for phytoremediation in natural areas. However, it is known
the limitations of plastic pot based experiments, in terms of overestimation of the real capacity of
phytoremediation of the species, so it is important to do further research in such conditions that let Pb
equilibrates in the soil environment. Despite this, it is important to carry out this kind of experiments to have
much more control in the experiment, understand the processes behind phytoremediation, and try to identify the
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species, tasks quite difficult to do under field conditions.

Acknowledgements

This research project was funded by the Management of Research Office (Oficina de Gestion de la
Investigacion) belonged to the vice-chancellorship of Research of the Agraria University in Peru. Additionally,
this project was possible due to the support of my supervisors MSc. Braulio La Torre Martinez and MSc.
Guillermo Aguirre Yato; both professors in soil science and agronomy at this University, and many other people
that have worked with me at the Laboratory of Fertility as well as the members of the VLIR-UNALM in
Huancayo for their valuable help during the field work. Special greetings to Professor Oswald VVan Cleemput for
his contribution as reviewer of the document.

References

[1]. Andra, S.; Datta, R.; Sarkar, D.; Makris, K.; Mullens, C.; Sahi, S.; Bach, S (2009) Induction of Lead-Binding Phytochelatins in
Vetiver Grass [Vetiveria zizanioides (L.)]. J. Environ. Qual. 38:868—-877. doi: 10.2134/jep2008.0316

[2]. Barazani, O.; Sathiyamoorthy, P.; Manandhar, U.; Vulkan, R.; Golan-Goldhirsh, A (2004) Heavy metal accumulation by Nicotiana
glauca Graham in a solid waste disposal site. Chemosphere. 54: 867-872. doi: 10.1016/j.chemosphere.2003.10.005

[3]. Becerril, J.; Barrutia, O.; Garcia, J.; Hernandez, A.; Olano, J.; Garbisu, C (2007). Native species from contaminated soils:
ecophysiological aspects and their use on phytoremediation. Revista Cientifica y Técnica de Ecologia y Medio Ambiente, 16(2): 50-
55.

[4]. Cataldo, D.; Wildung, R (1978). Soil and plant factors influencing the accumulation of heavy metals by plants. Environ Health
Perspect, 27: 149-159

[5]- Chaney, R.; Malik, M.; Li, Y.M.; Brown, S.L.; Brewer, E.P.; Angle, J.S.; Baker, AJ (1997) Phytoremediation of soil metals.
Current Opinion in Biotechnology. 8: 279-284. doi: 10.1016/S0958-1669(97)80004-3

[6]. Chen, Y.; Shen, Z.; Li, X (2004) The use of vetiver grass (Vetiveria zizanioides) in the phytoremediation of soils contaminated with
heavy metals. Applied Geochemistry. 10: 1553-1565. doi: 10.1016/j.apgeochem.2004.02.003

[7]. Eapen, S.; D'Souza, S (2005). Prospects of genetic engineering of plants for phytoremediation of toxic metals. Biotechnology
Advances. 23(2): 97-114. doi: 10.1016/j.biotechadv.2004.10.001

[8]. Gangwar, S.; Pratap, V.; Kumar, D.; Kumar, D.; Mohan, S.; Narayan, J (2014) Chapter 10 — Plant Responses to Metal Stress: The
Emerging Role of Plant Growth Hormones in Toxicity Alleviation. Emerging Technologies and Management of Crop Stress
Tolerance. 2: 215-248. doi: 10.1016/B978-0-12-800875-1.00010-7

[9]. Gerhardt, K., Huang, X.-D., Glick, B., & Greenberg, B. (2009). Phytoremediation and rhizoremediation of organic soil
contaminants: Potential and challenges. Plant Science, 176(1): 20-30. doi: 10.1016/j.plantsci.2008.09.014

[10]. Hazrat, A.; Ezzat, K.; Muhammad, A (2013) Phytoremediation of heavy metals—Concepts and applications. Chemosphere. 91:
869-881. doi: 10.1016/j.chemosphere.2013.01.075.

[11]. Ho, W.; Ang, L.; Lee, D (2008) Assessment of Pb uptake, translocation and immobilization in kenaf (Hibiscus cannabinus L.) for
phytoremediation of sand tailings. Journal of Environmental Sciences. 20: 1341-1347. doi: 10.1016/S1001-0742(08)62231-7

[12]. Kim, K.; Owens, G (2011) Potential for Enhanced Phytoremediation of Landfills Using Biosolids — A Review. Environmental
Biotechnology and Safety. 6: 239-247. doi: 10.1016/B978-0-08-088504-9.00373-1

[13]. Koo, B.; Chen, W.; Chang, A.; Page, A.; Granato, T.; Dowdy, R (2010) A root exudates based approach to assess the long-term
phytoavailability —of metals in biosolids-amended  soils.  Environmental  Pollution. 158: 2582-2588. doi:
10.1016/j.envpol.2010.05.018

[14].  Lin, Q.; Chen, Y.X.; He, Y.F.; Tian, G.M (2004) Root-induced changes of lead availability in the rhizosphere of Oryza sativa L.
Agriculture, Ecosystems & Environment. 104: 605-613. doi: 10.1016/j.agee.2004.01.001

[15].  Liu,J.; Ma, X.; Wang, M.; Sun, X (2013) Genotypic differences among rice cultivars in lead accumulation and translocation and the
relation with grain Pb levels. Ecotoxicology and Environmental Safety. 90:35-40. doi: 10.1016/j.ecoenv.2012.12.007

[16]. Ma, Y.; Prasad, M.; Rajkumar, M.; Freitas, H (2011) Plant growth promoting rhizobacteria and endophytes accelerate
phytoremediation of metalliferous soils. Biotechnology Advances. 29: 248-258. doi: 10.1016/j.biotechadv.2010.12.001

[17]. Malik, B.; Bilal, T.; Tahir, I.; Ul Hassan Dar, T.; Ul Rehman, R (2015) Chapter 6 — Recent Trends and Approaches in
Phytoremediation. 131-146. doi:10.1016/B978-0-12-799937-1.00006-1

[18].  Meers, E. 2004-2005. Phytoextraction of heavy metals from contaminated dredged sediments. Ph.D. Thesis. Ghent, Bélgica. Ghent
University. 345.

[19]. Mulligan, C.; Yong, R.; Gibbs, B (2001) Remediation technologies for metal-contaminated soils and groundwater: an evaluation.
Engineering Geology. 60: 193-207. doi: 10.1016/S0013-7952(00)00101-0

[20].  Nehnevajova E., Herzig, R.; Federer, G.; Erismann, K.H.; Schwitzguébel, J.P (2005) Screening of Sunflower Cultivars for Metal
Phytoextraction In A Contaminated Field Prior To Mutagenesis. International Journal of Phytoremediation. 7:337-349. doi:
10.1080/16226510500327210

[21]. Olajire AA, Ayodele ET, Oyediran GO, Oluyemi EA (2003). Levels and speciation of heavy metals in soils of industrial southern
Nigeria. Environ. Monit. Assess. 85: 135-155

[22].  Ortiz, H.; Trejo, R.; Vadez, R.D.; Arreola, J.G.; Flores, A.; Lépez, B (2009) Fitoextraccion de plomo y cadmio en los suelos
contaminados usando quelite (Amaranthus hybridus L) y micorrizas. Revista Chapingo Serie Horticultura. 15(2): 161-168.

[23].  Pichtel, J.; Pichtel, T (1997) Comparison of Solvents for Ex Situ Removal of Chromium and Lead from Contaminated Soil.
Environmental Engineering Science. 14(2): 97-104. doi:10.1089/ees.1997.14.97

[24].  Punamiya, P.; Datta, R.; Sarkar, D.; Barber, S.; Patel, M.; Das, P (2010) Symbiotic role of Glomus mosseae in phytoextraction of
lead in vetiver grass [Chrysopogon zizanioides (L.)]. Journal of Hazardous Materials. 177: 465-474. doi:
10.1016/j.jhazmat.2009.12.056

[25]. Rajkumar, M.; Noriharu, A.; Freitas H (2009) Endophytic bacteria and their potential to enhance heavy metal phytoextraction.
Chemosphere. 77: 153-160. doil: 10.1016/j.chemosphere.2009.06.047

[26].  Reuer, M.; Brower, N.; Koball, J.; Hinostroza, E.; De la Torre, M.; Hurtado, J.; Echevarria, S (2012) Lead, Arsenic, and Cadmium
Contamination and Its Impact on Children's Health in La Oroya, Peru. ISRN Public Health. 2012: 1-12. doi: 10.5402/2012/231458

DOI: 10.9790/2402-09434249 www.iosrjournals.org 48 | Page



Phytoremediation of Lead Polluted Soils with Native Plant Species

[27].

[28].
[29].
[30].
[31].
[32).
[33].

[34].

[35].
[36].
[37).
[38].

[39].

[40].

[41].

[42].

[43].

Rodriguez, N (1984) Determinacion del valor nutritivo de las principales especies de los pastizales naturales de la SAIS Pachacutec
en 5 eventos fenoldgicos. Tesis para optar el titulo de Ingeniero Agronomo. Lima Peru. Universidad Nacional Agraria la Molina.
124.

Rojas, C (2010) Efecto de la interaccion hongo- Dodonaea viscosa L. Jacq en la fitorremediacion de plomo en un sistema in vitro.
Tesis para optar el grado de maestro en Biotecnologia. México DF, México. 101.

Ruiz, E.; Rodriguez, L.; Alonso Azcarate, J.; Rincon, J (2009) Phytoextraction of metal polluted soils around a Pb-Zn mine by crop
plants. International journal of phytoremediation, 11, 360-384. doi: 10.1080/152265108002565568

Salas, F (2007) Seleccion In Vitro De Plantas Tolerantes A Plomo Para Su Uso En Fitorremediacion. Tesis de especialidad. México
DF, México. Universidad Auténoma Metropolitana. 39.

Salemaa, M.; Vanha-Majamaa, I.; Derome, J (2001) Understorey vegetation along a heavy-metal pollution gradient in SW Finland.
Environmental Pollution. 112: 339-350. doi: 10.1016/S0269-7491(00)00150-0

Singh, R.; Chhibba, M (2010) Chelate-assisted phytoextraction of cadmium and lead using mustard and fenugreek.
Communications in soil science and plant analysis. 41:2131-2142. doi: 10.1080/00103624.2010.504795

Stebbing. A (1982) Hormesis — The stimulation of growth by low levels of inhibitors. Science of The Total Environment. 22: 213~
234. doi: 10.1016/0048-9697(82)90066-3

Suchkova, N.; Tsiripidis, I.; Alifragkis, D.; Ganoulis, J.; Darakas, E.; Sawidis, T(2014) Assessment of phytoremediation potential of
native plants during the reclamation of an area affected by sewage sludge. Ecological Engineering. 69: 160-169. doi:
10.1016/j.ecoleng.2014.03.029

Surriya, O.; Sayeda, S.; Kinza, W.; Gul Kazi, A (2015) Chapter 1 — Phytoremediation of Soils: Prospects and Challenges. Soil
Remediation and Plants - Prospects and Challenges. 1-36. d0i:10.1016/B978-0-12-799937-1.00001-2.

Susarla, S.; Medina, V.; McCutcheon, S (2002) Phytoremediation: An ecological solution to organic chemical contamination.
Ecological Engineering, 18(5): 647-658. doi: 10.1016/S0925-8574(02)00026-5

Tang, Y.; Qiu, R.L.; Zeng, X.; Ying, R.; Yu, F.; Zhou, X (2009) Lead, zinc, cadmium hyperaccumulation and growth stimulation in
Arabis paniculata Franch. Environmental and Experimental Botany. 66: 126-134. doi: 10.1016/j.envexpbot.2008.12.016

Tanhan, P.; Kruatrachue, M.; Pokethitiyook, P.; Chaiyarat, R (2007) Uptake and accumulation of cadmium, lead and zinc by Siam
weed [Chromolaena odorata (L.)66 King & Robinson]. Chemosphere. 68: 323-329. doi: 10.1016/j.chemosphere.2006.12.064
Tiwari, K.; Singh, N.; Patel, M.; Tiwari, M.; Rai, U (2011) Metal contamination of soil and translocation in vegetables growing
under industrial wastewater irrigated agricultural field of VVadodara, Gujarat, India. Ecotoxicology and Environmental Safety. 74:
1670-1677. doi: 10.1016/j.ecoenv.2011.04.029

Urzelai, A.; Cagigal, E.; Antepara, A.; Ciprian, E.; Bonill, A. Gurtubay, K (2002) Potencial de fitorremediacion de especies
vegetales, Nuevas experiencias en tratamiento de suelos contaminados con metales, Revista de Ingenieria Quimica. 391:165-170.
Wang, Ch.; Tian, Y.; Wang, X.; Yu, H.; Lu, X.; Wang, C.; Wang, H (2010) Hormesis effects and implicative application in
assessment of lead-contaminated soils in roots of Viciafaba seedlings. Chemosphere. 80: 965-971. doi:
10.1016/j.chemosphere.2010.05.049

Wei, S.; Zhou, Q.; Koval, P (2006) Flowering stage characteristics of cadmium hyperaccumulator Solanum nigrum L. and their
significance to phytoremediation. Science of the Total Environment, 369(1-3): 441-446. doi: 10.1016/j.scitotenv.2006.06.014

Yoon, J.; Cao, X.; Zhou, Q.; Ma, L (2006) Accumulation of Pb, Cu, and Zn in native plants growing on a contaminated Florida site.
Science of the Total Environment. 368: 456-464. doi: 10.1016/j.scitotenv.2006.01.016.

DOI: 10.9790/2402-09434249 www.iosrjournals.org 49 | Page



