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Assessment of Lead (Pb) Accumulation St
in Native Plants Growing on Coal Mine

Site in Northeastern Vietnam
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Abstract Heavy metals are environmental contaminants that are hazardous to soil,
water, animals, and human health. Recently, the problem of heavy metal treatment
in soil after mining has been studied by many scientists both at laboratory and field.
The application of native plants in treating heavy metals (Phytoremediation) in the
soil after mining is interesting, appreciated, and highly applicable because of its
friendliness to the polluted environment, cost-saving, improving the landscape and
environment, and favorable for long-term implementation. The primal objective of
this study was to examine the tolerance of native plants to lead (Pb) accumulation
in soil. The plant samples and soil samples were taken analyzed for Pb concentra-
tion. Research results showed that, all three species of plants had the ability to grow
and develop well in the environment with the concentrations of Pb. The average
Pb accumulated was the highest in Lantana camara at 3.38 mg/kg, followed by
Eleusine indica and Aglaonema muntifolium at 1.67 mg/kg and1.37 mg/kg, respec-
tively. Based on the enrichment coefficients for stem-leaves and root values, plant
was separated into two group including hyperaccumulator (Aglaonema muntifolium)
and phytostabilizer (Lantana camara and Eleusine indica). Our study suggested the
effectiveness of some native plant species in treating Pb contaminants in soil, this
result can be applied in mitigating the effect of heavy metals caused by mining on
environmental and human health.
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15.1 Introduction

Mine activities have been considered as the main hazardous land uses that lead to
the serious consequences on terrestrial ecosystems, particularly because of the long-
lasting contamination and risks from heavy metals generated and released into the
environment (Hye et al. 2008; Mileusnic et al. 2014). Metals are released from mining
sites via activities including mining-milling, ore concentrating, refining processes,
and disposal of tailings, and waste rock (Hien et al. 2012). Indeed, the high level of
heavy metal derived from the weathering processes of minerals, tailings and waste
rock, then concentrated in soil resources and water resources neighboring to mining
sites has been reported in many of previous studies (Lee et al. 2001; Israel et al. 2004;
Aparajita et al. 2006). The impacts of heavy metal on human health are of concern
as the cause of cytotoxicity, mutagenicity, and carcinogenicity (Lim and Schoenung
2010).

In recent decades, the remediation to reduce the concentration of heavy metal in
soil and their risks to human health has become a worldwide environmental goal
(Sivarajasekar and Baskar 2014). The treatment of heavy metal contaminated soils is
complicated and often incomplete because the properties of the soil are changed when
associated with heavy metals. Many physio-chemical methods have been selected to
treat soil contaminated with heavy metals such as soil washing, concreting, chemical
precipitation, thermal desorption, redox, adsorption, incineration, and solidification
(Traina et al. 2007; Karthik et al. 2016; Muthusaravanan et al. 2018). Conventional
techniques for pollution control can be very effective in solving the contamina-
tion, however, on the other hand, these methods have certain disadvantages because
of the high cost, high energy consumption, large quantities of wastes that require
disposal, and the high potential of contaminants exposure for surrounding residents
(Moeller 2005; Vidalli 2005). This situation raises the need for a more eco-friendly
and effective approach to rectify polluted soil.

Currently, the method of using plants to treat heavy metals in the soil (Phytoreme-
dation) has been emphasized as an effective and potential strategy for cleaning soil
polluted by heavy metals (Edgar et al. 2982). This remediation is outweighed as it
provides cheaper, high efficiency, and environmentally acceptable technology for the
bioremediation of contaminated soil (Glick 2010; Eslamian 2016). One of the mech-
anisms of phytoremediation is phytoaccumulation, which is the process of contami-
nants absorption by plants, the absorbed contaminants then being accumulated in
shoots, leaves, and other plant parts (Muthusaravanan et al. 2018; Rashid et al.
2014). This is the best method to be able to remove the pollutant from the soil and
then sequester it without destroying the structure and fertility of the soil (Ghosh and
Singh 2005). Indeed, numerous of previous studies have focused on the effectiveness
of phytoremediation. For instance, (Conesa et al. 2007) reported that Zygophyllum
fabago can accumulate Pb concentration in soil at 750 mg/kg in the shoots. In another
study, (Altinozlu et al. 2012) found that in the polluted area where the soil contains
of 2000-3000 mg Ni per kg soil, Isatis pinnatiloba has the ability to absorb and
accumulate Ni contaminant up to 1441 mg/kg in the above-ground plant parts. The
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exceptional ability of metal accumulation was also found in Noccaea caerulescens,
this species can accumulate up to 26,000 mg/kg Zn without any symptom of injuries
(Brown et al. 1995).

Despite the current efforts to develop plant base remediation, the selection of suit-
able plants that can show advanced performance in phytoremediation is still critical
and remains certain difficulties (Pan et al. 2019). The adaptation of plant to the envi-
ronmental conditions of target regions is remaining as the drawback for the success
of the phytoremediation strategy (Mahar et al. 2016). Native plants therefore should
be an important aspect in treating heavy metal pollution using phytoremediation.
Native plant species are often more resistant to changes in their habitat, they perform
better in terms of survival, growth, and reproduction compared to exotic species,
behind, they are more tolerant to metal pollution in specified soil conditions (Frérot
et al. 2006; Yoon et al. 2006; Antosiewicz et al. 2008). Thus, the assessment of native
plants that grow naturally around mining and mineral processing areas in treating
heavy metal pollution becomes essential.

Vietnam is a developing country, located in Southeast Asia. In recent decades,
the rapid industrialization and development of a market for environmental services
had led to many issues of environmental protection and sustainable development,
among them, the mining waste disposal program became one of the Vietnamese
government’s strategic priorities (Xuan et al. 2013). Indeed, Vietnam has been ranked
as the third-largest mineral producer among Southeast Asian countries (Khoi 2014).
The northern part of Vietnam has abundant of Pb and Zinc with a total ore reserve
of up to 97 million tons and a lot of metalliferous mines have been established
(Tran et al. 2009). Along with the growth of the Vietnamese economy contributed
by mining, there are the risks of high contents of heavy metals in waste dumps and
soil around mining areas (e.g., Chu Ngoc et al. 2009; Anh et al. 2011; Xuan et al.
2017). Therefore, the monitoring of native plants phytoremediation in soil pollution
is needed especially in the vicinity of mining areas in Vietnam. The goal of this study
was to examine the tolerance of native plants to lead (Pb) accumulation in soil in
northeastern Vietnam. To this end, the concentration of lead in soil at the study site
was determined and the ability to absorb and accumulate lead of native plants were
examined. Based on the results of this study, we proposed solutions to apply plants
in the treatment of lead pollution in soil due to mineral mining.

15.2 Study Site and Method

15.2.1 Study Site

This study was conducted in Vang Danh coal mine, which is located in Uong Bi city,
Quang Ning province, northeastern Vietnam (20° 58’ N, 106° 41" E, Fig. 15.1a—c).
Vang Danh coal mine is owned by Vang Danh Coal Joint Stock Company-a member
of Vietnam National Coal-Mineral Industries Holding Corporation Limited. Vang
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Danh is known as the largest underground coal mine in Vietnam’s coal industry,
the area of the mine site is 2000 ha. The climate is warm and temperate with a
mean annual temperature of 22.2 °C and an average annual rainfall of 1600 mm
(Son et al. 2019). The rainy season occurs from June to August, accounting for
60% of annual rainfall, while the dry season is usually from November to April. The
coal-bearing strata mostly combine of Conglomerate, sandstone, siltstone, claystone,
clay-coal, and coal seams (Dung and Quang 2021). The native plant species of the
study site mainly belong to Fabaceae, Moraceae, Araceae, Verbenaceae, Poaceae,
Polypodiaceae, and Piperaceae. The mining area has been established since 1964.
The extent of coal mining has been increased for both open pit and underground
mines. Coal mining brings back huge economic benefits, however, the heavy metal
pollution in the soil caused by mining activities poses a big threat to the environment
and human health (Hai 2007).

15.2.2 Sampling and Analyzing of Soil and Plant Species

Three different areas in the coal mine site were selected for sampling and analysis
(Fig. 15.1b). These three areas were located surrounding the mine dump and were
covered by a large number of native species. The detailed field survey of soil and
native plants was conducted in August/2021.

Soil samples were collected by using the stainless-steel sampler (Diameter: three
cm, Height: 20 cm). The samplings were processed following a mixed sampling
method (Vietnam Standard 2005). In general, three soil samples including topsoil
and subsoil within the top 20 cm were taken, the total amount of each sample was
200 g. The samples then were air-dried, sieved to < two mm, and stored in plastic
bags.

The selection of plants for accessing the ability to absorb and accumulate Pb in soil
was based on plant coverage of the site as well as plant health. The three most common
distributed plant species that grow directly in the coal field of the study area were
monitored, including Aglaonema muntifolium, Lantana camara, and Eleusine indica
(Fig. 15.1d—f). These plant species associated with soil samples were collected in the
same area (Fig. 15.1b). Each plant was divided into three parts, which are root, stem,
and leaves. The vegetable samples were stored in plastic bags after being manually
washed with tap water and rinsed with deionized water three times to remove dust.

For the chemical analysis, all the soil and plant samples were sent to the Mekong
Institute of Science and Technology in Hanoi. The concentration of Pb in soil was
determined by flame atomic absorption spectrometry analysis (TCVN 6496:2009).
This method is based on atomic absorption spectrometry of elemental concentra-
tions in Aqua Regia sample extracts prepared in accordance with ISO 11466. Used
217.0 nm wavelength is used and the flame type is oxidizing air. Whereas the Atomic
absorption spectrometric method was applied to examining Pb concentration in plants
after dry ashing (AOAC 999.11). The test portion is dried and then ashed at 450 °C
with increasing temperature. Add six M hydrochloric acid solution and evaporate
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Fig. 15.1 a Location of the study site; b Landsat image the of study site; ¢ photo of the study site;
photo of sampling plant species d Lantana camara; e Aglaonema muntifolium; £ Eleusine indica

to dryness. The residue was dissolved in 0.1 M nitric acid solution, the analytical
samples were determined by flame atomic absorption spectrometry using a graphite
furnace.

Bioconcentration factor (BCF), bioaccumulation factor (BAF) and translocation
factor (TF) were used in data analyzing (Yoon et al. 2006; Caille et al. 2005; Zu
et al. 2005). BCF is calculated as the ratio between the Pb content in the roots with
the total Pb content in the original soil, while BAF is calculated by considering
Pb concentration in stem-leaves with respect to soil Pb concentrations. The BCF
and BAF accumulation coefficient reflects the ability of plants to accumulate Pb
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from soil to plants and is used to assess the potential for pollution treatment of plant
species (Ghosh and Singh 2005). TF is the ratio between the Pb content in the stem—
leaves with the corresponding content in the roots. This index evaluates the ability
to transport Pb from the roots to the leaves (Zhang et al. 2002).

Analysis of variance (ANOVA) was performed to determine statistical differences
between Pb concentration in soil, plant parts, BCF, BAF, and TF values with a
confidence level of 0.95 (P < 0.05), using SPSS for Windows, version 20.

15.3 Result and Discussion

15.3.1 Biomass of Plants

The result of fresh biomass of sampling plant species was present in Table 15.1. For
all species in three sampling areas, the biomass of stem-leaves was higher compared
to that of roots (Table 15.1; Fig. 15.2). The average above-ground biomass of A.
muntifolium and L. camara was comparable at 11 g, whereas there was a slightly
different in root biomass of these two species at four and five g, respectively. The
lowest biomass was found in E. indica, the average biomass of stem-leaves and roots
in turn were seven g and two g (Fig. 15.2). Among of three sampling areas, area three
had the highest total plant biomass, which was 70% higher than the biomass of area
one and 34% higher than the biomass of area two (Table 15.1).

15.3.2 Concentration of Pb in Soil and in Native Plant
Species

The mean Pb concentration in soil samples of the study site was 54 &= 18 mg/kg (Table
15.1). Soil Pb concentration in this study was within the Vietnamese standard for Pb
concentration in soil (QCVN 03: 2015). There were significant differences among
Pb concentrations in three sampling areas with the p-value < 0.05. The contents of
Pb detected in order of smallest to largest were 34.8 mg/kg in area one, 55.7 mg/kg
in area two, and 70.8 mg/kg in area three (Table 15.1).

The results of the Pb concentration in plant species grown in coal mine site were
presented in Table 15.1. The total concentration of Pb in L. camara ranged from
1.62 to 5.26 mg/kg, whereas, in A. muntifolium and E. indica these values fluctuated
from 0.61 to 1.99 mg/kg and 0.86 to 2.84 mg/kg, respectively. In general, the highest
concentration of Pb was found in L. camara. The concentration of Pb in plants varied
among sampling areas, all monitored species in area one contained the lowest amount
of Pb, whereas the concentration of Pb in area three was consistently the highest for
all sampling plant species (Table 15.1).
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Fig. 15.2 Average biomass and percentage of fresh biomass of stem-leaves and root of the
monitored plants

Identifying the tolerance plant that can adapt to local climate and soil condi-
tion is essential for soil remediation, thus native plant species have been selected
because of their suitability. In this study, none of the visible toxicity symptoms,
such as whitish-brown chlorosis, or young leaves deformation were observed in the
monitored species. All the studied plants grew normally and exhibited tolerance to
Pb contamination. Pb concentrated in the different parts of the plant varied among
species (Figs. 15.3 and 15.4). The average concentration of Pb in the stem was the
lowest in all species at 0.62 mg/kg in L. camara, 0.33 mg/kg in A. muntifolium and
0.13 mg/kg in E. indica (Fig. 15.3). Pb concentrated in roots was higher than that in
the leaves in L. camara and E. indica. In particular, the average level of Pb in root
and leaves of L. camara were 1.72 mg/kg and 1.04 mg/kg, respectively. Average root
and leaves Pb values of E. indica were 1.15 mg/kg and 0.39 mg/kg, respectively. In
A. muntifolium root and leaves Pb concentrations were similar at 0.51 mg/kg and
0.53 mg/kg, respectively (Fig. 15.3). In general, the concentration of Pb in plants in
this study was significantly lower than that in previous studies of (Pan et al. 2019;
Nguyen et al. 2009; Petelka et al. 2019), however, results from monitored plants were
higher compared to Petelka et al. (2019), suggesting the influence of plant species,
the environmental concentrations of heavy metals, and other environmental factors
to the concentration of heavy metals in plants.

L. camara and E. indica contained the higher amount of Pb in the root parts, which
account for 50-70% of the total Pb accumulated. Plants with these characteristics
are highlighted to be the potential plant for phytostabilization purposes (Mendez
and Maier 2008; Ali et al. 2013). The high concentration of Pb in roots is possibly
related to the features of the root system. The study by Pinto et al. (2015) has pointed
out that the dense and tough root system is also important for absorbing metals in
contaminated soil. L. camara and E. indica have a notably tough root system, this
characteristic can enhance the ability to absorb and accumulate Pb, thus making
these species the good candidates for Pb phytostabilization (Pan et al. 2019). In the



15 Assessment of Lead (Pb) Accumulation ... 245

3
O Stem
O Leaves
ey Root
=4
gD
e
g
2
=
g
=]
Q
2
o 14
(o]
s
=9
0 8
Lantana Aglaonema Eleusine
camara muntifolium indica

Fig. 15.3 Box-plot results of Pb concentration in stems, leaves and roots of the monitored plants.
The length of the box represents the sample interquartile range, the cross bar in the box the sample
median, the notch its 95% interval
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Fig. 15.4 Illustration of Pb concentration in stems, leaves and roots of monitored plants

contrary, A. muntifolium exhibited the higher concentration of Pb in the stem-leaves
than in the root, suggesting a high transportability for metals from the root to the
above-ground parts. Besides the capacity of metal uptake via the xylems, atmospheric
deposition of Pb may be another factor that resulted in the high concentrations of
stem and leaves (Temmerman et al. 2015).
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Fig. 15.5 Box-plot results of bioaccumulation factor, bioconcentration factor and translocation
factor. The length of the box represents the sample interquartile range, the cross bar in the box the
sample median, the notch its 95% interval

15.3.3 The Effectives of Native Plants Remediation in Pb
Treatment

The BAF, BCF, and TF are the key factors in evaluating and qualifying the heavy
metal hyperaccumulator (Pan et al. 2019), in this study, these factors were used to
evaluate the phytoremediation potential of plants.

The BAF values of plants ranged from 0.005 to 0.042 and the accumulation
coefficient BCF in the root part varied from 0.007 to 0.036 (Table 15.1; Fig. 15.5). L.
camara had the highest ability to absorb and accumulate Pb with the average BAF
and BCF were 0.029 and 0.031, respectively. The average value of BAF and BCF
in A. muntifolium in turn were 0.015 and 0.001. E. indica had the lowest BAF value
among species, which was 0.008 and the BCF value was 0.021 for average (Table
15.1).

The TF value was found to be the highest in A. muntifolium, with all the measure-
ment values larger than one, the average TF value for this species was 1.606. TF
value was followed by L. camara at 0.952 and E. indica at 0.410 for average. The
significant difference in the TF value of A. muntifolium and E. indica with p-value <
0.05.

The BAF, BCF, and TF of plant species varied among the sample sites, suggesting
the diversity in heavy metal tolerance, absorption and translocation varied with geno-
types. These results are possibly explained by the environmental condition and the
characteristic of the plant itself. The ability to absorb and accumulate heavy metals in
plants depends on many factors, for example, the bioavailability of metal within the
rhizosphere (Petelka et al. 2019), the characteristic of the root systems that determine
how heavy metals are absorbed and fixed within the root cells (Muthusaravanan et al.
2018), xylem loading capacity and cellular tolerance to toxic metals of the plant (Pan
et al. 2019). Plant species that had a BAF, BCF, or TF smaller than one are unsuit-
able for phytoextraction, which is the withdrawal of heavy metals by the harvestable
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parts of roots, stems, and leaves (Kumar et al. 1995; Fitz and Wenzel 2002). Based
on the result, none of the studied species is recommended for phytoextraction. TF
indicates the efficiency of a plant in translocating heavy metals from roots to aerial
parts (Zhang et al. 2002). TF larger than one also indicates that a large portion of Pb
was transported from root to stem and leaves then accumulated in the above-ground
parts of plants. The low TF value from the plant might relate to the metal toxicity that
can damage photosynthetic activity, chlorophyll synthesis, and antioxidant enzymes
(Chaabani et al. 2017). When the value of TF is larger than one, the plant is a hyper-
accumulator, and if TF is smaller than one, the plant is a phytostabilizer (Yoon et al.
2006). The result of the study indicated that A. muntifolium was the hyperaccumu-
lator with a higher concentration of Pb in stem-leaves than in the root part, whereas
L. camara and E. indica were phytostabilizer.

The summary of Pb concentration and translocation of various plant species from
other studies was presented in Table 15.2. The amount of Pb content in different plant
parts of the three studied species was significantly lower compared to that from some
of the previous studies (Pan et al. 2019; Chang et al. 2018), this result was attributable
to the 50-1000 times lower in Pb concentration in soil from our study site (Table
15.2). Whereas, the values of bioaccumulation factor, bioconcentration factor, and
translocation factor of this study were within the range of previous studies. Most of the
plant species contained more metals in their roots than in the above-ground parts and
can be classified as phytostabilizer. The ability of the plant to absorb and translocate
heavy metals into the plant system is strongly determined by their solubility and
complexity (Chaabani et al. 2017; Rungwaa et al. 2013). Pb contaminated in soil
being absorbed and uptaken by plants occurs either passively with the water flow
taken by roots or actively through the plasma membrane of root epidermal cells
(Nouri et al. 2011).

In screening the suitable and effective plant for phytoremediation, besides the
characteristics of accumulation or fixation of metals by plants, there are some other
botanical features, such as abundance, a high growth rate, and good biomass yields
(Ali et al. 2013) that should be considered. In general, L. camara and A. muntifolium
are two species of plants with relatively large biomass, fast growth, and easy cultiva-
tion. Especially, A. muntifolium is hyperaccumulators, this plant can live well in soils
contaminated with heavy metals and accumulate unusually high concentrations of
metals in their leaves. Therefore, L. camara and A. muntifolium might be selected for
Pb treatment in coal mine soil. E. indica is not a super-accumulator of Pb, however,
this species can grow and develop in the mine site and can accumulate Pb, suggesting
that it is a potential Pb-processing species in the soil. Behind, with the high amount
of Pb content in the root, E. indica is an effective material for phytostabilization with
a high potential to minimize the concentration of Pb in the soil while reducing the
risk of entry into the food chain.
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15.4 Conclusion

The concentration of Pb in soil and dominant native plant species was investi-
gated from Vang Danh coal mine to determine the potential capacity of these plants
for phytoremediation. The concentration of Pb in soil samples varied from 35 to
71 mg/kg, and these values were within the Vietnamese standard for Pb concentra-
tion in soil. The results indicated that plant native species in the study site could
grow intolerance to Pb contaminants. L. camara was found to have the highest Pb
accumulated at 3.38 mg/kg for average. The concentrations of Pb were lower for E.
indica and A. muntifolium at 1.67 mg/kg and1.37 mg/kg, respectively. None of the
studied species appeared to be suitable for phytoextraction. Based on the monitoring,
the plants with high enrichment coefficients but translocation factor smaller than one
like L. camara and E. indica could be appropriate for phytostabilization, while A.
muntifolium, characterized by the translocation factor larger than one and the small
biological absorption coefficient can be considered for the potential application to
hyperaccumulation. The phytoremediation potential of native plant species should
be investigated further for building better heavy metal remediation practices in the
mine site in Vietnam to mitigate the negative impacts of mining on the environment
and human health.
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