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Abstract  

Contamination by potential toxic elements (PTEs) is a severe problem threatening soil 

environment and human health worldwide. The present study investigated an electronic 

waste (e-waste) site in Nigeria contaminated by PTEs including Cd, Cr, Cu, Ni, Pb and Zn. 

Eight plant species (Pennisetum purpureum, Pentodon pentandrus, Amaranthus spinosous, 

Kyllinga pumila michx, Alternanthera sessilis, Cyperus dissiformis, Colocassia esculenta, 

Tridax procumbens) were analysed for their bioaccumulation abilities for PTEs. These plant 

species showed different PTE bioaccumulation capabilities, and Zn, Cu and Pb had the 

highest average contents in tissues of all plants. Most PTEs were accumulated in plant roots, 

followed by leaves and stems. Chromium and Cd were priorly accumulated in plant tissues 

due to their significantly higher bioaccumulation concentration factors (BCFs) than other 

PTEs. Among the studied plant species, P. purpureum and T. procumbens possessed a 

significant difference in PTE uptake pattern, suggesting different pathways in PTE 

accumulation and internal transportation. The bioaccumulation capacity of Ni and Cu 

significantly varied among the investigated plant species, whereas Zn, Pb, Cr and Cd showed 

similar bioaccumulation capacity. The present study contributed to a better understanding 

of PTE bioaccumulation by plants and suggested potential candidates for phytoremediation 

process at e-waste dumping sites. 
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Introduction  

Contamination by potential toxic 

elements (PTEs) has become a severe 

problem worldwide (Facchinelli et al., 

2001; Solgi et al., 2012; Deng et al., 

2018a) which is mainly caused by 

anthropogenic activities such as 

agriculture, urbanisation, industrialisation 

and mining ( Wang et al., 2001; Wei and 

Yang, 2010; Li et al., 2014). They are of 

particular concern for their toxicity, 

mobility and non-biodegradability (Wu et 

al., 2015), leading to human health risks 

through bioaccumulation in plants and 

animals or bioconcentration in the food 

chain (Fu et al., 2008; Nabulo et al., 2010; 

Luo et al., 2011; Song and Li, 2015). 

Electronic wastes (e-wastes) containing 

high PTE contents are released into the 

environment at a rate of 20-50 million tons 

per year (Duan et al., 2009; Wang et al., 

2013), with an increasing annual rate of 

4% (Wong et al., 2007). PTEs at e-waste 

sites typically include Cr, Cu, Pb, Sb, Hg, 

Cd, Ni. (Robinson, 2009). When disposed 

of improperly, these hazardous substances 

pose severe threats to the surrounding 

environment and human health (Quan et 

al., 2014; Huang et al., 2016; Deng et al., 

2018b). Therefore, remediation at e-waste 

sites is necessary to remove PTEs and their 

potential ecological impacts. 

Phytoremediation is an effective and 

environmentally friendly approach to 

removing PTEs from contaminated soils 

compared with other physical and 

chemical remediation approaches (Luo et 

al., 2016; Jiang et al., 2018; Saxena et al., 

2020). Plants accumulating extraordinarily 

higher amounts of heavy metals in the 

aerial organs than most species without 

phytotoxic effects are recognised as 

hyperaccumulating plants or 

hyperaccumulators (Rascio and Navari-

Izzo, 2011). Assisted by rhizosphere 

microbes, hyperaccumulators are widely 

used in phytoremediation at PTE-

contaminated sites. Numerous 

hyperaccumulators have been reported for 

different PTEs, e.g., Alyssum bertolonii for 

Ni (Chaney et al., 1997; Li et al., 2003), 

and Minuartia verna and Agrostis tenuis 

for Pb (Salt and Kramer, 2000). Some 

hyperaccumulating plants can even 

accumulate multiple PTEs, e.g., Sagittari 

amontevidensis for 

Al/As/Cr/Cu/Mn/Ni/Pb/V/Zn (Demarco et 

al., 2019), Halogeton glomeratus for 

As/Cd/Cr/Cu/Hg/Ni/Zn (Li et al., 2019), 

Sedum alfredii for Cd/Zn (Deng et al., 

2007; Liu et al., 2019). 

Hyperaccumulators used in 

phytoremediation are usually local plant 

species, which adapt local environment 

well and grow fast. Nevertheless, few 

studies focus on the phytoremediation of 

multiple PTEs at e-waste dumping sites, 

requiring exploration for local 

hyperaccumulating plants with 

engineering potential.  

In the present study, we investigated the 

uptake and accumulation of various PTEs 

by different plant species at an e-waste 

dumping site in Nigeria. Potential toxic 

elements (PTEs) bioaccumulation was 

studied in roots, stems and leaves of eight 

local plant cultivars (Pennisetum 

purpureum, Pentodon pentandrus, 

Amaranthus spinosous, Kyllinga pumila 

michx, Alternanthera sessilis, Cyperus 

dissiformis, Colocassia esculenta, Tridax 

procumbens and Imperata cylindrical). 

The study aimed to comparethe 

bioconcentration factors (BCFs) of PTEs 

between major local plant cultivars, 

explore the different uptake and 

translocation behaviour across PTEs, and 

evaluate the potential of applying them for 
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phytoremediation at e-waste dumping 

sites. 

 

Materials and Methods 

Study Area  
The study area is an e-waste dumping 

site at Alaba International Market (N 

6°27'22'', E 3°11'16.2''), Ojoo, Lagos State, 

Nigeria (Figure 1). The annual temperature 

is 27.0 °C, and the annual precipitation is 

1693 mm, suitable for phytoremediation. 

This site has been used since 2006 to 

dispose of e-waste such as cathode ray 

tubes and television sets (Jiang et al., 

2019). Plant species growing around the 

site include Pennisetum purpureum, 

Pentodon pentandrus, Amaranthus 

spinosous, Kyllinga pumila michx, 

Alternanthera sessilis, Cyperus 

dissiformis, Colocassia esculenta, Tridax 

procumbens and Imperata cylindrical. 

 
Fig. 1: Maps of study area. Green circles with red marks represent sampling points for soil 

PTE analysis and plant collection. 

 

Soil and Plant Sample Collection 

Potential toxic elements contaminated 

soils and plants were collected from 12 

sites in the study area; their geographic 

locations were illustrated in Figure 1 and 

listed in Table 1. 100g soils were taken 

from surface soils (0-15cm) in triplicates at 

each site. After being transferred to the 

laboratory, the soils were blended, air-

dried and sieved through a 2-mm mesh to 

remove stones and plant debris. The tissues 

of eight different plant species namely 

Pennisetum purpureum, Pentodon 

pentandrus, Amaranthus spinosous, 

Kyllinga pumila michx, Alternanthera 

sessilis, Cyperus dissiformis, Colocassia 

Ethiopian Journal of Environmental Studies and Management Volume 15 No.3, 2022 



402 

 

esculenta, Tridax procumbens and 

Imperata cylindrical were collected at 

maturity and in triplicates from the same 

sites as soils. After being placed in clean 

aluminium foil bags, plant species were 

taken back to the laboratory and split into 

leaves, roots and stems. All the parts were 

washed with deionised water, air dried, 

pulverised to pass through a 40-mesh 

sieve, and finally stored at -20°C until 

analysis. 

 

Table 1. Geographic location of soil samples 

Soil samples Coordinates 

S2 N 06º27'22.2'', E 03º11'16.6'' 

S4 N 06º27'22.6'', E 03º11'17.8'' 

S5 N 06º27'23.0'', E 03º11'18.7'' 

S6 N 06º27'22.5'', E 03º11'15.9'' 

S7 N 06º27'22.6'', E 03º11'16.4'' 

S8 N 06º27'22.7'', E 03º11'16.7'' 

S9 N 06º27'22.9'', E 03º11'17.4'' 

S10 N 06º27'22.8'', E 03º11'11.7'' 

S11 N 06º27'23.2'', E 03º11'17.2'' 

S12 N 06º27'22.7'', E 03º11'17.4'' 

S13 N 06º27'23.9'', E 03º11'16.1'' 

S14 N 06º27'24.1'', E 03º11'15.8'' 

S15 Control N 07º26', E E 03º54' 

 

Chemical Analysis 
Soil pH was measured by an HQ411d 

pH meter (soil: water=1:2.5, m/m) after 

one hour of shaking. Total carbon was 

determined by measuring the evolved CO2 

during dry combustion (Nelson and 

Sommers, 1982), and soil organic carbon 

(SOC) was calculated by subtracting the 

inorganic carbon from calcium carbonate 

measured by colorimetric titration. Cation 

exchange capacity (CEC) and sodium 

saturation were measured by NaOAc 

saturation followed by NH4OAc extraction 

(Liu et al., 2017). Soil phosphorous was 

determined by Olsen’s method (Olsen, 

1954). 

The total and HCl-extractable PTEs in 

soils were analysed by inductively coupled 

plasma-atomic emission spectroscopy 

(ICP-AES). Total PTEs were obtained by 

strong acid digestion (HNO3:HClO4=1:4, 

mol: mol). For HCl-extractable PTEs, 1.0g 

of soils were added with 40mL of HCl (0.1 

M) and shaken at 22°C for 16 h. After 

3000-rpm centrifugation for 20 min, the 

supernatant was collected, and the pellets 

were washed with 5mL of deionised water. 

Followed by another 3000-rpm 

centrifugation for 20 min, the supernatant 

was collected. The two supernatants were 

combined and added with deionised water 

to a final volume of 50mL as the HCl-

extractable PTE fraction. 

After measuring the biomass, plant 

tissues were grounded to a fine powder. 

The 0.20 g tissue samples were added with 

1.5mL of HNO3 and 1mL of H2O2. After 

heating at 65°C for 30 min, the mixtures 

were transferred into a microwave 

digestion chamber, and the digestion 

condition was: 1) 1.5 MPa pressure for 1 

min; 2) 2.0 MPa pressure for 2 min. The 

mixture was cooled down to room 

temperature and added with deionised 

water to a final volume of 15mL. PTE 

contents were then analysed using ICP-

AES. The recoveries were 92±6% for all 

PTEs in plant reference materials. 

Bacterial Community and Diversity 

Analysis 
To investigate the predominant 

bacterial species in soils, soil DNA was 

extracted with a PowerSoil kit 

(MOBIOLaboratories, USA) as described 

in the manufacturer’s instruction. The 16S 

rRNA gene sequencing was performed on 

an Illumina HiSeq4000 targeting the V4 

hypervariable region with the universal 

primer set of 515F (5′-

GTGCCAGCMGCCGCGGTAA-3′) and 

Evaluation of Potential Toxic Element Bioaccumulation and Phytoremediation…………Adebayo et al. 



403 

 

806R (5′-

GGACTACHVGGGTWTCTAAT-3′) 

(Jiang et al., 2019). Data processing was 

conducted according to our previous work 

(Jiang et al., 2019). Representative 

sequences were chosen at a similarity level 

of 97% of operational taxonomic units 

(OTUs), and the taxonomic identification 

was determined based on Green genes 13.5 

data base using QIIME with its default 

settings (Edgar et al., 2011). 

Data Analysis 
Root concentration factor (RCF), leaf 

concentration factor(LCF), and 

transpiration stream concentration factor 

(TSCF) are well-accepted indicators 

determining the translocation of PTEs in 

plants through soil-to-plant, which is one 

of the major pathways for PTEs to enter the 

food chain (Deng et al., 2018c), as 

expressed in Equations (1)-(3). 

 

RCF =
[���	 �� 
���	]

[���	 �� 	���	]
   (1) 

 

LCF =
[���	 �� �����	]

[���	 �� 	���	]
   (2) 

 

SCF =
[���	 �� 	���	]

[���	 �� 	���	]
   (3) 

 

Where, 

[PTEs in roots],[PTEs in leaves],

[PTEs in stems], and [PTEs in soils] 
represent the contents of PTEs in roots, 

leaves, stems and soils, respectively. 

Similarly, the bioaccumulation 

concentration factor (BCF) is calculated by 

Equation (4). Here, [PTEs in plants] refer 

to the total contents of PTEs in plants. 

 

BCF =
[���	 �� )����	]

[���	 �� 	���	]
   (4) 

 

PCA-LDA combines principal 

component analysis (PCA) and linear 

discriminant analysis (LDA) to reduce the 

number of variables and derive orthogonal 

variables from which the between-class 

variance is maximised over the within-

class variance (Duda, 2012). The 1-DPCA-

LDA output data, variables called PCA-

LDA scores, clearly demonstrate the 

similarity between groups, in which 

nearness indicates similarity and distance 

indicates dissimilarity (Li et al., 2013). 

All statistical calculations, e.g., 

correlations, principal component analysis, 

and significant differences, were 

performed using SPSS 17.0. The statistical 

significance of differences and variance 

analysis (p < 0.05) of PTE accumulation in 

plants across different plant species was 

performed using a one-way analysis of 

variance (ANOVA) and least significant 

difference (LSD) test. 

 

Results and Discussion 

Soil Physicochemical Properties and 

PTE Contamination 
The physicochemical properties in 

surface soils (0-15cm) at the study site 

were listed in Table 2 (ESI). Soils were 

neutral to slightly alkaline (pH from 7.01 

to 8.43). SOC was 26.0±2.6mg/kg, CEC 

was 8.3±1.7cmol/kg, and sodium 

saturation was 11.8±1.1mg/g.Contents of 

total and HCl-extracted PTEs including 

Cd, Cr, Cu, Ni, Pb and Zn of all soils were 

analysed (Table 3). S15 was the reference 

soil in the present study and had the lowest 

PTEcontent. Sites S7, S8, S9 and S10 had 

the highest PTE-contamination level. The 

predominant PTEs were Cu (8651±1521 

mg/kg), Pb (6796±1185 mg/kg) and Zn 

(1958±200 mg/kg). Whilst all sites were 

moderately contaminated by Ni (956±375 

mg/kg) and lightly contaminated by Cd 

(14.6±1.3 mg/kg) and Cr (76.2±15.5 

mg/kg). Additionally, HCl-extractable 
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PTEs exhibited a similar pattern, but their 

availability evaluated by the ratio of HCl-

extractable fraction to total amount varied 

significantly, following the order of Ni 

(80.9±30.5%)>Zn (70.2±6.3%)> Cu 

(57.2±9.8%)> Pb (48.7±10.1%)≈Cd 

(48.0±5.7%)≈Cr (48.0±8.4%). 

PTE Contents in Plant Tissues 
PTE contents in different tissues (roots, 

stems and leaves) of the eight plant species 

(P. purpureum, P. pentandrus, A.  

spinosous, K. pumila michx, A. sessilis, C. 

dissiformis, C. esculenta and T. 

procumbens) in the study area were listed 

in Table 4. The eight plants species 

demonstrated different accumulation 

capabilities of the six PTEs. Briefly, they 

had a relatively higher capability in 

accumulating Zn, Cu and Pb, and the 

average contents in all tissues (roots, 

leaves, and stems together) were 256±103 

(Zn), 179±179 (Cu) and 150±211 (Pb) 

mg/kg, respectively. The uptake of Ni 

(21.0±18.0 mg/kg) and Cd (5.6±3.0 

mg/kg) was relatively weak. Such 

selective accumulation ofPTEs was also 

reported in other plant species. 
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Table 2: Soil physiochemical properties (0-15cm) 

Soil 

samples 
pH 

Organic 

carbon (mg/g) 

CEC 

(cmol/kg) 

Phosphorus 

(mg/kg) 

Clay 

(%) 

Silt 

(%) 

Sand 

(%) 

S2_T 7.66 35.7 4.5 60 3.6 0.72 95.68 

S4_T 8.05 41.9 5.5 44 1.6 3.44 94.96 

S5_T 7.87 13.2 5.9 69 1.6 12.72 85.68 

S6_T 7.68 34.5 7.6 139 2.88 3.44 93.68 

S7_T 6.79 23.2 7.7 128 2.16 10.16 87.68 

S8_T 8.43 18.3 5.4 159 2.16 5.44 92.40 

S9_T 8.11 18.1 5.4 161 2.88 3.44 93.68 

S10_T 8.03 21.8 8.2 14 2.88 15.44 81.68 

S11_T 7.83 23.8 7.6 102 0.16 3.44 96.40 

S12_T 7.98 36.3 26.7 123 0.16 2.72 97.12 

S13_T 8.15 22.7 8.2 126 0.88 0.72 98.4 

S14_T 8.43 22.7 6.8 108 2.88 3.87 93.25 

S15_T 7.01 6.1 5.4 82 20.16 19.44 60.40 

 

Table 3: Heavy metal contents in surface soils (0-15 cm) 

Soil samples T-Cd E-Cd T-Cr E-Cr T-Cu E-Cu T-Ni E-Ni T-Pb E-Pb T-Zn E-Zn 

S2_T 12.2 86.0 3.9 2.5 928.3 618.0 52.1 9.7 426.7 216.8 117.1 67.4 

S4_T 12.8 111.4 2.8 3.2 480.9 590.9 19.7 19.4 265.8 296.4 68.5 80.2 

S5_T 7.6 21.0 2.9 1.0 519.4 150.6 18.8 17.9 190.3 81.1 42.9 33.0 

S6_T 9.5 57.7 2.8 3.0 234.3 298.8 570.0 47.7 122.2 143.8 30.9 34.0 

S7_T 7.6 21.3 4.8 1.5 1367.5 145.9 13.5 9.3 1038.7 114.6 112.0 49.5 

S8_T 9.9 37.4 11.2 1.7 2266.1 640.3 92.3 19.3 1320.4 149.6 148.0 140.4 

S9_T 15.0 38.8 7.7 1.5 1451.9 447.5 63.4 14.5 725.4 148.7 101.8 79.1 

S10_T 6.9 45.9 9.8 2.2 911.4 320.4 30.7 18.9 746.8 159.0 126.1 64.7 

S11_T 16.9 123.2 3.0 2.7 685.8 695.8 307.5 412.9 690.4 296.4 102.0 120.5 

S12_T 15.1 76.3 2.3 2.6 593.4 604.1 12.2 16.8 668.0 359.1 89.2 100.4 

S13_T 13.6 126.8 1.1 0.7 654.1 659.4 65.0 76.5 346.0 387.9 93.1 101.6 

S14_T 17.1 135.9 2.7 2.6 800.0 847.6 462.5 473.6 483.8 509.4 112.7 134.7 
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Table 4: PTEs contents in plant tissues 

Plant species PTEs Leaves (mg/kg) Stems (mg/kg) Roots (mg/kg) 

Pennisetum purpureum 

Cd 1.5±0.2 1.3±0.4 3.6±0.4 

Cr 55.2±15.0 65.1±16.4 327±132 

Cu 78.2±16.0 48.6±4.1 288±58.9 

Ni 8.4±2.2 3.9±0.3 36.5±10.1 

Pb 14.4±6.6 5.3±2.4 217±81.0 

Zn 102±20.2 111±17.3 123±12.5 

Pentodon pentandrus 

Cd 0.8±0.2 1.6±0.5 7.8±2.7 

Cr 13.3±2.2 13.2±2.6 51.7±8.1 

Cu 13.0±0.6 12.2±1.7 69.5±15.2 

Ni 4.0±0.6 4.5±0.8 10.3±1.6 

Pb 2.8±1.3 4.5±2.0 37.4±5.9 

Zn 90.7±7.7 86.5±17.8 162±18.6 

Amaranthus spinosous 

Cd 2.0±0.5 1.1±0.2 3.0±0.8 

Cr 11.8±1.1 10.1±4.5 22.2±2.1 

Cu 21.3±2.7 10.0±1.2 69.3±8.3 

Ni 3.7±0.6 3.4±0.5 6.8±1.6 

Pb 9.0±3.6 7.0±3.8 55.0±21.1 

Zn 95.5±10.0 30.2±3.9 145±18.7 

Kyllinga pumila michx 

Cd 1.6±0.2 1.4±0.1 2.0±0.4 

Cr 13.9±6.3 11.0±4.5 43.7±4.1 

Cu 17.7±4.5 8.3±2.9 58.3±13.6 

Ni 4.6±0.4 2.5±0.4 9.2±2.6 

Pb 15.1±5.6 11.1±4.3 51.7±22.6 

Zn 68.6±11.2 60.3±16.3 125±7.2 

Alternanthera sessilis 

Cd 2.3±0.3 1.6±0.3 3.1±0.4 

Cr 15.0±1.5 8.5±1.3 32.3±7.1 

Cu 229±59.1 29.8±7.6 143±50.1 

Ni 5.2±1.0 3.4±0.4 6.4±2.4 

Pb 21.8±3.9 142±62.0 68.6±1.9 

Zn 115±9.9 95.2±24.0 188±23.1 

Cyperus dissiformis 

Cd 2.7±0.4 2.9±0.3 4.8±1.0 

Cr 18.3±1.9 11.9±0.7 52.0±14.9 

Cu 68.4±14.9 37.6±5.9 228±66.9 

Ni 10.6±3.1 6.2±1.6 38.1±14.8 

Pb 44.4±12.9 23.5±9.8 481±196 

Zn 144±17.1 160±15.0 162±20.7 

Colocassia esculenta 

Cd 3.3±0.4 4.6±0.8 6.1±1.0 

Cr 18.0±1.6 7.9±1.6 96.4±11.8 

Cu 85.7±14.8 76.3±25.7 294±35.4 

Ni 6.0±0.8 2.2±0.9 40.0±2.3 

Pb 36.7±6.5 45.5±5.1 452±16.5 

Zn 155±22.3 113±25.2 233±10.2 

Tridax procumbens 

Cd 3.2±0.5 2.8±0.3 1.7±0.0 

Cr 5.6±0.2 10.5±0.8 8.9±1.5 

Cu 5.7±0.8 11.0±1.1 7.4±0.8 

Ni 2.7±0.1 5.6±1.0 9.0±1.4 

Pb 13.5±1.3 13.9±2.0 16.3±1.1 

Zn 65.6±9.1 87.7±5.2 60.2±10.1 
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For instance, PTE contents in roots, 

rhizomes, stems and leaves of Phragmites 

australis along the Imera Meridionale 

River (Sicily, Italy) illustrate a trend of 

Mn>Zn>Pb>Cu (Bonanno and Giudice, 

2010). The accumulation of PTEs in 

leaves of Potamogeton pectinatus L. 

follows the order of Mn>Zn>Cd>Pb>Cu  

(Peng et al., 2008). In addition, PTE 

accumulation capabilities across plant 

species were also different. P. purpureum 

bioaccumulated more Cr (447mg/kg in 

roots, leaves and stems, the same below) 

than other plant species, whereas C. 

esculenta (456mg/kg) and P. purpureum 

(415mg/kg) were most effective in 

accumulating Cu. C. dissiformis and C. 

esculenta had higher accumulation 

capability for Ni (48.2-54.9mg/kg), Pb 

(534-549mg/kg) and Zn (466-501mg/kg). 

Compared to other studies, the PTE 

accumulation capabilities of the eight 

plant species in the present study were at 

the same order of magnitude or higher. 

More precisely, Cu accumulation in this 

study was much higher than previously 

reported, 4.3-19.1mg/kg (Kananke et al., 

2016; Mazumdar and Das, 2014). 

Gurajala et al., 2019) investigated 80 

genotypes of Brassica juncea L. for Pb 

and Cd phytoremediation, demonstrating 

that total Cd contents ranged from 2.43 to 

0.31mg/kg in shoots and 2.94 to 

0.44mg/kg in roots, and total Pb contents 

were 5.33-0.47mg/kg in shoots and 3.78-

0.16 mg/kg in roots (Gurajala et al., 2019). 

Cytisus scoparius was reported to 

accumulate Zn (116-276mg/kg) and Pb 

(6.78-11.9mg/kg) in roots excluding Cd 

(0.01-0.06mg/kg) (Lago-Vila et al., 

2019). 

Distribution of PTEs in Plant Tissues 
PTEs were preferentially accumulated 

in roots rather than stems and leaves for 

most plant species in the present study. 

The average Cu contents in roots in all 

eight plant species were 145mg/kg, much 

higher than those in leaves (64.9mg/kg) 

and stems (29.2mg/kg). The average root 

Pb contents were 172mg/kg, significantly 

higher than those in leaves (19.7mg/kg) 

and stems (31.6mg/kg). Our results were 

consistent with many previous studies that 

the underground parts (roots) of some 

plants are more efficient in PTE 

accumulation than the aerial parts (e.g., 

shoots, stems and leaves) (Dong et al., 

2019; Galal et al., 2019). Cadmium 

contents in roots of Canna indica L.are 

around 17-47 times higher than those in 

leaves and 8-20 times than those in stems 

(Dong et al., 2019). The phytoremediation 

behaviour of Ludwigia stolonifera to 

remove PTEs (including Cd, Cu, Ni, Zn, 

Pb) from contaminated water bodies 

demonstrates higher PTE contents in roots 

than shoots (Galal et al., 2019). In 

contrast, some plants had a remarkable 

ability to transport PTEs from roots to 

shoots and showed higher accumulation of 

PTEs in aerial tissues than in roots. For 

instance, Cytisus scopariusis a Zn 

accumulator suitable for 

phytoremediation owing to its high 

accumulation of Zn in the aerial parts 

(Lago-Vila et al., 2019). H. petiolarisis 

can accumulate more Cd in shoots than in 

roots (Saran et al., 2019). Different PTE 

distribution in plant tissues hints at distinct 

adaptive strategies associated with 

detoxification and transportation in plants 

post-exposure to PTEs. 

To deeper understand the mechanisms 

shaping the distribution of PTEs in plant 

tissues, we calculated the LCFs, SCFs and 

RCFs of each PTE in eight plant species 

(Figure 2), which reflect the capability of 

these plants to accumulate PTEs from the 

Evaluation of Potential Toxic Element Bioaccumulation and Phytoremediation…………Adebayo et al. 



408 

 

surrounding environment. BCF above 1.0 

(or log BCF>0.0) indicates a satisfactory 

PTE accumulation capacity. All eight 

plant species generally possessed similar 

patterns of BCFs across different PTEs 

that BCF values for Cd and Cr were higher 

than those for Cu, Ni, Pb and Zn, 

suggesting a preferent accumulation of Cd 

and Cr in plant tissues. Although total Zn 

and Cu contents in plant tissues were the 

highest, they did not have high BCFs due 

to their high soil contents. In addition, 

different plant species exhibited distinct 

accumulation capacities for PTEs. For 

instance, P. purpureum had higher BCFs 

for Cr than other plant species, whereas T. 

procumbens had relatively lower BCFs for 

Cu.  

 
Fig. 2: Relationships of log RCF, log SCF and log LCF across different PTEs and plant 

species. 
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Fig. 2 (cont’d): Relationships of log RCF, log SCF and log LCF across different PTEs and 

plant species. 

 

These results further evidenced 

different adaptive strategies across plants 

post-exposure to PTEs. One possible 

reason is that different PTEs have distinct 

availability, affecting their uptake and 

translocation behaviour by plants (Luo et 

al., 2011; Sungur et al., 2014). Patra et al. 

(2018) investigated Cr accumulation 

potential of lemongrass. They found that 

the BCFs of Cr6+ increased from 0.66 to 

261 when Cr6+ contents in soils increased 

from 5 to 100mg/kg indicating that BCFs 

were positively related to available PTEs 

in soils. Numerous previous studies also 

reported that immobilising soil 

amendments can significantly reduce 

PTEs uptake by plants (Bolan et al., 2014; 

Touceda-Gonzalez et al., 2015). 

Nevertheless, in the present study, Cd 

and Cr preferentially accumulated by 

plants had the lowest relative availability 

(both around 48.0%), suggesting PTE 

availability was not the main driven force 

shaping their plant accumulation 
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behaviour. Another potential explanation 

is different pathways for plants to stabilise 

soil PTEs and avoid toxic hazards. For 

instance, Zea mays can excrete chelate and 

stabilise soil Cd and thus reduce Cd 

uptake and translocation (Mench et al., 

1988). In other cases, some plants can 

tolerate PTEs and tend to uptake and 

accumulate PTEs in shoots, e.g., S.alfredii 

Hance has a remarkable capability to 

tolerate Cd and Zn and can hyper 

accumulate them in aerial tissues (Liu et 

al., 2019). At the e-waste dumping site in 

this study, local plant species might have 

their unique strategies to tolerate and 

accumulate PTEs, leading to the 

preferential accumulation of Cd and Cr 

regardless of their low availability in soils. 

The difference in PTE contents across 

plant tissues resulted in distinct RCFs, 

LCFs and SCFs (Figure 2), contributing to 

our better understanding of the 

phytoremediation potential of these eight 

plant species at e-waste sites. Generally, 

RCFs of almost all PTEs in most plant 

species were higher than their LCFs and 

SCFs, which is consistent with previous 

studies that most plants accumulate PTEs 

mainly in root systems and to a limited 

extent in leaves and/or in edible parts as a 

self-protection mechanism 

(Kalavrouziotis et al., 2008; Nan et al., 

2002). Accordingly, the root 

concentration of PTEs is usually one to 

two orders of magnitude higher than 

shoots for most plants (Kisku et al., 2000). 

However, A. sessilis had higher SCFs than 

RCFs, and T. procumbens had similar 

RCFs, LCFs and SCFs for all PTEs. A 

similar phenomenon is generally found in 

some other plants capable of translocating 

PTEs against concentration gradient and 

leading to higher PTE contents in shoots 

than roots (Jackson, 1998). Therefore, A. 

sessilis and T. Procumbens showed 

greater phytoremediation potential than 

other plant species in the present study. 

PTE Accumulation Patterns Analysed 

by Multivariate Analysis 
To further explore the difference in 

PTE accumulation across plant species or 

PTE types, multivariate analysis was used 

in this study to calculate the overall 

patterns of RCFs, LCFs and SCFs. PCA-

LDA scores in Figure 3A demonstrated 

segregations between plant species. The 

Low PCA-LDA score of P. purpureum (-

5.56±1.13) indicated huge variations of 

PTE accumulation in different tissues, i.e., 

more PTEs were accumulated in roots 

rather than leaves and stems (Figure 2). T. 

procumbens had the highest PCA-LDA 

scores (6.16±1.68) and exhibited a similar 

accumulation of different PTEs across 

tissues. Other plant species include P. 

pentandrus, A. spinosous, K. pumila 

michx, A. sessilis, C. dissiformis, and C. 

esculenta possessed moderate PCA-LDA 

scores ranging from -2.48±0.52 (A. 

sessilis) to 0.06±1.10 (K. pumila michx). 

Our data evidenced the concept that plant 

species determine PTE distribution in 

plant tissues and influence PTE 

accumulation capability (Alloway; Ha et 

al., 2019; Tadesse et al., 2019). This 

finding might be explained by the diverse 

PTE-adaptive mechanisms across plant 

species, which are screened by soil PTE 

pressure and act as a strong power of 

natural selection (Kisku et al., 2000). 

Generally, PTE-adaptive strategies in 

different plant species can be classified as 

avoidance and tolerance (Baker, 1981). 

Plants with avoidance strategies are often 

called as excluders and can avoid PTE 

uptake and translocation, e.g., P. 

purpureum in this study.
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Fig. 3: PCA-LDA plots of BCF differentiation across plant species (A) and PTEs (B). 
Different small letters indicate significant difference (Duncan’s test, p<0.05) among plant species 

or PTEs (n=3). 

 

Plants with tolerance strategies are 

accumulators, which can uptake and 

translocate PTEs into different tissue with 

distinct detoxification mechanisms (Van 

der Ent et al., 2013), e.g., T. procumbens 

in this work. Long-term exposure to PTEs 

at e-waste dumping sites, plant species 

with distinct adaptive strategies were 

driven by natural selection and assembled 

by the diverse local phytocommunity. 

As for different PTEs, the PCA-LDA 

scoreplot (Figure 3B) suggested that PTE 

accumulation in plants varied 

significantly. PTEs with lower PCA-LDA 

scores, including Ni (-1.30±0.58) and Cu 

(-0.73±0.82), indicated their significantly 

different accumulation behaviour across 

eight plant species. For other PTEs like Zn 

(0.23±1.09), Pb (0.33±0.62), Cr 

(0.46±1.04) and Cd (-0.31±0.70), their 

accumulation behaviour was similar 

among all plant species. 

Roles of Microorganisms in PTE 

Accumulation in Plants 
Rhizospheric microbes play 

remarkable roles in enhancing the 

phytoremediation performance at PTE-

contaminated sites. From sequence 

results, the most frequently detected 

bacterial phyla among all soil samples 

included Proteobacteria (4.8%-32.0%), 

followed by Firmicutes (0.9%-87.3%), 

Actinobacteria (3.1%-35.4%), Chloroflexi 

(2.5%-32.6%), Acidobacteria (1.6%-

30.7%), Planctomycetes (0.6%-18.2%) 

and Bacteroidetes (0.1%-5.4%). Among 

them, Delta proteobacteria (Oyetibo et al., 

2010; Raja and Selvam, 2009) and 

Firmicutes (Burkhardt et al., 2011) were 

previously reported to tolerate high levels 

of PTEs in soils. Additionally, many 

species belonging to Proteobacteria are 

reported as plant growth promoting 

bacteria (PGPB). For example, 
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Pseudomonas putida can significantly 

enhance the growth of E. sativa by 

inhibiting the adverse effects of Ni 

(Kamran et al., 2016). Bacillus 

megaterium assists the phosphate 

solubilisation of Brassica juncea in 

enhancing Cd accumulation (Jeong et al., 

2012). A more recent study found that the 

supplementation of two PGPB strains 

(Alcaligenes faecalis and Bacillus cereus) 

as bio fertilisers helps sorghum in 

tolerating PTE toxicities and contributes 

to better sorghum growth at PTE-

contaminated sites (El-Meihy et al., 

2019). 

Generally, plants and rhizosphere 

microbes follow a win-win relationship 

(Huang et al., 2014). Soil microbial 

metabolism can change the bioavailability 

and mobility of metals in rhizosphere soils 

through the release of chelating agents, 

acidification, phosphate solubilisation and 

redox changes, thus assisting PTE 

bioaccumulation by plants (Aboushanab 

et al., 2003; Kushwaha et al., 2016). 

Additionally, some microbes can release 

plant hormones or siderophores into the 

rhizosphere to promote plant growth (Liu 

et al., 2014) or reduce the toxicity of 

PTEs. Plant roots can produce nutrients 

for microbes, including amino acid, 

carbohydrate and organic matters (Chen et 

al., 2016; Moe, 2013), and benefits their 

activities in return. Therefore, appropriate 

combinations of PGPB and plants could 

promote PTE uptake and offer promising 

applications in soil bioremediation 

(Dąbrowska et al., 2016). 

 

Conclusion 

This study investigated the PTE-

contamination level at an e-waste 

dumping site in Nigeria and explored PTE 

accumulation in eight local plant species. 

Owing to the long-term contamination by 

e-wastes, some local survival plant species 

had a strong capability to tolerate the 

severe PTE contamination and might be 

good candidates for PTE 

phytoremediation. Although all eight 

plant species contained higher contents of 

Zn, Cu and Pb in tissues, Cd and Cr were 

preferentially accumulated owing to their 

higher bioconcentration factors. Among 

all plant species, C. dissiformis and C. 

esculenta had higher PTE contents in 

tissues and bioconcentration factors, 

showing satisfactory accumulation 

abilities. Our study on PTE-accumulating 

plants at e-waste dumping sites helps our 

more profound understanding of PTE 

distribution in plant tissues. It offers clues 

for potential candidates for 

phytoremediation practices. 
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