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Abstract: Pressures exerted on the soil ecosystem due to its exposure to lead have a significant and
aggravating effect on the quality of life. This study was conducted to investigate the aided
phytostabilization of Pb-contaminated soils by novel combined amendments. The pot experiment
was run under greenhouse conditions, using the following mixtures of immobilizing amendments:
halloysite and limestone as well as halloysite and compost. The Pb contents in plants, both total and
CaClz-extractable Pb concentration in soil, were determined using the spectrophotometric method.
The use of halloysite and compost was shown to be the most effective and decreased the average Pb
content in the above-ground parts of F. rubra and in the soil and was found to significantly increase
soil pH and Pb content in roots of the test plant. New methods should be developed to minimize the
environmental risk posed by the presence of heavy metal pollutants. The results show significant
effects of immobilizing amendments on the chemical characteristics of soil contaminated with Pb
and the uptake of Pb by plants.
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1. Introduction

Human activities such as industry, agriculture and transport exert both indirect and direct effects
on the soil chemical properties [1,2]. Progressive urbanization has severely disturbed the balance
between the biochemical and geochemical cycles of many heavy metals. Considering their
potentially detrimental nature and their long retention in the soil, it seems essential to determine the
risk posed by heavy metals to human health and the natural environment. Since soil pollution with
these metals is the main cause of soil degradation, the main goal of many soil remediation projects
has been to decrease the environmental risk caused by different pollutants to a level safe for human
health and ecosystems [3].

Pb is a ubiquitous element in the natural environment which is widely used in various industry
branches [4]. It pervades the atmosphere, due to emissions from steel plants and cement plants [5,6].
Metal works, battery production plants, crystal glassworks and in the rubber, petroleum, and plastic
industries as well as in the production of explosives and plant protection agents [1]. One of the
sources of Pb in the soil is dry and wet deposition from the atmospheric air to which it migrates from
combustion sources [7]. Pb has a high capacity for adsorption onto particles of atmospheric dust,
hence-owing to dispersion-it is easily transported over long distances and its concentration is high
even in non-anthropogenized areas [8]. Other significant sources of Pb in soils include ill-protected
or illegal waste dumps. Leachates from these dumps infiltrate into the soil and contaminate it [9].

An appropriately designed phytoremediation method may lead to improvement in soil
functionality by reducing the mobility of potentially toxic elements and affecting the biological
processes proceeding in the soil [10]. The techniques of aided phytostabilization may prove
successful, especially in problematic areas where soil is highly acidified and both sprouting and
growth of plants are impaired [11]. There has been great interest recently in the search for cheap
alternatives to traditional soil amendments to increase immobilization efficiency which do not
require complicated and expensive pretreatments. Poland is among the countries abundant in
naturally occurring minerals, i.e. limestone and halloysite. Due to their alkaline character, they have
great potential to be used as mineral amendments in phytostabilization techniques. Moreover,
composting is quite a popular method for waste management. Compost, due to its high content of
stable organic matter and nutrients, can be used not only in agriculture as fertilizer, but also in soil
remediation as an amendment to immobilize potentially toxic elements. Immobilization of
potentially toxic elements accumulated in the soil using single materials, e.g., bentonite, compost,
biochar, sewage sludge or ashes, has been addressed in scientific research, but information
concerning the use of combined amendments is scarce [12-14].

F. rubra is a perennial lawn grass with a well-developed root system which is very resistant to
drought. There is great interest in using F. rubra in phytoremediation due to its high metal tolerance
and ability to accumulate different metals, especially copper, lead, manganese and zinc in soils
affected by major industrial activities such as mining, energy and fuel production [15,16].
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The study aimed at determining the effects of the application of combined amendments (mineral
and mineral-organic) to the soil contaminated with Pb vegetated by F. rubra on Pb immobilization
efficiency in the aided phytostabilization technique.

2. Materials and methods
2.1. Characterization of soil and amendments

The soil used in the pot experiment was collected from the top layer (0-20 cm) from a non-
contaminated site in an agricultural area (north-eastern Poland). The compost used in the experiment
was prepared from 80% wi/w of food waste and 20% w/w of wood pellets. The physical and chemical
properties of the soil and compost are provided in Table 1. The compost had good fertilizing
potential, due to its high contents of nitrogen, potassium and phosphate, and low content of Pb. The
halloysite was purchased from Dunino strip mine (Poland), and limestone from “SILESIA” Sp. z 0.0.
(Poland). Table 2 presents selected properties of minerals amendments used in the experiment.

Table 1. Properties of soil and compost used in the pot experiment.

Parameter Unit Soil Compost
Value
pH - 5.81 7.88
Total nitrogen gkg™ 0.98 14.12
Organic carbon gkg™ 6.42 330.8
C: N Ratio - - 23.42
N-NHa mgkg 20.32 1031.3
N-NOs mgkg 2.01 299.3
Phosphorus gkg™ 43.20 8.71
Potassium gkg™ 8.72 11.17
Calcium gkg™ 31.2 13.36
Lead mgkg? 16.23 17.2

Table 2. Properties of halloysite and limestone used in the pot experiment.

Chemical composition in oxide (wt.%) Specific surface area (m?/g)
Halloysite  SiO2-39.6; Al,0s-37.0; Fe203-16.1; TiO2-2.30; 49.52

Ca0-0.66; Mg0-0.13; Na,0-0.04; K,0-0.05; P205.0.52
Limestone  CaO-87.47; Fe;O3-7.80; C20-1.50; SiO»-1.34; 0.91

N205-0.78; A|20s-0.49; K20-0.48; MgO-005

2.2. Experimental system

A pot experiment was conducted in the greenhouse of the University of Warmia and Mazury in
Olsztyn, Poland. Soil/amendments mixtures were placed into polyethylene pots of 5 kg capacity and
were maintained under natural day/night conditions. During the day (14 h), the air temperature was
26 = 3 °C, and at night (10 h) it was 16 + 3 °C, with a relative humidity of 75 £ 5%. F. rubra was
selected for the experiment, because it is a suitable species for the re-vegetation of heavy metal-
contaminated soils for their phytostabilization. Seeds (variety: Dark) were purchased from an
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authorized Seed Production Centre (Olsztyn, Poland). Soil contamination with Pb was simulated by
the administration of the following doses (mgkg* of soil) in the form of chemically-pure aqueous
solutions of Pb(NOs)2: 0 (control), 200, 400, 800. The design comprised a total of 36 pots. At the
beginning of the experiment, the plants were supplied with macro- and microelements using water
solutions containing 26 mg of N, 26 mg of P, 21 mg of K, 12 mg of Mg, 0.5 mg of Fe, 0.25 mg of
Mn, 0.25 mg of Cu, 0.2 mg of Mo, and 0.13 mg of B per 1 kg of soil. Two mixtures of soil
amendments were used in the experiment: limestone with halloysite (L/H) and compost with
halloysite (C/H). L/H and C/H were mixed with soil in proportions of 3% (v/v) and 1% (v/v),
respectively. These amounts were considered optimal based on the results of a pilot study. Soils
without Pb and amendments (0.0%) served as the control. The soil samples were thoroughly mixed
and were allowed to stabilize under natural conditions for three weeks before being used in the
growth experiment. The plants were watered every other day with demineralized water up to 60% of
the maximum water holding capacity of the soil. The plants were harvested after 45 days and the soil
was then collected. Plants were separated into shoots and roots. The rhizosphere soil tightly adhering
to the roots was collected by brushing it off, after which it was air-dried and sifted through 2 mm
sieves to determine the Pb content.

2.3. Chemical analysis of soils and compost

Upon completion of the first part of the experiment, the sieved samples of soil were stored at
4 °C prior to the analysis of their physicochemical properties. The pH value (1:5 H20) was then
measured in the samples of soil and compost using a Handylab pH/LF 12 conductometer (Schott,
Germany). A modified version of the EPA 3051A method was used in the digestion process of soils.
Briefly, 1.0 g of soil was weighed into a vessel, to which 9 mL of nitric acid (HNOs p.a. with a
concentration of 1.40 g.cm™) and 1 mL of 30% H20: were added. The digestions were carried out in
a Milestone microwave oven (Start D, Italy). All potentially toxic elements were analyzed with an
ICE-3000 spectrophotometer (Thermo Scientific, USA). The content of CaClz-extractable Pb was
determined by extracting soil samples with 0.01 mol'L™ CaCl: at a 1:5 ratio and then shaking them
at room temperature (25 °C) for 2 h. A certified soil reference material (Sigma Aldrich Chemie
GmbH, No. BCR142R) was used to ensure the accuracy of the analytical data. Total nitrogen (TN)
content was determined with the Kjeldahl method [17]. Organic carbon content was determined with
the Tiurin method after hot digestion of soil samples with K2Cr.O7 and H2SOa4 in the presence of
Ag2SOs4 as a catalyst and the titration of K2Cr207 excess with FeSO4/(NH4)2SO46H20 [18]. In turn,
phosphorus and potassium contents were assayed with the Egner-Riehm method [19] and magnesium
content was assayed with the atomic absorption spectrometry method following extraction using the
Schachtschabel method [20]. All chemical solutions were prepared using ultra-pure water (Millipore
System, USA) of 0.055 puScm™ resistivity and all chemicals used in this study were proanalytical
grade.

2.4. Plant tissue analysis

After 45 days, the above-ground parts (shoots) and underground parts (roots) of F. rubra were
uprooted and placed into paper bags. The roots and shoots were oven-dried at 55 °C to a stable
weight and the dry biomass was recorded. The plants were then powdered using an analytical mill
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(Retsch type ZM300, Hann, Germany). A representative subsample was mineralized in nitric acid
with 30% H202 using a microwave oven (Milestone Start D, Italy). Extracts were analyzed for total
Pb contents by the Atomic Absorption Spectrometry (AAS) method using an iCE-3000
spectrophotometer (Thermo Scientific, USA). Triplicate analyses were performed for each sample.

2.5. Data processing and statistical analysis

The bioconcentration factor (BCF) was calculated by dividing the content of Pb in F. rubra roots
by its corresponding content in the soil [21]. The translocation factor (TF) was calculated as the ratio
of shoot-to-root contents of Pb [21]. Statistical analysis of the data was carried out with
STATISTICA 13.3 software. The normality of distribution of traits within each independent group
was checked with the Shapiro-Wilks test and verified with an analysis of the normality of residuals.
A two-way analysis of variance-ANOVA (F test) was conducted using Pb dose and amendment type
as factors. The Tukey test was used to determine the significant differences between mean values (at
P < 0.05). The results of the post-hoc tests were expressed in the form of homogenous groups which
were ascribed appropriate letters in figures.

3. Results
3.1. Effect of soil contamination with Pb and the addition of combined amendments on F. rubra yield

The vyield of F. rubra was significantly influenced by the dose of Pb and by amendment type
(Figure 1). The wakes development of the plant was observed in the control soil (without the addition
of combined amendments), which was especially tangible at higher doses of Pb. In the non-amended
treatments, the increasing rates of Pb had an explicitly negative effect on the plant yield. Compared
to the control soils, the highest F. rubra yield was obtained after soil amendment with a mixture of
compost and halloysite (C/H) and its contamination with Pb doses of 400 and 800 mg-kg ™.
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Figure 1. Mean yield of F. rubra biomass at various contaminating doses of Pb and
different combined amendments.
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3.2. Pb content in F. rubra biomass

As shown in Figure 2, Pb accumulation was considerably higher in roots than in the shoots of F.
rubra compared to the control variants, a significant decrease (by 28%) in the mean content of Pb in
the above-grounds parts of F. rubra was determined after the combined use of compost and
halloysite (C/H). In the roots of the test plant, the same mixture increased Pb content compared to the
control soils. Pb applied in the doses of 400 and 800 mg'kg ™ of soil led to a nearly double increase in
the content of Pb in shoots compared to the control.
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Figure 2. Distribution of Pb in shoots (a) and roots (b) of F. rubra. Each value is the
mean (£SD) of three replicates. Values in each column denoted with the same letter do
not differ significantly according to the Tukey’s range test (P < 0.05).

3.3. Effect of the contaminating dose of Pb and the use of combined amendments on Pb content in
the soil

The content of Pb in the soil was influenced by the contaminating dose of Pb as well as by the
addition of combined amendments (L/H and C/H) to soil (Figure 3). The administration of compost
and halloysite to the soil with the highest contaminating dose of Pb (800 mgkg™?) led to a significant
decrease in total Pb content in the soil, compared to the control soils. In the case of CaClz-extractable
form of Pb, all of the combined amendments decreased its content in the soil, with a greater decrease
observed with the administration of compost and halloysite (C/H).
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Figure 3. Impact of combined amendments on contents of total (a) and mobile? (b) Pb
fractions in the soil compared to the control pots (mean £ SD, n=3). Values in each
column denoted with the same letter do not differ significantly (Duncan test, P > 0.05). ?
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3.4. Soil pH

chloride.

In the current study, the soil pH increased following the addition of the combined amendments
(Figure 4). Compared to the control soils, the greatest increase in soil pH (1.26 pH units) was
observed after the use of compost and halloysite (C/H). A similar, though slightly weaker, effect was
noted for soil amendment with limestone and halloysite (L/H).
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Figure 4. Effect of Pb contamination and combined amendments on soil pH.

3.5. Pb accumulation and translocation in F. rubra

The mean values of the bioconcentration factor (BCF) determined for F. rubra reached 1.57 in
the soil amended with limestone and halloysite (L/H) and 2.78 in the soil amended with compost and
halloysite (C/H) (Figure 5). It should be emphasized that the value of this factor in the control soils
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(non-amended) was at <1. In turn, the values of the translocation factor (TF) were the lowest for soil
amended with compost and halloysite (C/H).
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Figure 5. Bioconcentration factor (BCF) and Translocation factor (TF) of Pb in F. rubra.
4. Discussion

Areas which have been degraded or polluted with potentially toxic elements, including Pb,
provide unfavorable conditions for the development of vegetation [22]. The proposed technique of
aided phytostabilization will reduce the availability of heavy metals as well as produce the desired
plant cover [23]. The incorporation of various amendments to soil has been proven to elicit a durable
and positive effect on plant growth and development [24]. In addition, since a typical trait of polluted
areas is the presence of metals in the form of mixtures and in high concentrations [25], the use of
single amendments may fail to produce the expected effect of phytostabilization. Studies by Friesl et
al. [26] have proven that the application of inorganic amendments to soil alleviates the toxic effect of
heavy metals on soils and, at the same time, influences crop yield. The greatest average above-
ground biomass was observed in cases of soil amendment with diatomite (45%) and chalcedonite
(42%) as compared to soil without these amendments. Limestone also had a positive, but lesser
influence [2]. Considering the above, the combined use of hallyosite with organic matter and
limestone was proposed in this study. Current knowledge on the use of the proposed materials is
sparse. The administration of limestone improved the ratio between Ca and Pb ions in the soil, by
reducing Pb mobility and decreasing its uptake by plants. In addition, it effectively increased soil pH
and, consequently, contributed to a reduction in the phytoavailability and excess accumulation of
Pb [27]. In turn, the combined use of halloysite and organic matter contributed to reduced solubility
of Pb ions, which was mainly due to a significant enrichment of the soil with organic matter and
phosphates [28,29] and to soil pH increase, and this has ultimately led to a change in the mobility
and bioavailability of Pb [30].

The current study demonstrated that the administration of organic matter (in the form of
compost) to the soil had a positive effect on the effectiveness of Pb immobilization in the soil. The
use of soil amendments of this type represents one of the basic techniques for the induction of
xenobiotic biodegradation in the soil [2]. The direct addition of composts to the soil provides both
nutrients and various microflora, which may lead to the effective immobilization of heavy metals
accumulated in the soil which, in turn, may elicit a significant increase in the biological activity of
soil [31]. This thesis has been confirmed in many studies, including these of Gondek et al. [32] and
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Adejumo et al. [31]. Those publications explicitly demonstrate that the administration of fertilizers
based on organic waste, like e.g., compost or sewage sludge, contributes to the effective
immobilization of heavy metals in the soil.

The negative impact of Pb on plants stems from its interactions with macromolecules,
particularly proteins [33]. In addition, Pb affects the anatomy and morphology of plants and the
major outcomes of its accumulation in plant tissues include plant growth inhibition caused by
impaired mitotic divisions and debilitation of metabolic processes [34]. The bioconcentration factor
(BCF) indicates a plant’s potential to accumulate elements and takes account of their initial
concentration in the soil [1]. A higher value indicates a higher element content in plant biomass
compared to its initial content in the soil. Plants suitable for the phytostabilization technique should
be characterized by BCF > 1 and TF < 1 [35]. It is assumed that roots col-lect approx. 30—-15% more
lead than above-ground parts [36]. For this reason, F. rubra (used in the current study), together with
the combined amendments, meets these requirements and seems suitable for use in areas
contaminated with Pb. A similar effect was observed in earlier studies into the effect of mineral and
organic amendments administered to soils contaminated with heavy metals [37]. Other studies also
showed a similar tendency after soil amendment with a mixture of compost and halloysite [38]. They
indicated a correlation between soil amendment with a mixture of halloysite and fish compost and
the immobilization of nickel compounds in the soil [39].

Soil pH is a significant factor which determines the solubility of heavy metals in the soil [40]
and affects, among others, assimilation of nutrients by plants and the course of physicochemical
processes in soils [41]. A decrease in soil pH contributes to a reduced stability of bonds and to the
damage of the microcrystalline structure of soil minerals, which results in soil sorption complex
degradation and base cations leaching to the deeper strata of the soil profile. In the reported study,
both of the combined amendments (halloysite/limestone; halloysite/compost) caused a significant
increase in soil pH. To determine the availability of Pb to plants, it was first necessary to determine
its total content in the soil and, secondly, to determine the contents of its bioavailable chemical
fractions, including a form extractable in CaClz [42]. It should be emphasized that the reduction of
contents of heavy metals occurring in this very chemical form is one of the main aims of the
phytostabilization process [1]. The current study demonstrated that the administration of a mixture of
halloysite and compost, as an immobilizing amendment used in experiments with soil contaminated
with various Pb concentrations, caused the greatest reduction in the contents of both total and CaCl--
extractable forms of this element. To confirm the effectiveness of the proposed materials, it seems
necessary to continue analyses of soil and determine the Pb contents in particular plant organs under
in-situ conditions. Model studies, including these conducted under controlled conditions, represent a
valuable source of information before transferring novel solutions to the in-situ conditions.

5. Conclusions

The results achieved in the reported study provide a significant contribution into the
development of safe technologies for land remediation and also indicate the feasibility of direct
management of easily available amendments in the technique of aided phytostabilization. The
proposed combination of halloysite with compost allowed modifying properties of the stabilizing
material to an extent which enabled effective phytostabilization of soils contaminated with various
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concentrations of Pb. The study demonstrated a significantly higher accumulation of Pb in roots of F.
rubra, a higher yield of the above-ground biomass, increased soil pH and decreased contents of the
total form and mobile fraction of Pb in the soil after its amendment with a mixture of halloysite and
compost, compared to the non-amended control soil.

Conflict of interest

All authors declare no conflicts of interest in this paper.

References

10.

11.

Anjum NA, Duarte AC, Pereira E, et al. (2015) Plant-beneficial elements status assessment in a
soil-plant system in the vicinity of a chemical industry complex: shedding light on forage grass
safety issues. Environ Sci Pollut R 22: 2239-2246.

Radziemska M, Mazur Z (2016) Content of selected heavy metals in Ni-contaminated soil
following the application of halloysite and zeolite. J Ecol Eng 17: 125-133.

Panagos P, Liedekerke MV, Yigini Y, et al. (2013) Contaminated sites in Europe: review of the
current situation based on data collected through a European Network. J Environ Pub Heal
2013: 158764.

Gonzélez-Grijalva B, Meza-Figueroa D, Romero FM, et al. (2019) The role of soil mineralogy
on oral bioaccessibility of lead: Implications for land use and risk assessment. Sci Tot Environ
657: 1468-1479.

Arfala Y, Douch J, Assabbane A, et al. (2018) Assessment of heavy metals released into the air
from cement kilns co-burning waste: Case of Oujda cement manufacturing (Northeast
Morocco). Sust Environ Res 28: 363-373.

Dong C, Taylor MP, Zahran S (2019) The effect of contemporary mine emissions on children’s
blood lead levels. Environ Int 122: 91-103.

Rogula-Koztowska W, Majewski G, Widziewicz K, et al. (2019) Seasonal variations of PM1-
bound water concentration in urban areas in Poland. Atm Poll Res 10: 267-273.

Meza-Figueroa D, Gonzélez-Grijalva B, Romero F, et al. (2018) Source apportionment and
environmental fate of lead chromates in atmospheric dust in arid environments. Sci Tot Environ
630: 1596-1607.

Abramov S, He J, Wimmer D, Lemloh ML, et al. (2018) Heavy metal mobility and valuable
contents of processed municipal solid waste incineration residues from Southwestern Germany.
Waste Manage 79: 735-743.

Khan AR, Ullah I, Khan AL, et al. (2015) Improvement in phytoremediation potential of
Solanum nigrum under cadmium contamination through endophytic-assisted Serratia sp. RSC-
14 inoculation. Environ Sci Pollut R 22: 14032-14042.

Taugeer HM, Rahman MU, Hussain S, et al. (2019) The potential of an energy crop
“Conocarpus erectus” for lead phytoextraction and phytostabilization of chromium, nickel, and
cadmium: An excellent option for the management of multi-metal contaminated soils. Ecotox
Environ Safe 173: 273-284.

AIMS Environmental Science Volume 7, Issue 1, 1-12.



11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

217.

28.

29.

30.

Hamid Y, Tang L, Sohail MI, et al. (2019) An explanation of soil amendments to reduce
cadmium phytoavailability and transfer to food chain. Sci Tot Environ 660: 80-96.

He D, Cui J, Gao M, et al. (2019) Effects of soil amendments applied on cadmium availability,
soil enzyme activity, and plant uptake in contaminated purple soil. Sci Tot Environ 654: 1364—
1371.

Tandy S, Meier N, Schulin R (2019) Use of soil amendments to immobilize antimony and lead
in moderately contaminated shooting range soils. J Hazard Mat 324: 617-625.
Padmavathiamma P, Li L (2009) Phytoremediation of metal-contaminated soil in temperate
regions of British Columbia, Canada. Int J Phytoremediation 11: 575-590.

Yin L, Ren A, Wei M, et al. (2014). Neotyphodium coenophialum-infected tall fescue and its
potential application in the phytoremediation of saline soils. Int J Phytoremediat 16: 235-46.
US-EPA Method 351.2. Determination of Total Kjeldahl Nitrogen by Semi-Automated
Colorimetry; EPA: Washington, DC, USA, 1993.

Mocek A, Drzymata S (2010) Genesis, Analysis and Soil Classification. Poznan University of
Life Sciences (in Polish).

Riehm H (1958) Die ammoniumlaktatessigsaure-methode zur bestimmung der leichtloeslichen
phosphosaure in karbonathaltigen boden. Agrochimica 3: 49-65.

Litynski T, Jurkowska H, Gorlach E (1976) Chemical and agriculture analysis. PWN, Warsaw
pp 129-132 (in Polish), 1976.

Baker AJM (1981) Accumulators and excluders. J Plant Nutr 3: 643-654.

Wu S, Liu Y, Southam G, et al. (2019) Geochemical and mineralogical constraints in iron ore
tailings limit soil formation for direct phytostabilization. Sci Tot Environ 651: 192-202.

Yang S, Liang S, Yi L, et al. Heavy metal accumulation and phytostabilization potential of
dominant plant species growing on manganese mine tailings. Front Environ Sci Eng 8: 394-
404.

Song Y, Kirkwood N, Maksimovi¢ C, et al. (2019) Nature-based solutions for contaminated
land remediation and brownfield redevelopment in cities: A review. Sci Tot Environ 663: 568—
579.

Kuppusamy S, Venkateswarlu K, Megharaj M, et al. (2017) Risk-based remediation of polluted
sites: A critical perspective. Chemosphere 186: 607—615.

Friesl W, Lombi E, Horak O, et al. (2003) Immobilization of heavy metals in soils using
inorganic amendments in a greenhouse study. J Plant Nutr Soil Sci 166:191-196.

Khadem A, Raiesi F (2019) Response of soil alkaline phosphatase to biochar amendments:
Changes in kinetic and thermodynamic characteristics. Geoderma 337: 44-54.

Beiyuan J, Awad YM, Beckers F, et al. (2017) Mobility and Phytoavailability of As and Pb in a
contaminated soil using pine sawdust biochar under systematic change of redox conditions,
Chemosphere 178: 110-118.

Ondrasek G, Begi¢ HB, Zovko M, et al. (2019) Biogeochemistry of soil organic matter in
agroecosystems & environmental implications. Sci Tot Environ 658: 1559-1573.

Yan K, Dong Z, Wijayawardena MAA, et al. (2019) The source of lead determines the
relationship between soil properties and lead bioaccessibility. Environ Poll 246: 53-59.

AIMS Environmental Science Volume 7, Issue 1, 1-12.



12

31.

32.

33.

34.

35.

36.

>

&

Adejumo SA, Ogundiran MB, Togun AO, et al. (2018) Soil amendment with compost and crop
growth stages influenced heavy metal uptake and distribution in maize crop grown on lead-acid
battery waste contaminated soil. J Environ Chem Eng 6: 4809-4819.

Gondek K, Mierzwa-Hersztek M, Kope¢ M (2018) Mobility of heavy metals in sandy soil after
application of composts produced from maize straw, sewage sludge and biochar. J Environ
Manage 210: 87-95.

Kumar A, Narasimha M, Prasad V (2018) Plant-lead interactions: Transport, toxicity, tolerance,
and detoxification mechanisms. Ecotox Environ Safe 166: 401-418.

Pidatala VR, Li K, Sarkar D, et al. (2018) Comparative metabolic profiling of vetiver
(Chrysopogon zizanioides) and maize (Zea mays) under lead stress. Chemosphere 193: 903-
911.

Mendez MO, Maier RM (2008) Phytostabilization of mine tailings in arid and semi-arid
environments-an emerging remediation technology. Environ Health Persp 116: 278-283.

Oh YJ, Kim H, Seo SH, et al. (2016) Cytochrome b5 reductase 1 triggers serial reactions that
lead to iron uptake in plants. Mol Plant 9: 4, 501-513.

. Wyszkowski M, Radziemska M (2009) The effect of chromium content in soil on the

concentration of some mineral elements in plants. Fres Environ Bull 18: 1039-1045.

. Radziemska M, Vaverkovd MD, Adamcova D, et al. (2019) Valorization of fish waste compost

as a fertilizer for agricultural use. Waste Biomass Valori 10: 2537-2545.

. Radziemska M, Vaverkova MD, Mazur Z (2019) Pilot scale use of compost combined with

sorbents to phytostabilize Ni-contaminated soil using Lolium Perenne L. Waste Biomass Valori
10: 1585-1595.

. SunY, Shah KJ, Sun W, et al. (2019) Performance evaluation of chitosan-based flocculants with

good pH resistance and high heavy metals removal capacity. Sep Purif Technol 215: 208-216.

. Wang Y, Zhong B, Shafi M, et al. (2019) Effects of biochar on growth, and heavy metals

accumulation of moso bamboo (Phyllostachy pubescens), soil physical properties, and heavy
metals solubility in soil. Chemosphere 219: 510-516.

. Pueyo M, Lo6pez-Sanchez JF, Rauret G (2004) Assessment of CaClz, NaNOs and NH4NOs3

extraction procedures for the study of Cd, Cu, Pb and Zn extractability in contaminated soils.
Anal Chim Acta 504: 217-226.

© 2020 the Author(s), licensee AIMS Press. This is an open access
Ms ATMS Press article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0)

AIMS Environmental Science Volume 7, Issue 1, 1-12.



