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ABSTRACT 
Contamination of the environment by heavy metals is one of the major threats to water and soil as well as human health 

and phytoremediation has been used to remediate metal-contaminated sites. This study evaluated the remediation potential 

of Panicum virgatum, Ocimun basilicum and Luffa cylindrica growing on lead irrigated soil. The experiment consists of 

five levels of lead (0, 200, 400, 600 and 800 mg/L) and the three plants species laid out in Randomized Complete Design 

with four replicate. Plant root, stem, leaf and the soil samples were analyzed for lead content. Bioconcentration Factor 

(BCF), Biological Accumulation Coefficient (BAC) and Biological Transfer Coefficient (BCF) were calculated. The 

results obtained revealed that O. bacilicum and L. cylindrica had BTC, BAC and BC > I but P. virgatum had BTC < 1 

which means that O. basilicum and L. cylindrica have the ability to accumulate and translocate lead in their tissues and P. 

virgatum had limited ability to translocate the metal. The results revealed that lead content in plant tissues is differ 

significantly (p<0.05) with concentration, species and plant parts. Turkey simultaneous test showed that L. cylindrica was 

significantly different with O. basilicum and P. virgatum (p<0.05), and O. bacilicum was significantly different with P. 

virgatum (p<0.05). The lead content in leave is significantly different as compared with stem and root including growing 

media (p<0.05). Root length is also significantly different with soil and stem. The study recommends the use of all plants 

in phytoremediation of lead contaminated soil and considered L. cylindrica and O. basilicum as hyperaccumulators. 

 

Keywords:  Phytoremediation, Bioconcentration Factor (BCF), Biological Accumulation Coefficient (BAC) and 

Biological Transfer Coefficient (BCF) 

 

INTRODUCTION 

Environmental pollution has been known to cause 

severe illness and sudden death in humans, which is 

largely attributed from mining, automobile exhaust, 

agricultural and industrial activities. Heavy metals have 

been classified among major causes of pollution 

(Adedokun et al., 1989; Galadima et al., 2011). 

Phytoremediation could be the cheapest and simplest 

options among the available soil clean up strategies 

(Susarla et al., 2002). The use of Plants for contaminant 

degradation or extraction of xenobiotic from water or 

soil substrate has been reported (Bouwman et al., 

2005). It is remediation without excavation of 

contaminated site, often referred as botanical 

bioremediation (Chaney et al., 1997), which involve the 

use of green plants to decontaminate soils, water or air. 

It’s an emerging technology that can be applied to both 

organic and inorganic pollutants present in the soil, 

water or air (Salt et al., 1998). However, the ability to 

accumulate heavy metals differ significantly between 

species and among cultivars within species due to 

different mechanism of ion uptake that are operative in 

each species, based on their genetics, morphological, 

physiological and anatomical characteristics. There are 

different categories of phytoremediation including 

phytoextraction, Phytofiltration, phytostarbilization and 

phytovolatization and phytodegradation, depending on 

mechanism of the remediation which is based on 

problem on ground (Garbisu and Alkorta, 2001).  

 

Lead has been listed as a potential carcinogen by United 

State Environmental Protection Agency (2000) and 

causes many problems in both plant and animals. It 

accumulates in the body’s organs such as brain, which 

may lead to poisoning (plumbism) or even death. The 

gastrointestinal tract, kidney and central nervous system 

are also affected by the presence of lead. Children 

exposed to lead are at the risk for impaired 

development, lower Intelligent quantum, shortened 

attention span, hyperactivity and mental deterioration 

(Env.writer; 2000). According to report by 

humanitarian aid groups, Doctors without Borders 

(2012) lead poisoning claimed the lives of over four 

hundred (400) children between 2010 to 2011 and left 

over 2000 others at risk in Zamfara state, Nigeria. This 

phenomenon, indeed poses a clear and present danger to 

Nigerian children. 

 

Although, many metals are essential to plant growth but 

most metals are toxic at higher concentration thereby 

causing oxidative stress by formation of free radicals, 

they replace essential metals in the pigment or enzymes 

disrupting their function (Henry, 2000). Heavy metals 

render the land unsuitable for plant growth and destroy 

biodiversity. Despite the extreme toxicity of heavy 

metals, some plants have the ability to adapt to metal 

rich soil through natural selection (Antonovics et al., 

1971). This research aimed at evaluating the 

phytoremediation potentials of selected plants species 

on lead contaminated soil; with a view to determine 

total concentration of lead metals in plant biomass 

growing in contaminated sites.  

 

MATERIALS AND METHODS 

Study area: This research was conducted in Botanical 

Garden of the Usmanu Danfodiyo   University, Sokoto, 

Nigeria which lies between (latitudes 1306 28N and 0 

longitudes 512 46E) and has average annual 
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temperature of 28.3 ⁰C and mean annual rain fall 

ranging from 500 mm to 1300 mm and in terms of 

vegetation Sokoto falls within the Sudan savanna zone. 

  

Collection of Plant and Soil Samples 

Three plant species namely: Panicum virgatum, Luffa 

cylindrica and Ocimum basilicum used in this study 

were obtained from different source. P. virgatum 

(Switch grass) was collected from Sokoto Energy 

Research Center (SERC) in the Usmanu Danfodiyo 

University Sokoto. The seeds of L. cylindrica 

(Vietnamese gourd) were obtained from Department of 

Biological Sciences, Usmanu Danfodiyo University, 

Sokoto,  while,  the seeds of O. basilicum (Sweet basil) 

were collected from Gandi town in Rabah Local 

Government area of Sokoto State. The plants were 

planted in nursery for two weeks and healthy seedlings 

of the same height were selected for the experiment. 

Selected seedlings were transplanted and grown in pots 

under greenhouse condition. Soil sample was collected 

from the Botanical Garden of the Biological Sciences 

Department Usmanu Danfodiyo University, Sokoto.  At 

a depth 20cm homogenized and air dried for 24 hours. 

Air dried soil 300g was filled into plastic pots and 

moistened with water and one stand of a test plants 

ware transplanted.              

 

Experimental Design and Treatment 

The experiment was designed to investigate the effects 

of three different factors namely plant species, plant 

parts and concentration of lead .The plant species was 

taken at three level viz P. virgatum, L. cylindrica and 

O. bacilicum  using 4×5 factorial, while plant parts was 

taken at three level also viz root, stem and leaves. Lead 

concentration [Pb (NO3)2], on the other hand was taken 

at five levels: 0, 200, 400, 600 and 800 mg/L. Each 

plant species was irrigated daily with 20 ml of a given 

concentration of Pb2+ solution for six (6) weeks. 

Experiments were conducted with four replicates. 

Random sampling was applied to both the experimental 

media and test plants. 

 

Data Collection  

After 14 days of pretreatment, each of the given plant 

grown in its corresponding concentration in a pot 

containing 300g garden soil (media). On each 

treatment, Plant height and number of leaves were 

measured weekly throughout the test period. Plant 

heights were measured in centimeter using a ruler while 

leaf numbers were counted manually. After harvesting, 

root length and fresh weight were measured. Fresh 

biomass was measured using weighing balance and 

oven dried at 80 0C until constant mass was obtained 

(Mangkoedihardjo, 2006). The weight of the dry mass 

was also measured. The oven dried plant sample were 

divided into leaves, stem and roots which were later 

pulverized using motor and pestle, and the grinded 

powder were used for digestion and lead analysis. 

 

 

 

Determination of Lead in Plants and Soil 

Lead content was determined in the soil sample before 

and after phytoremediation. From each pot, 0.5g of soil 

was taken. Soil sample of the same treatment were 

homogenized and analytical sample was taken from 

each mixture for heavy metal analysis. One gram (1g) 

of the analytical sample was digested with a mixture of 

perchloric acid and nitric acid. Lead was analyzed using 

Atomic absorption spectrophotometer (Standard 

Methods, 1995). 

 

To estimate the total lead in plants, one gram (1g) of 

powdered sample (leaf, stem or root) was digested in 

20ml concentrated nitric acid (65%). The solution was 

boiled on a hot plate until white fumes were given off. 

The digested sample was allowed to cool dawn and then 

diluted to 100ml with deionize water and left over night 

to allow the remaining particle to settle before it was 

filtered. Finally, 30ml of each sample solution was used 

to determine heavy metal concentration using Atomic 

Absorption Spectroscopy (AAS) (Varian 240FS, 

promochem GmbH, Germany. Certified concentration 

(Pb=58.5) was used as a reference material. 

 

Evaluation of Hyper accumulating Activity 

In evaluating hyperaccumulation  potential of given 

plant species, not only the metals concentration in the 

above ground biomass are considered but also metal 

concentration in the soil has to be considered. 

Biological accumulation coefficient (BAC), biological 

transfer coefficient (BTC) and Bioconcentation factor 

(BCF): Biological Accumulation Coefficient was 

defined as the concentration of heavy metals in plant 

shoots divided by the heavy metal concentration in soil 

(Zu et al., 2005) and is given in equation 1. 

BAC = [Metal] shoot / [Metal] soil ----------- Eq. 1 

Biological Transfer Coefficient was described as the ratio of 

heavy metal concentration in plant shoot to that in plant root 

(Zu et al., 2005) and is given in equation 2. 

BTC = [Metal] shoot / [Metal] root ----------- Eq. 2 

Bioconcentation Factor was calculated as ratio of 

concentration of heavy metal in plant roots to that of soil 

(Yoon et al., 2006) and is given in equation 3. 

BCF = [Metal] root / [Metal] soil -----------Eq. 3 

 

 Data Analysis: Data obtained was analyzed using 

ANOVA with SPSS 

  

 RESULTS AND DISCUSSION 

 The results of phytoremediation potential of L. 

cylindrica, O. basilicum and P. virgatum in varying 

lead concentration are presented in Table 1. There is a 

significant difference (p<0.05) in content of lead in 

various tissues of the plant and soil studied. It revealed 

that P. virgatum had the highest concentration of lead in 

the root and leaf followed by O. basilicum and L. 

cylindrica respectively. Two of the three plant species 

have concentration greater in shoots than roots. O. 

basilicum and P. virgatum accumulated Pb above 1000 

mg kg-1 in the shoots, the criteria for a 

hyperaccumulator as given by Baker & Brooks (1989). 
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The greater concentration of Pb in shoots was found in 

P. virgatum and O. basilicum. In all plant samples, only 

O. basilicum and L. cylindrica had Pb concentrations in 

shoot (leave +stem) greater than those in roots, 

indicating high mobility of Pb from roots to the shoots 

and mobilization of heavy metals in roots. The lowest 

Pb concentration was observed in the stems of L. 

cylindrica, O. basilicum and P. virgatum respectively, 

and O. basilicum had the highest Pb content in the 

leaves. 

 

From the result obtained the lead content in the studied 

plant species (mg/kg) indicated that different species 

have it corresponding effects on different concentration 

tested (mg/L), plants parts and absorption level (mg/kg) 

comparisons of the means shows that Pb content 

(mg/kg) is significantly different (p<0.05) with 

concentration (mg/L), species and plant parts. 

Interaction between concentration (mg/L) with species, 

concentration (mg/L) with species parts and species 

with their parts are also significant (p<0.05) where 

R2=90.51%. Turkey simultaneous test for Pb content in 

the plants (mg/kg) at 0 concentrations (control) shows 

significant difference (p< 0.05) among all the treatment 

in all the plant species. At 200 mg/L, comparison of the 

means shows significant differences with all the 

treatment except in control, but at 400mg/L comparison 

shows significant difference with 600 and 800 mg/L 

while at 600mg/L means comparison are insignificant 

with 800mg/L (p<0.05) in Table 1. 

 

Comparisons of Pb content among the species shows 

that L. cylindrica was significantly different from O. 

basilicum and P.virgatum (p<0.05), and O. basilicum 

was significantly different with P. virgatum (p<0.05). 

Further comparison of Pb content (mg/kg) in different 

plant parts shows that leaf is significantly different with 

stem and root  including growing media(soil) (p<0.05). 

Roots are also significantly different from soil and stem 

but the Pb content (mg/kg) in soil was insignificantly 

different (p<0.05) from that in the stems of the plant 

(Table 1). The results of this study revealed that 

accumulated concentration of Pb content (mg/kg) 

fluctuate with increasing concentration (mg/L) in P. 

virgatum. The distribution of lead in different plants 

parts decreased in the order shoot > root. In the leaf of 

L. cylindrica, Pb content (mg/kg) increases with the Pb 

concentration (mg/L) for the first two levels then 

decreases and then rise again. In the stem and root, 

absorption values fluctuate with concentration. Metals 

are generally unevenly distributed throughout a given 

plant, although in hyperaccumulators the metal content 

of the leaves is often greater than other portions of the 

plant; for example, the greatest proportion of nickel in 

Alyssum heldreichii was found in the leaves (Brooks, 

1998b).The distribution of lead content in different 

parts of L. cylindrica decrease in this order stem < leaf 

< root. Similar observation was made by Li et al. 

(2005) for absorption of Cd and Zn by Sedun alfredii 

(Li et al., 2005; Xiong et al., 2004).  The data show that 

the concentrations of Cd and Zn in leaves and stems 

increase with increasing Cd and Zn levels. The 

distribution of the metals in different plants parts 

decreased in the order; stem > leaf > root for Zn and 

leaf> stem > root for Cd. In O. bacilicum leave, lead 

accumulation is high at high level of concentration. In it 

stem and root,  lead content mg/kg increase with 

increasing levels of concentration then decrease at 

800mg/L. indicate that O. bacilicum can absorbs and 

hyperaccumulate lead metal up to 733.26±696, 

513.95±5.77 and 1019.64±5.80 mg/kg in leaf, stem and 

root respectively. The distribution of lead in its parts 

decrease in the order: stem > leaf >root. The absorption 

fall  down at high level (800mg/L), it may be that at this 

level  plants can no longer secrete phytosidophores or 

exude into the rhizosphere to chelate and solubilize 

metals that bound with soil (Kinnersely, 1993). 

Similarly, microorganism that released enzyme whose 

break and convert lead in different forms cannot 

function well at this level such enzymes are usually 

dehalogenase, oxygenese and reductalase (Black, 

1995).  
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Table 1: Concentration of Lead Metal in studied Plant tissues and Soil. 

Plant part Concentration (mgL-1) L. cylindrica O. basilicum P. virgatum 

Leaf                       0 

200 

400 

600 

800 

140.03b±0.41 

464.32a±5.83 

556.63a±5.73 

329.23b±9.99 

335.34b±6.11 

372.11b ±5.71 

636.23b ±5.83 

588.69b ±5.74 

723.65a ±6.96 

733.26a ±5.52 

  734.40b ±0.06  

  436.32b ±0.01  

1477.57a ±0.01  

  520.80b ±0.01  

  745.98b±0.01 

  

Stem 0 

200 

400 

600 

800 

  79.80b ±5.77  

122.84b ±6.32 

  84.91b ±5.83  

154.88a±5.80  

109.66 b±5.61 

248.84b±5.80 

382.03b±5.77 

436.49b±5.96 

513.97a±5.77 

448.25b±5.03 

  734.40b±0.06 

  436.32b±0.01 

1477.57a±0.01 

  520.80±b0.01 

  745.98±b0.01 

  

Root 0 

200 

400 

600 

800 

1115.15b±3.98 

  420.69b±5.83 

1142.45a±5.48  

  349.07b±5.81 

  497.35b±5.64 

  327.58b ±5.83 

  830.11b ±5.83 

  922.15b ±6.35 

1019.64a ±5.80 

  825.24b ±5.55 

1548.90b±0.00 

 1812.75b±0.01 

 2825.55a±0.01 

   746.62±b0.00 

   850.80±b0.00 

  

Soil 0 

200 

400 

600 

800               

85.09b ±0.59 

682.59b ±5.49                    

77.51a ±6.01  25.01b 

±0.39 59.21b ±6.03 

120.59b ±5.83 

162.05b ±5.59 

172.35a ±5.49 

112.48b ±3.33 

180.01a ±5.77 

   21.714b±0.58 

120.12b±0.33 

 477.12b±0.06 

 483.54b±0.33 

 652.11a±1.53 

 

*Values are means of three replicate determinations and values with different superscript in the same column are 

significantly different (P< 0.05). 

 

Although, the standard for assessing hyperaccumulator 

has not been defined scientifically however, different 

authors proposed different criteria which include four 

rules i.e., the concentration of heavy metals in plant 

shoots reach hyperaccumulating level (Pb and Cu > 

1000 mg/kg, Zn > 10,000 mg/kg) (Baker et al., 1994; 

Brown et al., 1994 and Wei et al., 2002; Kakar et al., 

2011), In this study, two of the plant species had metal 

concentrations>1000 mg/kg in shoots, i.e. they are 

hyperaccumulators (O. basilicum and P. virgatum). The 

concentration of heavy metals in its above ground part 

is 10-500 times more than in plants from non polluted 

environments (Shen and Liu, 1998). From the above 

principle, none of the studied plants species was metal 

hyperaccumulator, the metal concentrations in shoots 

are invariably greater than that in roots and enrichment 

coefficient > 1, showing a special ability of the plant to 

absorb from soils and transport metals and store in their 

above-ground parts (Baker et al., 1994; Brown et al., 

1994; Wei et al., 2002). It is difficult to judge whether a 

plant species is hyperaccumulator or not if the plant 

species must accord with above four rules 

simultaneously. Currently Biological Accumulation 

Coefficient (BAC), Biological Transfer Coefficient 

(BTC) and Bioconcentration Factor (BCF) had been in 

used to estimate a potential for phytoremediation 

purposes. 

  

The results of BAC, BTC and BCF values for the 

studied plant species are presented in Table 2. Among 

the plant species evaluated, BAC for number of 

treatment in plant samples were greater than 1, P. 

virgatum had the highest BAC value of 33.80 followed 

by L. cylindrica with 15 and then O. basilicum with 

maximum value of 11.35 at 600mg/L. BTC values 

ranges from 0.56 to 1.87 in L. cylindrical and P. 

virgatum had lowest values. O. basilicum had the 

highest BTC values of 1.50. BTC values of O. 

basilicum and L. cylindrica were greater than 1.while 

that of P. virgatum is less than one for all treatment. P. 

virgatum had the highest BCF value of followed by L. 

cylindrica and O. basilicum. Considering BAC, all of 

the 3 plant species evaluated possess the characteristic 

of hyperaccumulator. L. cylindrica and O. basilicum 

had the BTC values greater than 1. These species 

possessed the characteristic of hyperaccumulator. The 

BCF values of Pb range from 0.16-14.73, 2.71 - 5.35 

and 0.47 - 0.87 in L. cylindrica, O. basilicum and P. 

virgatum respectively. These values were lower than 

that found by Kim et al. (2003) in P. redundent (BCF= 

58) and higher than those (BCF=0.004-0.45) reported 

by Stoltz and Greger (2002). Shu et al. (2002) reported 

a BCF of 0.1 for Pb in P. distichum. Plants exhibiting 

BTC and BCF value less than one are unsuitable for 

phytoextraction (Fitz and Wenzel, 2002). All the three 

plant species used in this research were capable of 

accumulating heavy metals in the roots and shoots, but 

P. virgatum had highest BAC and BCF values and 

lowest BTC values, which means passable ability of 

heavy metal accumulation by the plant  and limited 

translocation within the plants. Among the plant species 

evaluated none of them satisfied all for criteria set at the 

earlier (were identified as metal hyperaccumulator) 

However, all but P. virgatum had BCFs and BACs 
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greater than 1. O. basilicum and L. cylindrica were 

most effective in terms of these values. These plant 

species were considered suitable for growing in 

industrially polluted regions, as they accumulate 

considerable quantities of heavy metals from the soil 

with their root system but in term of accumulated 

concentration in the shoot P. virgatum was the best. 

Therefore all the plant species studied can be used as 

potential aspirant for restoring heavy metals 

contaminated site. Similarly, hyperaccumulators are 

species of plant that accumulate appreciable quantities 

of a metal in their tissues regardless of their 

concentration in the soil (Parad and Freitas, 2003). 

Based on this criterion, all the tested plant species are 

hyperaccumulators and could therefore be suitable for 

lead phytoremediation, because they all accumulate 

appreciate concentration their biomass. According to 

Istvan and Benton (1997) the toxic concentration of 

lead metal was at 300 mgL-1, than all plant (L. 

cylindrica, O. basilicum and P. virgatum) were 

considered being hyperaccumulant because they did 

best at concentration greater than toxic level. 

 

For P. virgatum that was able to absorb reasonable 

amount of lead in both shoot or root which may be  as a 

result of a process called Rhizodegradation due to it 

hardy deep rooted system that enhancement the 

naturally-occurring biodegradation in soil and ideally 

will lead to destruction or detoxification of 

contaminant. Other terms have been used by some 

authors as synonyms for rhizodegradation, such as 

enhanced rhizosphere biodegradation. Contaminants in 

soil can often be broken down into simpler products or 

completely mineralized to inorganic products such as 

carbon dioxide and water by naturally occurring 

bacteria, fungi, and actinomycetes. The nature of the 

plant roots will often increase the size and variety of 

microbial populations in the soil surrounding roots (the 

rhizosphere) or in mycorrhizae (associations of fungi 

and plant roots).  Similar assertion was made by Jordahl 

et al. (1997) that significantly higher populations of 

total heterotrophs, denitrifiers, pseudomonads, 

degraders, and atrazine degraders were found in 

rhizosphere soil around hybrid poplar trees in a field 

plot (Populusdeltoides × nigra DN-34, Imperial 

Carolina) than in non-rhizosphere soil (Jordahl et al., 

1997). The increased microbial populations are due to 

stimulation by plant exudates. Such as sugars, amino 

acids, organic acids, fatty acids, sterols, growth factors, 

nucleotides, flavanones, enzymes, and other compounds 

(Shimp et al., 1993). The increased microbial 

populations and activity in the rhizosphere can result in 

increased contaminant biodegradation in the soil, and 

degradation of the exudates can stimulate metabolism 

of contaminants in the plant rhizosphere. P. virgatum is 

may be regarded as  lead hyperaccumulator though 

Biological Transfer Coefficient was less than one at all 

level but Biological Accumulation coefficient  and 

Bioconcentration factor was up to 33.80and 15.09 

respectively. Henderson et al. (2007) reported that 

compound atrazine and its metabolites were found in 

both root and above-ground tissue of P. virgatum which 

was 0.5% and 7% of applied atrazine, respectively. 

Recently P. virgatum was founded to contain 

degradation products of atrazine, of which 94.3% of the 

applied amount were found as metabolites (Lin et al., 

2008). 

 

According to Rowell et al. (2002) the structure of L. 

cylindrica is cellulose based and the surface in contact 

with media is negatively charged, Pb2+ compound use 

was to dissolve to give cationic metal which will 

undergo attraction on approaching the anionic Luffa 

cylindrical structure (Ho, et al 2002) on this basis, it is 

expected that metal cation such as Cu2+ and Pb2+ will 

have strong sorption affinity for L. cylindrica hence it 

absorb as high as 556.63±5.73, 154.88± 5.80 and 

1142.45±5.48 mg/kg in leaf, stem and root respectively. 

The biological accumulation coefficient or enrichment 

factor was 15.71 at 600 levels treatment which is far 

greater then phytoextraction factor of 1.7 for B. juncea 

which was use as indicator that was grown on lead 

concentration of 500mg/L (Henry, 2000). Considering 

the BTC or Translocating factor of 1.37 which qualified 

the plant to satisfied the criteria for a plant to be 

Hyperaccumulator as proposed by Yanqun et al. (2005) 

that BTC must be greater than one. 

 

The effects of Pb on morphological characteristic of the 

studied plants species are presented in Table 3.The 

results show that plant height increase with 

concentration with the highest means value in L. 

cylindrica comparisons of indicate that there is 

significantly different between the species and within 

the concentration level as well as their interaction 

(p<0.05) when R2=91.36%. Leaf number also increases 

with increasing concentration with exception of 

600mg/L which decrease analysis of variance indicate 

that leaf number is significantly different with 

concentration, species and their interaction 

(p<0.05).R2=66.25%. Root length generally decrease 

with increasing concentration with exception of 400 

treatments which increase with the means values of 24 

cm in L. cylindrica only and shows that root length 

(cm) and concentration of lead content mg/kg are 

insignificantly different (p<0.05). But significantly 

different with species and their interaction (p<0.05) 

where R2=76.72%. Concentration can decrease root 

penetration, leading to some portions of the soil never 

being contacted by roots. Perhaps the most serious 

impediment to successful rhizodegradation is its 

limitation to the depth of the root zone. Many plants 

have relatively shallow root zones, and the depth of root 

penetration can also be limited by soil moisture 

conditions or by soil structures such as hard pans or 

clay pans that are impenetrable by roots. However, in 

some cases roots may extend relatively deep (e.g., 110 

cm) and extend into soil with high contaminant 

concentrations (Olson and Fletcher, 2000). 

Plant height and number of leaves in O. basilicum 

increase with increasing concentration with the 

exception of 600 mgL-1 (treatment) which shown 
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decrease. The highest plant height and leave number 

was obtained at 800 mgL-1 while control had the lowest 

values for plant height and number of leaves which 

reveals that lead has significant positive effect on plant 

height and number of leave. The root length of O. 

basilicum increased with concentration at the low levels 

and decrease at height levels which confirms the work 

of Olson and Fletcher (2000) that concentrations can 

decrease root penetration. O. basilicum dry matter 

increased with concentration then decreased and then 

increased again with the highest value recorded at 400 

mgL-1 and the lowest at 600 mgL-1.this mean that at 600 

and 800mg/L lead concentration significantly reduce 

the production of biomass and 400mg/L is the 

concentration at which O. basilicum was at peak. Plant 

height in L. cylindrica increase with inccreasing 

concentration and  leaves number follow the same trend 

with increasing concentration with the highest value at 

the highest treatment and lowest at the control, 

increases in lead concentration significantly affect the 

number and plant height in concentration dependent 

manner. Root length of L. cylindrica does not follow 

any usual pattern. 

Biomass produces at the end the experiment, shows an 

increase significantly with concentration and then 

decrease at the highest treatment, L. cylindrica 

produced the highest biomass with average mean value 

of 8.33g against O. basilicum with 6.27g though 

accumulated lead content in O. basilicum is higher than 

that of L. cylindrica which against the point of 

McGranth (1998).that the greater biomass of plant, the 

greater the mass of metals it would be remove from the 

soil. Even though the concentration within the plant 

might be lower than in hyperaccumulators. He also 

point out that however, the much higher metal 

concentration achievable in hyperaccumulators more 

than compensate for their low biomass. 

 

Table 2: The biological transfer coefficient (BTC), Biological Accumulating Coefficient (BAC), and 

Bioconcentraion Factor (BCF) in selected plants. 

     Biological  Translocating coefficient   Biological Accumulating  Coefficient                 Bioconcentration factor      

Conc. 

(mgL-

1) 

L.  

cylindrical 

 

O. 

basilicum 

 

P. 

virgatum 

 

L. 

cylindrical 

O. 

basilicu

m 

 P.  virgatum L. 

cylindrica 

O. 

basilicum 

P. virgatum 

  0 

200 

400 

600 

800 

1.87 

1.39 

0.56 

1.09 

0.90 

0.92 

1.23 

1.12 

1.50 

1.43 

0.47 

0.54 

0.52 

0.69 

0.87 

2.59 

0.85 

0.73 

15.71 

7.50 

3.01 

5.92 

6.00 

11.35 

6.53 

33.85 

3.63 

3.10 

1.08 

1.14 

1.35 

0.61 

14.74 

13.95 

8.39 

2.71 

5.12 

5.35 

9.0 

4.58 

71.33 

15.09 

5.92 

1.07 

1.14 

*Values are means of Triplicate Determination. * Species with values greater than 1 possess hyperaccumulators property 

 

 

Table 3: Effect of lead on morphological characteristics of the studied plants. 

Species Conc.(mgL-1) 

 

Plant height(cm) 

 

Leaf no.(cm)    Root length(cm)  Biomass(g) 

O.       O.  basilicum 

 

 

 

 

0 

200 

400 

600 

800 

25.33a±2.03  

29.33a±1.20  

30.33a±1.45  

21.00b±1.00  

30.33a±9.10  

39.00a±10.6 

43.00a±  4.41  

59.00b±8.21 

26.00b±2.08  

57.00a±12.01  

13.33a±1.45 

13.33a±1.67  

9.00±b00  

9.00±b58  

9.00±b00   

4.30b±06  

5.17b±03  

10.30a±06  

4.23b±09  

7.33b±09               

L. cylindrical 0 

200 

400 

600 

800 

73.33b±8.04 b 

138.33a±8.10  

130.67a±6.20  

145.67a±10.3 

116.00a±23.26 

12.00b±0.58  

17.00a±0.58  

20.00a±2.33  

22.00a±2.84  

24.00a±4.51  

20.33a±1.20  

17.33a±4.05  

24.67a±1.45  

18.00a±3.61  

18.00a±1.00  

4.00b±35  

8.43b±0.59 

9.70b±1.29  

13.77a±1.13 

5.77a±0.9 

 

*The values are means of tree replicate determination. 

*Values with different superscript in the same column are significantly different (p<0.05). 
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Based on the findings of this result, the following plant 

could be introduced as Heavy metals accumulators; L. 

cylindrica and O. basilicum although some differences 

occur between them regarding the amount and 

accumulating organ (leaf, stem and root). In general, O. 

basilicum is considered the best hyperaccumulator 

among the studied plants species followed by L. 

cylindrica because they satisfied most of the proposed 

criteria for a plant to be hyperaccumulator. In 

conclusion, based on the findings of this study, all the 

studied plants possess the potentials to be used in 

phytoremediation of lead contaminated soil. L. 

cylindrica and O. basilicum were regarded as 

hyperaccumulators for their potential in accumulation 

and translocation of higher amount of lead content in 

their tissues. The study recommend the use of O. 

basilicum, L. cylindrica and P.virgatum in remediating 

lead contaminated sites and considered O. basilicum 

and L. cylindrica as hyperaccumulators. 

 

Acknowledgments  

This research was supported by Professor Adamu Aliyu 

Aleiro, Dr. M.B. Muhammad, Mal. Umar Garba Tireta 

and Abdulkadir Aliyu Gandi. 

 

 

REFERENCES 

Adedokun, J.A., Emofureta, W.O. and Adedoji, O.A 

(1989). “Physical,mineralogical and chemical 

properties of harmattan dust at Ile-Ife, 

Nigeria. Applied Climatology 40: 161-169. 

Antonovics, J., Bradshaw, A.D. and Turner, R.G. 

(1971). Heavy metal tolerance in plants. 

Advance Ecological Research 7: 1-85. 

Baker, A.J.M. and Brooks, R.R. (1989). Terrestrial 

Higher Plants which accumulate metallic 

elements: A review of their distribution, 

ecology and Phytochemistry. 

Biorecovery1:81-126. 

Baker, A.J.M., Reeves R.D and Hajar A.S.M. (1994). 

Heavy metal accumulation and tolerance in 

British populations of the metallophyte 

Thlaspi caerulescens. J. & C. Presl 

(Brassicaceae).  New Phytologist  127: 61-68. 

Black, H. (1995). Absorbing possibilities: 

Phytoremediation. Environmental Health 

Prospective 103 (12): 1106-1108. 

Bouwman, L.A., Loem, J., Romkens, P.F.A.M and 

Japenga, J. (2005). EDGA amendment of 

slightly heavy metal loaded soil affects heavy 

metal solubility, crop growth and 

microbivorous nematodes but not bacteria and 

herbivorous nematodes. Soil biology and 

Biochemistry Journal 37(2): 271278. 

Brooks, R.R. (1998b). Phytochemistry of 

hyperaccumulators. In R.R. Brooks (ed.), 

Plants that Hyperaccumulate Heavy Metals. 

CAB International, New York, NY, pp. 15-

53. 

Brown, M.J. (2012). Lead Poisoning prevention branch 

centres for disease control and prevention, 

Atlanta, USA. 

Brown, S.L., Chaney, J.S and Baker, A.J.M. (1994). 

Phytoremediation potential of Thlaspi 

caerulescens and bladder campion for zinc 

and cadmium contaminated soil, Journal of 

Environental Qualilty 23: 1151-1157. 

Chaney, R.L., Malik, M., Li, Y.M., Brown, S.L., 

Brewer, E.P., Scott Angel, J. and Baker, 

A.J.M, (1997). Phytoremediation of soil 

metals. Current Opinion Biotechnology 8: (2) 

279-284. 

Environmental Writer: Lead chemical Backgrounder. 

2000.Available 

(online):http://WWW.nsc.org/ehc/ew/chems/l

ead. Htm (6 June, 2000). 

Fitz, W. J. and Wenzel, W.W. (2002).Arsenic 

transformation in the soil rhizosphere-plant 

system, fundamental and potential application 

of phytoremediation. Biotechnology 99: 259-

78. 

Galadima, A., Garba, Z. N., Leke, L., Almustapha, M. 

N. and Adam, I. K (2011) Domestic Water 

Pollution among LocalCommunities in 

Nigeria ----Causes and Consequences. 

Galadima, A et al./ Elixir Pollution 45 (2012) 

7917-7922 

Garbisu, C. and Alkorta, I. (2001). Phytoextraction: A 

cost effective plant-based Technology for the 

removal of metals from the environment. 

Biological Resource Technology 77(3): 229-

236. 

Henderson, K.L., Belden, J.B. and Coats, J.R. 

(2007).Fate of atrazine in a grass 

Phytoremediation system. Environmental 

Toxicology Chemistry 26:1836-42. 

Henry, J.R. (2000). In An overview of 

phytoremediation of lead and Mercury-NNES 

Report. Washington, D.C. 3-9. 

Ho, Y.S., Huang, C.T. and Huang, H.W.(2002). 

Equilibrium Sorption Isotherm for Metal Ion 

Tree Fern. ProcessBiochemistry 37:1421-

1430. 

Istvan, P. and Benton, J. (1997).Traceelement. Lucie 

press, Boca Raton, Florida. 

Jordahl, J.L., Foster, L. Schnoor, J.L and Alvarez P.J.J. 

(1997).Effect of hybrid poplar trees on 

microbial populations important to hazardous 

waste bioremediation. Environ. Toxicol. 

Chem. 16(6):1318-1321. 

Kakar S.U.R., Wahid, A. Tareen, R.B., Kakar S.A. and 

Jabeen, R. (2011). Impact of municipal 

wastewaters of Quetta city on some oilseed 

crops of Pakistan: Effects on biomass, 

physiology and yield of sunflower 

(Helianthus annuus L.). Pakistan Journal 

Botany 43(3): 1477-1484. 

Kinnersely, A.M. (1993). Plant Growth 

Relegulation.Nature12: 207-217. 



Phytoremediation Potential of Selected………………      Savanna Journal of Basic and Applied Sciences 

 

255| Copyright © 2019. Federal University Birnin Kebbi, Nigeria 
 

Li, T.Q., Yang, X.E., He, Z.L., Stoffella and Hu, Q.H 

(2005). Root response and metal 

accumulation in two contrasting ecotypes of 

Sedium alfredii hence under lead and zinc 

stress. Journal of Environmental Science 

Health 40(5):1081-1096. 

Lin, C.H. Lerch, R.N. Garrett, H.E. and George, M.F. 

(2008). Bioremediation of atrazine 

contaminated soil by forage grasses: 

transformation, uptake, and detoxification. 

Journal of Environmental Qualities 37:196-

206. 

Mangkoedihardjo, S. (2006). The kinetics of 

biodeconcentration for nitrate: case study for 

Microbial denitrification and plant absorption. 

Malaysian Journal of Soil Science10: 67-75. 

McGrath, S.P. 1998. Phytoextraction for soil 

remediation. In R.R. Brooks (ed.), Plants that  

Hyperaccumulate Heavy Metals. CAB 

International, New York, NY, pp. 261-287. 

Olson, P.E., and Fletcher J.S. (2000).Ecological 

recovery of vegetation at a former industrial 

sludge basin and its implications to 

phytoremediation. Environment Science 

Pollution Res. 7:1-10. 

Prasad, M.N.V and Freitas, H. (2003). Metals 

hyperaccumulation in plants Biodiversity 

prospecting for phytoremediation technology, 

Electro Journal: Biotechnology Journal6 (5): 

285-321. 

Rowel, R.M., James, S.H .and Jeffrey (2002). 

Characteristic and Factors Effecting Fibre 

Properties, in Frollini, E., leao A.L., Mattoso, 

LHC,(ed). Natural polymers and Agrofibres 

Based composites. Embropa Instromentacao 

Agropecuaria, San Carlos, Brasil, 115-134.   

Salt, D.E. Smith, R.D. and Raskin. (1998). 

Phytoremediation; Annual Revision on Plant 

Physiology and Molecular Biology 49(1): 

643-668. 

Shen, Z.G. and Liu, Y.L. (1998). Progress in the study 

of the plants that hyperaccumulate heavy 

metal. Plant Physiological Communities, 34: 

133-139. 

Shimp, J.F., Tracy, J.L., Davis, L.C., Lee, E., Huang, 

W., Erickson, L.E and J.L. Schnoor, J.L. 

(1993). Beneficial effects of plants in the 

remediation of soil and groundwater 

contaminated with organic materials. Crit. 

Revolution Environment Science and 

Technology 23: 41-77. 

 

 

 

 

 

Shu, W.S., Ye, Z.H., Lan, C.Y., Zhang Z.Q. and Wong. 

M.H. (2002).Lead, zinc and copper 

accumulation and tolerance in populations of 

Paspalum distichum and Cynodon dactylon. 

Environmental Pollution,120: 445-53. 

Standard method, (1995).Standard method for the 

Examination of water and wastewater. 

American public Health Association / 

American water works Association/Water 

Environmental federation, Washington DC, 

19th Edition. States Environmental Protection 

Agency: Lead and Human Health. 2000. 

available 

onlinehttp://www.epa.gov/superfound/progra

ms/lead/lead.htm[7 june,2000]. 

Stoltz, E. and M. Greger.(2002). Accumulation 

properties of As, Cd, Cu, Pb and Zn by four 

wetland plants species growing on submerged 

mine tailings.Environmental Experimental 

Botany 47: 271-80. 

Susarla, S. Medina V.F. and McCutcheon, S.C. (2002). 

Phytoremediation: an ecological solution to 

organic chemical contaminant. Ecological 

Engineering Journal 18 (5): 647-658. 

United States Environmental Protection Agency 

(Internet). Washington (DC): c2006. Decision 

documents for atrazine; 6 Apr 2006 [cited 

2009 Aug 24]; [323pages]. Available from: 

http://www.epa.gov/oppsrrd1/Reds/atrazine_c

ombined_docs.pdf 

Wei, T. B., Chen, Z.C and Huang, Z.C. (2002). Cretan 

bake (Pteriscretica): An Arsenic 

accumulating Plant. Acta Ecologica Sinica, 

22: 777-782. 

Xiong, H.Y., Yang X.E., YE, Z.Q. (2004). 

Characteristic of cadmium uptake and 

accumulation by two contrasting Ecotypes of 

sedun alfredii. Journal of Environmental 

science health 39 (11-12):2925-2940. 

Yanqun, Z., Yuan, L., Jianjun, C., Haiyan, Q. and 

Schvartz, C. (2005).Hyper accumulation of 

Pb, Zn and Cd in herbaceous grown on lead-

zinc mining area in Yunnan, China. 

Environmental Institute Journal 31 (5): 755-

762. 

Yoon, J., Cao, X., Zhou Q. and Ma. Q.L. (2006). 

Accumulation of Pb, Cu and Zn in native 

plants growing on a contaminated Florida 

site. Science of the Total Environment 368: 

456-464. 

Zu, Y.Q., Li, Y., Chen, J.J., Chen, H.Y, Qin, L. and 

Schvartz, C. (2005). Hyperaccumulation of 

Pb, Zn and Cd in herbaceous grown on lead-

zinc mining area in Yunnan, China. 

Environment. International  31: 755-762.

   

 

 

  

 

http://www.epa.gov/superfound/programs/lead/lead.htm%5b7
http://www.epa.gov/superfound/programs/lead/lead.htm%5b7
http://www.epa.gov/oppsrrd1/REDs/atrazine_combined_docs.pdf
http://www.epa.gov/oppsrrd1/REDs/atrazine_combined_docs.pdf

