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ABSTRACT 
 

Aims: With lead being one of the most common soil contaminants and phytoextraction has been 
reported as a prospective method for remediation of lead-contaminated soil, this review aims to 
examine the feasibility of lead phytoextraction as well as its constraints and concerns. 
Study Design:  This is a literature review. 
Methodology: Peer-reviewed papers were sourced from scholarly databases. The papers included 
in the review were mainly those about phytoextraction of lead, particularly with the shoot, soil and 
root concentrations of lead mentioned as well as the bioconcentration and translocation factors 
stated. Besides, papers discussing the limits, for instance, the duration of lead phytoextraction, and 
concerns of the approach were also included.  
Results: This review found only 11 plants have been reported to accumulate lead in shoots at 
nominal threshold of near or above 1,000 mg Pb/kg dry weight and in certain cases, soil amendment 
was required to achieve this. Only two of the plants had bioconcentration factor > 1 and another two 
had translocation factor > 1. None of the plants fulfilled all three criteria of a successful 
hyperaccumulator, indicating the constraints and a lack of feasibility of lead phytoextraction. 
Besides, lead phytoextraction has been predicted to require significant amount of time, hence 
increasing the risk of exposure to lead.  
Conclusion: This review highlights that lead phytoextraction may not be feasible for the remediation 
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of lead-contaminated soil. It recommends phytostabilization as a more viable alternative to 
immobilize lead in rhizosphere and reduce lead exposure.  
 

 
Keywords: Bioaccumulation; lead; phytoextraction; phytostabilization; safety; translocation. 
 

1. INTRODUCTION  
 
Anthropogenic activities have left behind a 
multitude of contaminants in the environment 
with soil included [1]. The emergence of 
phytoremediation which involves the use of 
plants to remove contaminants from soil and 
other components of the environment has 
provided a cost-effective and uncomplicated 
environmental remediation option though it often 
requires longer time to reduce contaminants to 
acceptable levels [2]. To enhance the 
effectiveness of phytoremediation, application of 
microbes and modification of abiotic conditions 
could be employed concurrently. These could 
enhance the mechanisms of phytoremediation 
which typically comprises rhizofiltration, 
phytostabilization and phytodegradation 
occurring in the root zone as well as 
phytovolatilization and phytoextraction occurring 
aboveground [3].  
 
Rhizofiltration involves the removal of 
contaminants through absorption or adsorption 
by roots, usually in an aquatic environment to 
clean up water [4,5]. Phytostabilization 
immobilizes contaminants and it generally occurs 
near the root zone where roots facilitate the 
binding of pollutants to soil or secrete substances 
that convert pollutants to a less toxic form [4,6]. 
Phytodegradation, however, is the degradation of 
soil contaminants by the microorganisms 
attached to plant roots or by the enzymes 
secreted by the roots [7]. Aboveground, 
phytovolatilization releases contaminants 
absorbed from soil or water into the air and in 
some instances, the contaminants would have 
been transformed into more volatile or less 
polluting variants. In phytoextraction, pollutants 
are taken up from soil or water by roots and 
transported to the aboveground biomass [8]. This 
is the predominant mechanism of 
hyperaccumulators for removing environmental 
contaminants. 
 
Lead is a common soil pollutant. It is naturally 
occurring at a concentration of approximately 20 
mg/kg though its concentration varies in different 
formation for instance 2.4 mg/kg in basalt and 30 
mg/kg in granite [9]. Lead mining has a long 
history and was initially associated with silver 

extraction from lead-silver alloys [10]. In 2019, 
the global mine production of lead totalled 4.5 
million tonnes with China leading lead production 
with a share of 46.7%. In terms of refined 
production of lead, the amount in 2019 was 11.3 
million tonnes and the largest share also came 
from China (42.7%), followed by United States 
(9.8%) and South Korea (6.7%) [11]. With high 
density, low melting point and malleability, lead 
has found a wide range of uses, for instance in 
pipes, printing presses, batteries and paints [12]. 
While the uses of lead have been increasingly 
regulated due to health and environmental 
concerns, the remnant lead in the environment, 
particularly in soil remains a major public health 
threat. It has been reported that surface soils 
globally especially in urban areas still contain 
high levels of lead [13,14] and the lead contents 
could be linked to point sources such as lead 
mining and smelting or non-point sources such 
as incineration and wind-blown particles [15].  

 
Numerous approaches have been employed to 
modify the speciation, mobility and bioavailability 
of lead  to render it less harmful [16]. These 
include the application of biochar [17], biosolids 
[18] and zero-valent iron nanoparticles [19]. 
Nonetheless, such modifications usually incur 
high cost and are reversible in certain cases [20]. 
Excavation of lead contaminated soil for 
containment or treatment is the preferred option 
of many regulators but it is cost-prohibitive and 
logistically challenging. Besides, it diverts the risk 
of lead contamination elsewhere [21]. Covering 
contaminated soil with new soil, geotextile and 
mulches are significantly less costly and could be 
effective in limiting exposure provided that 
maintenance of the coverings is periodically 
conducted [22,23]. Despite, the contaminated 
soil is not remediated. Phytoremediation, 
therefore, receives the attention as a low-cost 
option to remove lead from soil.  

 
Lead is usually strongly bound to soil particles 
and immobilized unless it is desorbed from the 
binding sites and this process is very slow. After 
desorption, lead needs to move through soil 
solution before adsorbing to or precipitating at 
new binding sites [16]. Binding sites with high 
concentrations of organic matter and clays 
having reactive surfaces facilitate accumulation 
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of lead [24]. Solubilized or mobilized lead can be 
absorbed by roots in ionic or chelated form, 
actively or passively while lead not absorbed by 
plants will eventually find its way to the 
groundwater [25]. With the concern of lead in the 
environment and the potential of 
phytoremediation to remove lead from soil, this 
review serves two aims 1) It examines the 
feasibility of phytoextraction of lead from soil with 
the criteria of good hyperaccumulation, and 2) It 
highlights the constraints and concerns of lead 
phytoextraction.  
 

2. METHODOLOGY 
 
This review retrieved peer-reviewed scholarly 
articles from databases comprising Google 
Scholar, Web of Science, ProQuest and Scopus 
with keywords such as lead, phytoremediation, 
phytoextraction, efficiency, bioaccumulation 
factor, translocation factor and 
hyperaccumulation [26,27]. Papers concerning 
phytoremediation in general or not focusing on 
lead were excluded. The papers included were 
mainly those about phytoextraction of lead, 
particularly with the shoot, soil and root 
concentrations of lead mentioned as well as the 
bioconcentration and translocation factors stated. 
Besides, papers discussing the limits, for 
instance, the duration of lead phytoextraction, 
and concerns of the approach were also 
included.  
 

3. RESULTS AND DISCUSSION 
 
3.1 Criteria of Lead Hyperaccumulation 
  
Lead is commonly extracted from soil by 
hyperaccumulators. Hyperaccumulator was 
initially coined for plants which could concentrate 
> 1,000 mg of Ni per kg dry weight. It was 
subsequently extended to other metals and 
metalloids. To qualify as a hyperaccumulator, a 
plant must be able to accumulate a minimum of 
100 mg/kg Cd, Se and Tl, 300 mg/kg Cu, Co and 
Cr, 1,000 mg/kg Ni, As and Pb, 10,000 mg/kg 
Mn, or 3,000 mg/kg Zn, without showing signs of 
phytotoxicity [28,29]. A hyperaccumulator could 
normally concentrate a contaminant to a level 10 
to 1,000 times higher than that by a non-
hyperaccumulator under natural conditions 
without soil and nutrients amendment [30]. A 
hyperaccumulator typically has a 
bioconcentration factor > 1, a translocation factor 
> 1 and high tolerance to a metal due to certain 
biochemical processes [30]. The reason that 
natural condition has been emphasized as a 

criterion of hyperaccumulators is that there were 
instances where addition of chelating agents and 
nutrient solutions significantly enhanced lead 
uptake and translocation in Brassica juncea 
(Indian mustard) and Brassica napus (canola) 
through mobilizing lead in soil water and 
weakening root membranes [31,25]. 
Concurrently, such lead mobilization also caused 
more leaching into groundwater and this is 
impractical for remediation [32]. It is therefore 
crucial to examine if the effectiveness of lead 
phytoremediation reported in the literature is not 
due to the effect of chelating agents such as 
EDTA. A successful lead hyperaccumulator is 
one with shoot concentration having a nominal 
threshold of 1,000 mg Pb/kg dry weight, a 
bioconcentration factor (BCF) > 1 and a 
translocation factor (TF) > 1 [30]. While the 
definitions of bioconcentration and translocation 
factors are inconsistent in literature, 
bioconcentration factor in this review refers to the 
ratio of shoot concentration over soil 
concentration ([shoot]/[soil]) while translocation 
factor is the ratio of shoot concentration over root 
concentration ([shoot]/[root]) [30]. Both are 
indicators of phytoextraction.  

 
3.2 Feasibility of Lead Phytoextraction 
 
Hyperaccumulation of lead is not common as 
lead has limited phytoavailability due to its 
immobilization in soil. This review found only 10 
plant species containing > 1,000 mg Pb/ kg dry 
weight and 1 species near 1,000 mg Pb/kg dry 
weight (Table 1). The studies reporting high 
nominal threshold of lead were conducted with 
highly contaminated soil with lead concentrations 
ranging from 1,422 – 22,234 mg/kg. In addition, 
the uptake of lead by plants correlates with its 
bioavailability in soil and it is likely that the 
conditions in these studies favored high 
phytoavailability of lead. In addition, the fact that 
some of the studies were conducted in field 
settings where wind and rain might cause 
resuspension of contaminated soil particles and 
their subsequent deposition on plant surfaces 
could contribute to elevated lead concentrations 
in plant tissues. The soil pH in these studies 
varied with four studies reported acidic soil pH of 
4.7 – 5.4 while others reported alkaline soil pH of 
7.3 – 8. While low pH favors solubilization of 
lead, the studies did not demonstrate a regular 
variation of lead uptake with pH. A reason is that 
soluble complexes formed a higher pH such as 
those  between lead and soil organic matter 
could also  increase  phytoavailability of lead 
[33].  
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Table 1. Plant with Significant Ability to Accumulate Lead 
 

Plant Scientific Name Pb in Shoot 
(mg/kg dw) 

Pb in Soil 
(mg/kg) 

BCF TF Soil 
pH 

Ref. 

Arrowhead 
violet 

Viola 
baoshanensis 

1,902 9,689 0.20 1.48 NA [34] 

Burma 
padauk* 

Pterocarpus 
macrocarpus 

1,132 9,850 – 
22,234 

0.11 
max 

0.08 7.4 [35] 

Geranium Pelargonium 
capitatum cv. 
‘Atomic’ 

1,107 1,830 0.60 NA 8.0 [36] 

Geranium Pelargonium 
capitatum cv. 
‘Attar’ 

1,467 1,830 0.80 NA 8.0 [36] 

Geranium Pelargonium 
capitatum cv. 
‘Clorinda’ 

1,182 1,830 0.65 NA 8.0 [36] 

Groundsel Senecio sp. 4,253 13,105 0.32 9.00 7.3 [37] 

Norway 
spruce 

Picea abies 3,000 1,422 2.11 NA 5.3 [38] 

Scotch pine Pinus silvestris 2,500 1,422 1.75 NA 5.3 [38)] 

Ryegrass Lolium perenne 
cv. ‘Cadix’ 

2,000 20,703 0.10 NA 5.4 [39] 

Thai crape 
myrtle* 

Lagerstroemia 
floribunda 

1,338 9,850 – 
22,234 

0.14 
max 

0.10 7.4 [35] 

Vetiver* Vetiveria 
zizanoides 

934 22,234 0.04 NA 4.7 [40] 

*Subject to soil amendment 
 

The contents of soil organic matter are known to 
affect lead mobility. Organic matter could 
increase lead mobility by forming mobile chelates 
or decrease mobilization of lead through binding 
and precipitation [24]. The studies in Table 1 
demonstrating lead hyperaccumulation had 
generally low soil organic matter between 0.12% 
to 5%, in contrast to a typical 5% for field soils 
probably due to a lack of organic matter 
replenishment as the soils were subject to 
anthropogenic disturbance [41]. Soil texture also 
contributes to lead uptake by plant. Sandy soils 
might result in higher lead mobility due to the 
presence of macropores and low cation 
exchange capacity [41]. Silt loam soils, however, 
could bind lead to a greater extent due to the 
presence of clay [42]. The clay profile of the 11 
cases of hyperaccumulation reported was not 
provided to allow an evaluation of how clay 
profile affected the efficiency of 
hyperaccumulation. 
 
In relation to BCF and TF > 1 defined by van der 
Ent et al. for hyperaccumulators, only Norway 
spruce and Scotch pine meet the requirement for 
BCF while only arrowhead violet and groundsel 
meet the requirement for TF. Nonetheless, only 
few studies reported the TF values or allowed the 

values to be calculated and it cannot be ruled out 
that other plants whose TF values are not 
available are not able to meet the defined TF 
requirement. With the current available data, 
none of the plants in Table 1 seem to be able to 
qualify as successful hyperaccumulators defined 
in Section 3.1, though arrowhead violet, 
groundsel, Norway spruce and Scotch pine meet 
two of the three criteria of a successful 
hyperaccumulator.  
 
Therefore, an obvious limitation in 
phytoextraction of lead is in the selection of 
plants which could meet all the requirements of a 
hyperaccumulator and in many instances, soil 
modification may be required. Some of the 
studies in Table 1, for instance, those involving 
Thai crape myrtle and vetiver were subject to soil 
amendment through the application of fertilizers. 
The use of chemical fertilizers would increase the 
cost of phytoremediation, hence reducing its 
cost-effectiveness. Where fertilizer application is 
required, organic fertilizers such as compost and 
biosolids could be considered. There are multiple 
studies conducted on chelate-assisted 
phytoextraction, for instance, it was found that Pb 
accumulation by cattail (Typha latifolia) was 
greatly enhanced with TF ≥ 1 and BCF ≥ 2 when 
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subjected to citric acid amendment under 
hydroponic condition. However, such 
amendment brings in additional cost 
consideration and the study setting has limited 
relevance to soil phytoremediation [43]. While 
chelating agents such as citric acid and EDTA 
could increase the mobilization of lead in soil, 
thus enhancing uptake by plants, there are 
concerns of increased leaching of lead to 
groundwater and contamination of ecosystems 
which would add to the cost of environmental 
damage [44]. Besides, EDTA is expensive and it 
counteracts the cost advantage offered by 
phytoremediation [45].  
 

3.3 Microbial Communities Associated 
with Plants 

 
Studies have pointed to the toxic effects of lead 
and other heavy metals on microbial biomass, 
activity and diversity [46,47]. Different bacteria 
demonstrated different resistance to lead. For 
instance, Proteobacteria, Verrucomicrobia, 
Firmicutes and Actinobacteria were found to be 
highly sensitive to lead and other heavy metals 
[47]. Despite, Xu et al. also found certain 
members of Proteobacteria and Verrucomicrobia 
to be lead- and zinc-tolerant [48]. While the 
bacterial communities are affected by lead 
contamination, they may also have a role to play 
in lead phytoremediation. Sessitsch et al. found 
microbial communities to modify root absorption 
through increasing root length and hairs or 
bioavailability of metals [49]. Mycorrhiza growing 
on roots has also been reported to increase lead 
uptake and transport to shoot [40,50]. However, 
in some instances, mycorrhiza caused 
immobilization of lead in soil but there could be 
other confounding factors at play that require 
further investigation [51,52]. There is a need to 
further understand how microbial interactions 
affect lead phytoavailability.  
 

3.4 Duration and Safety of Lead 
Phytoextraction 

 

Uptake of lead by a successful hyperaccumulator 
which fulfils the criteria stated in Section 3.1 may 
occur over a long duration. Pelargonium attar 
with the ability to hyperaccumulate lead was 
estimated to take at least 151 years to 
phytoremediate a calcareous soil with a pH of 8 
contaminated with 1,830 mg Pb/kg. In acidic soil 
with pH of 6 contaminated with 39,250 mg Pb/kg, 
the phytoremediation would take 914 years [36]. 
The estimation was conducted using a linear 
model which correlates quantity of lead extracted 

per hectare per year to dry weight of plant 
biomass per plant, density of plants per hectare, 
total lead concentration in per kg of shoot dry 
weight, as well as the number of crops per year. 
Van Nevel et al., however, was of the opinion 
that a logarithmic removal model with successive 
cropping could be more realistic for metal as 
linear model tends to overestimate remediation 
capacity. The reason is that the available metals 
for phytoextraction are likely to decrease with 
time, in addition to other confounding factors 
such as depleting nutrients in soil [53]. To date, it 
is still a challenge to derive a reliable mechanistic 
model to satisfactorily estimate the changes of 
metals in different compartments of soil with time 
and the resultant changes in plant uptake [54]. 
 
The slow phytoextraction of lead was also 
reported by Porebska and Ostrowska that each 
cropping cycle only removes less than 1% of 
lead in soil and it would take years to attain 
significant lead removal [55]. It is therefore 
crucial to test how different stages of plant 
growth and agricultural practices could optimize 
removal of heavy metals. With optimization, 
significant removal of lead from soil could still 
take decades [55]. Therefore, the long duration 
required for phytoremediation of lead-
contaminated soil and the need of manpower for 
maintenance of plants and monitoring of 
phytoremediation give rise to safety concerns in 
the application of lead phytoextraction by 
hyperaccumulators. Human exposure to lead 
over the duration of phytoremediation remains a 
possibility especially on contaminated sites with 
high lead concentrations and phytoextraction as 
a slow process prolongs such exposure [56,57]. 
Besides, translocation of lead to aboveground 
biomass during phytoextraction may introduce 
lead into food chain, as well as cause 
accumulation of lead in topsoil and lead 
exposure due to dispersed plant materials 
contaminated with lead. It, therefore, warrants, 
special attention in the selection of plants for 
phytoextraction and edible crops are to be 
avoided [45].  

 
4. CONCLUSION 
 
Phytoextraction of lead has been perceived as a 
prospective method to remediate lead 
contaminated soil in many studies. However, its 
practical feasibility has not been adequately 
assessed. To qualify as a successful 
hyperaccumulator for lead phytoextraction, three 
criteria have been proposed, namely, a nominal 
threshold of 1,000 mg Pb/ kg dry weight of shoot, 
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a BCF > 1 and a TF > 1. This review shows that, 
based on the available data, none of the plants 
included in the review, meet all the requirements. 
Besides, phytoextraction has been demonstrated 
with modelling to be time-consuming and this 
significantly increases exposure of human as 
well as other organisms to lead. Soil amendment 
with chelating agents is cost-prohibitive and 
imposes risk of leaching, hence groundwater 
contamination. Therefore, phytoextraction may 
not be feasible in the remediation of lead. 
Phytostabilization could be considered as a 
better alternative as it immobilizes lead in the 
environment through rhizosphere, hence 
reducing exposure though it does not remove 
lead from soil. It is to be noted, while aiming to 
be as comprehensive as possible, this review 
might not have included all studies with plants 
fully or partially demonstrating the features of a 
lead hyperaccumulator.   

 

COMPETING INTERESTS 
 
Author has declared that no competing interests 
exist. 

 

REFERENCES 
 
1. Raskin I, Kumar PBAN, Dushenkov S, Salt 

DE. Bioconcentration of heavy metals by 
plants. Curr Opin Biotechnol. 1994;5(3): 
285–90.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/0958166994900302 

2. IPS. International Phytotechnology 
Society; 2019.  
Available:https://phytosociety.org/ 

3. Chaney RL, Angle JS, Broadhurst CL, 
Peters CA, Tappero R V, Sparks DL. 
Improved Understanding of 
Hyperaccumulation Yields Commercial 
Phytoextraction and Phytomining 
Technologies. J Environ Qual 2007;36(5): 
1429–43.  
Available:https://doi.org/10.2134/jeq2006.0
514 

4. Tang KHD. Phytoremediation of Soil 
Contaminated with Petroleum 
Hydrocarbons: A Review of Recent 
Literature. Glob J Civ Environ Eng. 2019; 
1(December):33–42.  

5. Tang KHD, Chai HTJ. The Effect of 
Fertilizer on Epipremnum Aureum in 
Phytoremediating Soil Contaminated with 
Crude Oil. IOP Conf Ser Mater Sci Eng 
2020;943:12032.  
Available:http://dx.doi.org/10.1088/1757-

899X/943/1/012032 
6. Tang KHD, Law YWE. Phytoremediation of 

soil contaminated with crude oil using 
Mucuna Bracteata. Res Ecol. 2019;1(1).  

7. Tang K, Angela J. Phytoremediation of 
crude oil-contaminated soil with local plant 
species. IOP Conf Ser Mater Sci Eng 
2019;495:12054.  
Available: http://dx.doi.org/10.1088/1757-
899X/495/1/012054 

8. Tang KHD, Awa SH, Hadibarata T. 
Phytoremediation of Copper-Contaminated 
Water with Pistia stratiotes in Surface and 
Distilled Water. Water, Air, Soil Pollut. 
2020; 231(12):573.  
Available: https://doi.org/10.1007/s11270-
020-04937-9 

9. Hu Z, Gao S. Upper crustal abundances of 
trace elements: A revision and update. 
Chem Geol 2008;253(3):205–21.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S000925410800185X 

10. Pompeani DP, Abbott MB, Steinman BA, 
Bain DJ. Lake Sediments Record 
Prehistoric Lead Pollution Related to Early 
Copper Production in North America. 
Environ Sci Technol. 2013;47(11): 5545–
52.  
Available:https://doi.org/10.1021/es304499
c 

11. Government of Canada. Lead facts; 2021.  
Available:https://www.nrcan.gc.ca/our-
natural-resources/minerals-
mining/minerals-metals-facts/lead-
facts/20518 

12. International Lead Association. Lead 
production & statistics; 2019.  
Available:https://www.ila-lead.org/lead-
facts/leadproduction–%0Astatistics 

13. Cheng Z, Paltseva A, Li I, Morin T, Huot H, 
Egendorf S, et al. Trace metal 
contamination in New York City garden 
soils. Soil Sci. 2015;180(4/5):167–74.  

14. Marx SK, Rashid S, Stromsoe N. Global-
scale patterns in anthropogenic Pb 
contamination reconstructed from natural 
archives. Environ Pollut. 2016;213:283–98.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S0269749116301014 

15. Alloway BJ. Sources of Heavy Metals and 
Metalloids in Soils BT  - Heavy Metals in 
Soils: Trace Metals and Metalloids in Soils 
and their Bioavailability. In: Alloway BJ, 
editor. Dordrecht: Springer Netherlands; 
2013;11–50.  
Available:https://doi.org/10.1007/978-94-
007-4470-7_2 



 
 
 
 

Tang; ASRJ, 5(4): 1-9, 2021; Article no.ASRJ.75237 
 

 

 
7 
 

16. Hettiarachchi GM, Pierzynski GM. Soil lead 
bioavailability and in situ remediation of 
lead-contaminated soils: A review. Environ 
Prog. 2004;23(1):78–93.  
Available:https://doi.org/10.1002/ep.10004 

17. He L, Zhong H, Liu G, Dai Z, Brookes PC, 
Xu J. Remediation of heavy metal 
contaminated soils by biochar: 
Mechanisms, potential risks and 
applications in China. Environ Pollut 
[Internet]. 2019;252:846–55.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S0269749119308437 

18. Brown SL, Clausen I, Chappell MA, 
Scheckel KG, Newville M, Hettiarachchi 
GM. High-Iron Biosolids Compost–Induced 
Changes in Lead and Arsenic Speciation 
and Bioaccessibility in Co-contaminated 
Soils. J Environ Qual. 2012;41(5):1612–22.  
Available:https://doi.org/10.2134/jeq2011.0
297 

19. Liu R, Zhao D. Reducing leachability and 
bioaccessibility of lead in soils using a new 
class of stabilized iron phosphate 
nanoparticles. Water Res. 
2007;41(12):2491–502.  
Available: 
https://www.sciencedirect.com/science/arti
cle/pii/S0043135407001960 

20. Obrycki JF, Basta NT, Scheckel K, 
Stevens BN, Minca KK. Phosphorus 
Amendment Efficacy for In Situ 
Remediation of Soil Lead Depends on the 
Bioaccessible Method. J Environ Qual 
2016;45(1):37–44. 
Available: 
https://doi.org/10.2134/jeq2015.05.0244 

21. US EPA. Soil screening guidance: 
Technical background document. 
Washington, DC; 1996. 
(EPA/540/R95/128).  

22. Walsh D, Glass K, Morris S, Zhang H, 
McRae I, Anderson N, et al. Sediment 
exchange to mitigate pollutant exposure in 
urban soil. J Environ Manage [Internet]. 
2018;214:354–61. 
Available: 
https://www.sciencedirect.com/science/arti
cle/pii/S0301479718302366 

23. Laidlaw MAS, Filippelli GM, Brown S, Paz-
Ferreiro J, Reichman SM, Netherway P, et 
al. Case studies and evidence-based 
approaches to addressing urban soil lead 
contamination. Appl Geochemistry. 
2017;83:14–30.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S0883292717301737 

24. Shahid M, Pinelli E, Dumat C. Review of 
Pb availability and toxicity to plants in 
relation with metal speciation; role of 
synthetic and natural organic ligands. J 
Hazard Mater. 2012;219–220:1–12.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S030438941200091X 

25. Huang JW, Chen J, Berti WR, 
Cunningham SD. Phytoremediation of 
Lead-Contaminated Soils:  Role of 
Synthetic Chelates in Lead 
Phytoextraction. Environ Sci Technol 
[Internet]. 1997;31(3): 800–5.  
Available from: 
https://doi.org/10.1021/es9604828 

26. Tang KHD. Hydroelectric dams and power 
demand in Malaysia: A planning 
perspective. J Clean Prod. 
2020;252:119795.  
Available:http://www.sciencedirect.com/sci
ence/article/pii/S0959652619346657 

27. Tang KHD. Are We Already in a Climate 
Crisis? Glob J Civ Environ Eng. 
2019;1:25–32.  

28. Baker AJM, McGrath SP, Sidoli CMD, 
Reeves RD. The possibility of in situ heavy 
metal decontamination of polluted soils 
using crops of metal-accumulating plants. 
Resour Conserv Recycl 1994;11(1):41–9.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/0921344994900779 

29. Reeves RD. Hyperaccumulation of trace 
elements by plants BT  - Phytoremediation 
of Metal-Contaminated Soils. In: Morel J-L, 
Echevarria G, Goncharova N, editors. 
Dordrecht: Springer Netherlands; 2006;25–
52.  

30. van der Ent A, Baker AJM, Reeves RD, 
Pollard AJ, Schat H. Hyperaccumulators of 
metal and metalloid trace elements: Facts 
and fiction. Plant Soil. 2013;362(1):319–
34.  
Available:https://doi.org/10.1007/s11104-
012-1287-3 

31. Blaylock MJ, Salt DE, Dushenkov S, 
Zakharova O, Gussman C, Kapulnik Y, et 
al. Enhanced Accumulation of Pb in Indian 
Mustard by Soil-Applied Chelating Agents. 
Environ Sci Technol 1997;31(3):860–5.  
Available:https://doi.org/10.1021/es960552
a 

32. Wu LH, Luo YM, Xing XR, Christie P. 
EDTA-enhanced phytoremediation of 
heavy metal contaminated soil with Indian 
mustard and associated potential leaching 
risk. Agric Ecosyst Environ 2004; 
102(3):307–18.  



 
 
 
 

Tang; ASRJ, 5(4): 1-9, 2021; Article no.ASRJ.75237 
 

 

 
8 
 

Available:https://www.sciencedirect.com/sc
ience/article/pii/S016788090300313X 

33. Sposito G. The chemistry of soils. Oxford 
university press; 2008.  

34. Wu C, Liao B, Wang S-L, Zhang J, Li J-T. 
Pb and Zn Accumulation in a Cd-
Hyperaccumulator (Viola Baoshanensis). 
Int J Phytoremediation. 2010;12(6):574–
85.  
Available:https://doi.org/10.1080/15226510
903353195 

35. Meeinkuirt W, Pokethitiyook P, 
Kruatrachue M, Tanhan P, Chaiyarat R. 
Phytostabilization of a Pb-Contaminated 
mine tailing by various tree species in pot 
and field trial experiments. Int J 
Phytoremediation. 2012;14(9):925–38.  
Available: 
https://doi.org/10.1080/15226514.2011.636
403 

36. Arshad M, Silvestre J, Pinelli E, Kallerhoff 
J, Kaemmerer M, Tarigo A, et al. A field 
study of lead phytoextraction by various 
scented Pelargonium cultivars. 
Chemosphere. 2008;71(11):2187–92.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S004565350800177X 

37. Bech J, Duran P, Roca N, Poma W, 
Sánchez I, Roca-Pérez L, et al. 
Accumulation of Pb and Zn in Bidens 
triplinervia and Senecio sp. spontaneous 
species from mine spoils in Peru and their 
potential use in phytoremediation. J 
Geochemical Explor [Internet]. 
2012;123:109–13.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S0375674212001239 

38. Grobelak A, Placek A, Grosser A, Singh 
BR, Almås ÅR, Napora A, et al. Effects of 
single sewage sludge application on soil 
phytoremediation. J Clean Prod [Internet]. 
2017;155:189–97. 
Available:https://www.sciencedirect.com/sc
ience/article/pii/S0959652616315888 

39. Karami N, Clemente R, Moreno-Jiménez 
E, Lepp NW, Beesley L. Efficiency of green 
waste compost and biochar soil 
amendments for reducing lead and copper 
mobility and uptake to ryegrass. J Hazard 
Mater [Internet]. 2011;191(1):41–8.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S0304389411004638 

40. Schneider J, Bundschuh J, do Nascimento 
CWA. Arbuscular mycorrhizal fungi-
assisted phytoremediation of a lead-
contaminated site. Sci Total Environ 
[Internet]. 2016;572:86–97. 

Available:https://www.sciencedirect.com/sc
ience/article/pii/S0048969716316394 

41. Weil R, Brady B. The nature and properties 
of soils. 15th ed. Columbus: Pearson; 
2016.  

42. Luo X, Yu S, Li X. Distribution, availability, 
and sources of trace metals in different 
particle size fractions of urban soils in 
Hong Kong: Implications for assessing the 
risk to human health. Environ Pollut 
[Internet]. 2011;159(5):1317–26.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S0269749111000352 

43. Amir W, Farid M, Ishaq HK, Farid S, Zubair 
M, Alharby HF, et al. Accumulation 
potential and tolerance response of Typha 
latifolia L. under citric acid assisted 
phytoextraction of lead and mercury. 
Chemosphere. 2020;257:127247.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S0045653520314405 

44. Gul I, Manzoor M, Silvestre J, Rizwan M, 
Hina K, Kallerhoff J, et al. EDTA-assisted 
phytoextraction of lead and cadmium by 
Pelargonium cultivars grown on spiked 
soil. Int J Phytoremediation. 
2019;21(2):101–10.  
Available:https://doi.org/10.1080/15226514
.2018.1474441 

45. Blaustein R. Phytoremediation of Lead: 
What Works, What Doesn’t. Bioscience 
[Internet]. 2017; 67(9):868.  
Available:https://doi.org/10.1093/biosci/bix
089 

46. Hong C, Si Y, Xing Y, Li Y. Illumina MiSeq 
sequencing investigation on the 
contrasting soil bacterial community 
structures in different iron mining areas. 
Environ Sci Pollut Res. 2015; 
22(14):10788–99.  
Available:https://doi.org/10.1007/s11356-
015-4186-3 

47. Fajardo C, Costa G, Nande M, Botías P, 
García-Cantalejo J, Martín M. Pb, Cd, and 
Zn soil contamination: Monitoring 
functional and structural impacts on the 
microbiome. Appl Soil Ecol 2019;135:56–
64.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S0929139318305109 

48. Xu X, Zhang Z, Hu S, Ruan Z, Jiang J, 
Chen C, et al. Response of soil bacterial 
communities to lead and zinc pollution 
revealed by Illumina MiSeq sequencing 
investigation. Environ Sci Pollut Res. 
2017;24(1):666–75.  
 



 
 
 
 

Tang; ASRJ, 5(4): 1-9, 2021; Article no.ASRJ.75237 
 

 

 
9 
 

Available:https://doi.org/10.1007/s11356-
016-7826-3 

49. Sessitsch A, Kuffner M, Kidd P, 
Vangronsveld J, Wenzel WW, Fallmann K, 
et al. The role of plant-associated bacteria 
in the mobilization and phytoextraction of 
trace elements in contaminated soils. Soil 
Biol Biochem. 2013;60:182–94.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S0038071713000230 

50. Chen L, Hu X, Yang W, Xu Z, Zhang D, 
Gao S. The effects of arbuscular 
mycorrhizal fungi on sex-specific 
responses to Pb pollution in Populus 
cathayana. Ecotoxicol Environ Saf. 2015; 
113:460–8.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S0147651314005880 

51. Rhee YJ, Hillier S, Pendlowski H, Gadd 
GM. Fungal transformation of metallic lead 
to pyromorphite in liquid medium. 
Chemosphere [Internet]. 2014;113:17–21.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S0045653514004421 

52. Lee KK, Tang KHD. Agaricales (Gilled 
Mushrooms) as Biosorbents of Synthetic 
Dye. Malaysian J Med Heal Sci. 
2020;16(SUPP11):10–7.  

53. Van Nevel L, Mertens J, Oorts K, 
Verheyen K. Phytoextraction of metals 
from soils: How far from practice? Environ 

Pollut [Internet]. 2007;150(1):34–40.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S026974910700259X 

54. Robinson B, Schulin R, Nowack B, Roulier 
S, Menon M, Clothier B, et al. 
Phytoremediation for the management of 
metal flux in contaminated sites. For Snow 
Landsc Res. 2006;80(2):221–4.  

55. Porębska G, Ostrowska A. Heavy Metal 
Accumulation in Wild Plants: Implications 
for Phytoremediation. Polish J Environ 
Stud [Internet]. 1999;8(6):433–42.  
Available:http://www.pjoes.com/Heavy-
Metal-Accumulation-in-Wild-Plants-
Implications-for-
Phytoremediation,87268,0,2.html 

56. Tang KHD. A comparative overview of the 
primary Southeast Asian safety and health 
laws [Internet]. Vol. ahead-of-p, 
International Journal of Workplace Health 
Management. 2020.  
Available:https://doi.org/10.1108/IJWHM-
10-2019-0132 

57. Tang KHD. A Review of Psychosocial 
Models for the Development of 
Musculoskeletal Disorders and Common 
Psychosocial Instruments. Arch Curr Res 
Int [Internet]. 2020;20(7):9–19.  
Available:https://doi.org/10.9734/acri/2020/
v20i730207 

_________________________________________________________________________________ 
© 2021 Tang; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 

 
Peer-review history: 

The peer review history for this paper can be accessed here: 
https://www.sdiarticle4.com/review-history/75237 

http://creativecommons.org/licenses/by/4.0

