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Abstract 
Environmental pollution has become a global issue. The adoption of a cost effective and friendly remediation technique is thus 
encouraged. This study evaluated the potentials of Jatropha curcas L (Jatropha), Saccharum spontaneum L (Wild Sugarcane) and 
Helianthus annuus L (Sun flower) in the phytoremediation of Cr, Cd, Pb and Hg heavy metal contaminated soils. A potted experiment 
was used for the study. Data analysis was carried out using Minitab (17.0) for descriptive and inferential statistics. All pollution 
indices (PIs) were <1.0 with the highest pollution index found in sunflower soil (0.63) and the least in Jatropha soil (0.46). Only 
the augmented wild sugarcane had Overall Bio-concentration Factors (OBCFS) >1.0 in order of augmented wild sugarcane (1.1) > 
wild sugarcane (0.84) > augmented sunflower (0.81) > augmented Jathropha (0.78) > sunflower (0.6). All test plants had Overall 
Translocation Factors (OTFs) of >1.0 in order of augmented sunflower (1.98) > augmented and non-augmented wild sugarcane 
(1.94) > augmented Jatropha (1.93) > Jatropha (1.86) > sunflower (1.15). The study revealed that three test plants were good 
phytoremediants. However, only the augmented wild sugarcane was a hyperaccumulator. The test plants had high heavy metal 
uptake based on their translocation factors. This study recommends the use of the test plants in phytoremediation of heavy metal 
contaminated soils using cow dung.
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Introduction

Soil is one of the essential gifts of nature which support the 
biotic community. It often referred to as the cradle of life, plays 
an irreplaceable role in supporting ecosystems. Despite its signif-
icance, alarming rates of soil contamination are threatening this 
vital resource [1]. However, soil contamination is a major environ-
mental issue that requires effective preventive measures [2]. In re-
cent years, the contamination of soil by heavy metals has become a  

 
major environmental concern Pollutants such as heavy metals are 
non-biodegradable nor destroyed thus pose environmental risk. 
Heavy metal contamination in soil is a significant environmental is-
sue that poses risks to human health, plants, and animals [3]. Heavy 
metals are toxic and can accumulate in the soil, leading to long-term 
environmental damage [4,5]. Therefore, remediation of heavy met-
al-contaminated soil is crucial to mitigate these risks and restore 
the ecological balance.
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Heavy metal is defined as a chemical element with a specific 
gravity that is at least five times that of water (Soni and Jain, 2014). 
They have been reported to play positive and negative roles in hu-
man life. Some heavy metals like Cadmium (Cd), Chromium (Cr), 
Lead (Pb) and Mercury (Hg) even in trace amounts, are considered 
very harmful to the environment since they do not biodegrade 
while others like Iron (Fe), Zinc (Zn) and Copper (Cu) are essential 
for biochemical reactions in the body [6]. 

The most common heavy metals found in contaminated envi-
ronments, in order of abundance are Fe, Pb, Cr, As, Zn, Cd, Cu, and 
Hg [7]. Heavy metals cannot be degraded and hence accumulate 
in the environment, tending to contaminate the food chain. Heavy 
metals are released into the environment by both natural and an-
thropogenic sources [8]. Uptake and accumulation of heavy metals 
in plants is influenced by attributes such as natural occurrences 
derived from parent material (rock), atmospheric deposition (de-
pending on traffic density), concentration and bioavailability of 
heavy metals in soil (through addition of pesticides, herbicides, and 
fertilizers), the nature of soil where plants are grown (pH and or-
ganic matter concentration), individual plant performance (degree 
of maturity of the plant, time of harvest) [9]. Soil is recognized as a 
repository for pollutants due to the absorption processes that bind 
inorganic and organic substances to it [10]. Some soils may have 
higher levels of heavy metals due to volcanic activity or weathering 
of parent materials[11]. Anthropogenic activities such as smelting, 
mining, use of pesticides, fertilizers, sludges, and emissions from 
industries are also responsible for heavy metals accumulations in 
the soils [7]

Recent advances in bioremediation techniques with the goal be-
ing to effectively restore polluted environments in an eco-friendly 
approach, and at a very low cost [12,13]. Environmentally friendly 
and cost-saving features are among the major advantages of biore-
mediation compared to both chemical and physical methods of re-
mediation [14]. Plants are part of natural endowment as sources of 
food, shelter, medicine, aesthetics and other uses. By using plants 
in the cleanup of the environment, this method helps remediate 
the contaminated soil, reviving it to its natural state of being less 
harmful [15]. Plants have the potential to take up minerals from the 
soil, even in minute quantities. This is transported via the xylem to 
and stored in different parts of the plant’s tissues [16]. However, 
how well phytoremediation works depends on the specific plants 
chosen for the task, as the mechanism and plants’ ability to absorb 
different forms of minerals varies.

Phytoremediation is a set of ecological strategies that utiliz-
es plants, in situ, to promote the breakdown, immobilization, and 
removal of pollutants from the environment [17]. This technique 
relies on the use of plant interactions (physical, biochemical, bio-
logical, chemical, and microbiological) in polluted sites to mitigate 
the toxic effects of pollutants [18]. Depending on the pollutant type 
(elemental or organic), there are several mechanisms involved in 
phytoremediation such as extraction, degradation, filtration, stabi-
lization, and volatilization. [13].

Using plants helps remediate the contaminated soil or makes 
it less harmful, thereby restoring the soil’s health [15]. Plants can 

take up minerals from the soil, even in small amounts, and spread 
them through their systems [16]. However, how well phytoreme-
diation works depends on the specific plants chosen for the task. 
By using plants, this method helps remediate the contaminated 
soil or makes them less harmful, thereby restoring the soil’s health 
[15,19]. Plants can take up minerals from the soil, even in small 
amounts, and spread them through their systems [16]. However, 
how well phytoremediation works depends on the specific plants 
chosen for the task.

The current state of research in the field of plant phytoextraction 
and heavy metal contamination has focused on the potential of var-
ious plant species for remediating metal-contaminated soils. How-
ever, there is a lack of consensus regarding the most effective plant 
species and the remediation indices that should be used to evalu-
ate their Phyto extractive potentials. Some studies suggest that the 
chemical composition of foliage alone is not sufficient to assess the 
suitability of a plant species for phytoextraction. Other factors such 
as rooting zone depth, soil density, and harvestable biomass should 
also be considered. Jatropha, Wild sugarcane, and Sunflower are 
among the plant species that have shown promise in accumulating 
heavy metals from contaminated soil. However, a comprehensive 
comparative study evaluating their Phyto extractive potentials us-
ing remediation indices such as Plant Uptake Index (PI), Bioconcen-
tration Factor (BCF), and Translocation Factor (TF) is lacking.

Therefore, there is need to examine the Phyto extractive abili-
ties of different plants such as Jatropha, Wild Sugarcane, and Sun-
flower using remediation indices to identify the most effective plant 
for phytoremediation. Priya et al., [16] submit that, not all plants 
are capable of Phyto remediation, as only plants with high Phyto ex-
tractive potential can effectively remediate contaminants from the 
soil. The present study is designed to test the efficacy of Jatropha 
curcas (Jatropha), Saccharum spontaneum (wild sugarcane) and 
Helianthus annuus (sunflower) as potential heavy metal accumu-
lators that could be used to clean up soils contaminated with toxic 
heavy metals such as Chromium (Cr), Cadmium (Cd), Lead (Pb) and 
Mercury (Hg) using remediation indices like Plant Uptake Index 
(PI), Bioconcentration Factor (BCF), and Translocation Factor (TF).

Materials and Methods

Study area

The study area is Makurdi, the State Capital of Benue State 
Makurdi. The experimental site is within the Joseph Saawuan Tarka 
University (the defunct Federal University of Agriculture) Makurdi 
(latitude 7o38’N-7o50’N, and longitude 8o24’E-8o38’E) [20]. The 
nursery barn of the Forestry Department, Joseph Saawuan Tarkaa 
University Makurdi, situated behind the water and works Unit of 
the University and enclosed by a fence, serves as a designated study 
area for soil preparation, treatment, and planting of test plants. This 
location provides a controlled environment for the conduct of the 
research work.

Experimental design

The Completely Randomized Experimental Design was used 
for this study. Randomization ensures that the treatment groups 
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are comparable and that any observed differences in the response 
variable can be attributed to the treatments rather than other fac-
tors. This allows for proper statistical analysis, hypothesis testing, 
and estimation of treatment effects with confidence intervals. The 
Complete Randomized Design (CRD) experimental design using 
the General Full Factorial design (5x3x2) X 3 design structure, tool 
function of the Minitab 16.0 software was employed. A total of 90 
experimental units of three factors were set. 

Sources of heavy metals

The following heavy metal salts used in the work were pro-
cured from a standard commercial laboratory: CdCl2 (Cadmium 
Chloride), K2Cr207 (Potassium dichromate), PbCl2 (Lead II Ch-
rolide) and Hg(NO3)2 (Mecury (II) Nitrate) for the preparation of 
Chromium (Cr), Lead (Pb), Mercury (Hg), and Cadmium (Cd) salts.

Soil sample collection (pre experiment)

Soil samples was collected from an undisturbed area behind 
the Botany Department of the University using the soil auger at 
the depth of 0-15cm for pre-soil analysis. Samples were collected 
in sterilized polythene bag and taken to the laboratory for pre-ex-
periment of soil.

Preparation of heavy metal stock solutions for treat-
ment

Cadmium stock solution

In Cadmium, 18.33 g of CdCl2 (Cadmium Chloride), was dis-
solved in 200 cm3 of distilled water in a 1000 cm3 volumetric flask 
and diluted to mark to give a solution of 1000 mg/L stock solution 
of Cadmium and stored [21].

Chromium stock solution

In Chromium, 1084.14 g of K2Cr207 (Potassium dichromate), 
was dissolved with 200.00 cm3 of deionized water in a 1000 cm3 
volumetric flask and diluted to mark with water to give a 1000 mgL-
1 stock solution of Chromium and stored [21].

Lead stock solution

In Lead, 27.81 g of PbCl2 (Lead II Chrolide) was dissolved in 
50.00 cm3 of deionized water in a 1000 cm3 volumetric flask. The 
solution will be diluted to mark with distilled water to give a 1000 
mgL-1 stock solution of Lead and stored [21].

Mercury stock solution

To prepare 1000 mL of a 0.1 mol/L solution of Mercury(II) ni-
trate we have to dissolve 32.46 g of Hg(NO3)2 (100 % purity) in de-
ionized or distilled water. After the solid is completely dissolved, di-
lute the solution to a final volume with deionized (distilled) water. 
The solution was transferred to a clean container and stored [21].

Plant sample collection and authentication and analysis

Whole Plant samples and seeds of Jatropha plant (Jatropha cur-
cas L.), wild sugarcane (Saccharum spontaneum L.) was collected 
at the Nursery and farm village of the forestry Department Joseph 
Saawuan Tarka University. The sunflower (Helianthus annuus L.) 

was commercially purchased. Both plants were authenticated in 
the Forestry Department, Joseph Saawuan Tarka University with 
further confirmation using the flora of West Africa album in com-
parism with description in literature. All plants were pre-estab-
lished for eight weeks (two months) before the experiment proper. 
This was to allows for a pilot tests or preliminary experiments. The 
chosen test plants all exhibited morphological characteristics as de-
scribed in literature.

Samples of the test plants pre-established for eight weeks 
for preliminary experiments were collected in a ziplock bag for 
pre-treatment and analysis of heavy metals. All plant samples were 
oven dried using GNLAB Mino economy oven of model MINO/75 at 
1050C to a constant weight and crushed using wooden mortar and 
pestle [22]. 0.5 g of plant samples were weighed into a clean flat 
bottom flask of 250ml using a scale of model AR2130 Ohaus Cor-
poration China. 5ml of concentrated Nitric per Chloric acid (HNO3 
/ HCLO4) in the ratio of 2:1 was added to the sample. Analysis of 
selected heavy metals (Cd, Pb, Cr, Hg) were done using Atomic Ab-
sorption Spectrophotometer AAS in mgl-1 of Model ICE 3000 Se-
ries, Thermo Scientific, USA at the Chemistry Advanced Research 
Centre (CARC), Sheda Science and Technology Complex (SHESTCO) 
Abuja.

Procedures of treatment application and planting of test 
plants

The soil in the pots were spiked with 50ml of the different heavy 
metals based on the experimental design and mixed thoroughly us-
ing a spatula, except in the control pot without treatments.  For pots 
receiving manure treatments, the soil was mixed with 0.4kg of cow 
dung and allowed to stand for four weeks before plantation. This 
was to ensure that the organic matter in the cow dung undergoes 
decomposition and integrates with the soil, enhancing its overall 
fertility and quality. This integration period also allows for better 
nutrient release and transformation, creating a favorable environ-
ment for plant growth. 

The test plants Jatropha plant (Jatropha curcas L.), wild sugar-
cane (Saccharum spontaneum L.) and sunflower (Helianthus an-
nuus L.) were planted in the experimental pots filled with 5kg of 
pre-determined unpolluted soil. The method described by Paliza et 
al., [23] was employed with modifications.

Sample preparation

Collection of samples was done for weeks 5 and 10 after plant-
ing.  The whole plant samples were carefully collected in a Ziplock 
bag, labelled, and conveyed to the laboratory. Plant samples were 
thoroughly washed with tap water and rinsed with distilled water 
to remove soil debris. The stems were separated from the roots and 
cut into smaller pieces. 

All plant samples were oven dried using GNLAB Mino economy 
oven of model MINO/75 at 1050C to a constant weight and crushed 
using wooden mortar and pestle [22]. Porcelain mortar and pestle 
were also used to crush the soil samples to a homogenized state. 
The Porcelain mortar and the wooden mortar and pestles were 
rinsed with distilled water and dried after each sample ground to 
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avoid cross contamination [24]. Each sample was passed through 
a sechi standard test sieve of 2mm, the fine powder of the samples 
was stored in airtight plastic containers with lid for analysis [25].

Heavy metal analysis in plants and soil

Digestion of samples was done in Advanced research labora-
tory, Joseph Saawuan Tarka University Makurdi. The method of 
AOAC [22] was adopted in digesting the heavy metals. 0.5 g of plant 
samples were weighed into a clean flat bottom flask of 250ml us-
ing a scale of model AR2130 Ohaus Corporation China. 5ml of con-
centrated Nitric per Chloric acid (HNO3 / HCLO4) in the ratio of 
2:1 was added to the sample. The plant samples were allowed to 
stay for two minutes before been placed on the hotplate of model 
ES-3615, Everest China in a fume cupboard. This was heated gen-
tly until a clear solution was obtained which signified a complete 
digestion. The crushed plant material was allowed to cool to room 
temperature (25oc). Clean crucibles were used for soil samples 
digestion; 5ml of concentrated Nitric per Chloric acid (HNO3 / 
HClO4) in the ratio of 2:1 was added to each soil sample and shook 
for proper mixing. Soil samples in the crucibles were placed in the 
fume cupboard and allowed to stay for 24 hours before being fil-
tered. Both plant and soil samples were filtered using Whatman 
no.1 Filter Paper. The filtrates were diluted with deionized water 
to 25ml mark and transferred into clean plastic bottles with lid and 
labelled accordingly for heavy metals analysis.

 Analysis of selected heavy metals (Cd, Pb, Cr, Hg) were done 
using Atomic Absorption Spectrophotometer AAS in mgl-1 of Model 
ICE 3000 Series, Thermo Scientific, USA at the Chemistry Advanced 
Research Centre (CARC), Sheda Science and Technology Complex 
(SHESTCO) Abuja.

Results

Determination of pollution indices (PIs) of heavy metal 
contaminated soils

Table 1 -3 give the computed pollution indices of heavy metal 
contaminated soils under phytoremediation trials. 

In Jatropha trials (Table 1), Concentration Factors (CFs) of 
heavy metal contaminated soils were 0.46 in Cr, 0.56 in Cd, 0.00 in 
Pb and 0.82 in Hg. Consequently, the computed pollution index of 
Jatropha soil after remediation was 0.46. In wild sugarcane trials 
(Table 2), Concentration Factors (CFs) of heavy metal contaminated 
soils were 0.63 in Cr, 0.49 in Cd, 0.45 in Pb and 0.65 in Hg. Conse-

quently, the computed pollution index of wild sugarcane soil after 
remediation was 0.56.  In sunflower trials (Table 3), Concentration 
Factors (CFs) of heavy metal contaminated soils were 0.64 in Cr, 
0.55 in Cd, 0.51 in Pb and 0.82 in Hg. Consequently, the computed 
pollution index of sunflower soil after remediation was 0.63.  As 
shown figure 2, all pollution indices (PIs) were <1.0. The highest 
pollution index was found in sunflower soil (0.63) and the least in 
Jatropha soil (0.46). 

Determination of BCFs of heavy metals in test plants

Bio-centration Factors (BCFs) are presented in Table 4. In the 
non-augmented experiments, the highest BCFs of heavy metal were 
found in Jatropha (BCFs of Cr was 0.29 and Cd was 0.24) and wild 
sugarcane (BCFs of Pb was 0.29; Hg was 0.1). In the augmented 
experiments, the highest BCFs of heavy metal were found in Jatro-
pha (BCFs of Cr was 0.38), wild sugarcane (BCFs of Cd was 0.40; Pb 
was 0.36) and sunflower (BCF of Hg was 0.14). As a result, the aug-
mented wild sugarcane had the highest overall Bio-Concentration 
Factors (OBCFs) of 1.1 as the only experimental trial that recorded 
>1.0 OBCF (Figure 3). This was followed by non-augmented wild 
sugarcane (OBCF=0.84). Augmentation of pots containing the test 
plants increased OBCFs. In descending order, OBCFS are given as 
follows: Augmented wild sugarcane (1.1) > wild sugarcane (0.84) 
> augmented sunflower (0.81) > augmented Jatropha (0.78) > sun-
flower (0.67) > Jatropha (0.6). 

Determination of TFs of heavy metals in test plants

Computed Translocation Factors (TFs) are presented in Table 5. 
In the non-augmented experiments, the highest TFs of heavy metal 
were found in wild sugarcane (TFs of Cr was 0.63 and Hg was 0.36), 
Jatropha (TFs of Pb was 0.46) the two plants (wild sugarcane and 
Jatropha where TFs of Cd was 0.56). In the augmented experiments, 
the highest TFs of heavy metal were found in Sunflower (TFs of Cr 
was 0.77; Hg was 0.36), wild sugarcane (TFs of Cd was 0.62) and 
Jatropha (TF of Pb was 0.46). 

As a result, all experimental trials had OTFs (overall Transloca-
tion Factors) values of >1.0 as shown in Figure 4. The augmented 
sunflower had the highest OTF of 1.98 while the lowest was found 
in sunflower (1.15).  Augmentation of pots containing the test 
plants increased OTF values. In descending order, OTFS are given 
as follows: augmented sunflower (1.98) > augmented and non-aug-
mented wild sugarcane (1.94) > augmented Jatropha (1.93) > Jatro-
pha (1.86) > sunflower (1.15).

Table 1: Computation of pollution index (PI) for Jatropha treated soil.

 Cr Cd Pb Hg

Jatropha soil (a) 3.66 4.52 0 6.52

Baseline conc (b) 0.004 0.001 0.003 0

Initial addition (c) 8 8 8 8

Concentration Factor (CF)=a/b+c 0.46 0.56 0 0.82

PI =∑CF/4 0.46    
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Table 2: Computation of pollution index (PI) for wild sugarcane treated soil.

 Cr Cd Pb Hg

Wild sugarcane soil (a) 5 3.93 3.63 5.23

Baseline conc (b) 0.004 0.001 0.003 0

Initial addition (c) 8 8 8 8

Concentration Factor (CF)=a/b+c 0.63 0.49 0.45 0.65

PI=∑CF/4 0.56    

Table 3: Computation of pollution index (PI) for sunflower treated soil.

 Cr Cd Pb Hg

Sunflower soil (a) 5.1 4.42 4.1 6.53

Baseline conc (b) 0.004 0.001 0.003 0

Initial addition (c) 8 8 8 8

Concentration Factor (CF)= a/b+c 0.637 0.552 0.512 0.816

PI=∑CF/4 0.63    

Table 4: Computation of Bio-Concentration Factors (BCFs) of each heavy metal in test plants.

 BCF BCF BCF BCF

 Cr Cd Pb Hg

Non-augmented     

Jatropha 0.29 0.24 0 0.07

Sunflower 0.22 0.23 0.14 0.08

Wild sugarcane 0.22 0.23 0.29 0.1

Augmented     

Augmented Jatropha 0.38 0.31 0 0.09

Augmented Sunflower 0.2 0.27 0.2 0.14

Augmented Wild sugarcane 0.25 0.4 0.36 0.09

Table 5: Computation of Translocation Factors (TFs) of each heavy metal in test plants.

 TF TF TF TF

 Cr Cd Pb Hg

Non-augmented     

Jatropha 0.5 0.56 0.46 0.34

Sunflower 0.08 0.47 0.27 0.33

Wild sugarcane 0.63 0.56 0.39 0.36

Augmented     

Augmented Jatropha 0.53 0.61 0.46 0.33

Augmented Sunflower 0.77 0.51 0.34 0.36

Augmented Wild sugarcane 0.73 0.62 0.38 0.21
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Figure 1: Computation of pollution indices (PI) of phytoremediated soil.

Figure 2: Overall Bio-Concentration Factors (OBCFs) of heavy metals in all test plants.
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Figure 3: Overall Translocation Factors (TFs) of heavy metals in test plants.

Discussion

All pollution indices (PIs) were <1.0 benchmark. The highest 
pollution index was found in sunflower soil and the least in Jat-
ropha soil. This suggests that the three test plants are good phy-
toremediants of polluted soils. The bioconcentration factor (BCF) 
and translocation factor (TF) are among the most important pa-
rameters to determine the potential of plants to be used in phytore-
mediation [26]. There are two tolerance mechanisms against metal 
stress. The first mechanism involves metal excluder species that 
have a TF value lower than 1 and accumulate toxic metals in the 
roots with low root-shoot transfer. The second mechanism is typi-
cal of hyperaccumulator plants that have TF and BCF values higher 
than 1.0 benchmark.

Based on the obtained results, the augmented wild sugarcane 
had overall bio-concentration factors (OBCFS) >1.0 benchmark, 
therefore a hyperaccumulator. All test plants (Jatropha, sunflower 
and wild sugarcane had TFs>1.0 benchmark, thus characterized 
with high heavy metal uptake from contaminated soil. Augmented 
sunflower had the highest TF value. This outcome is in agreement 
with previous phytoremediation studies on sunflower [27-29] al-
though without the use soil amendments. Recently, Niu et al. [30] 
carried out a study on Sunflower (Helianthus annuus L.) under Cit-
ric and Glutaric acid-assisted phytoextraction. It was shown that 
the plant accumulated Cd and Pb excellently from polluted sites, 
hence that organic acids impacted the translocation of these heavy 

metals to aerial parts of the plants. Similarly, the application of or-
ganic manure to sunflower pots may have impacted in the translo-
cation of Cr, Cd, Pb and Hg metals in the present work [31].

Conclusion

The study established that the three test plants are good phy-
toremediants, based on the low pollution indices shown in the re-
sult. Only the augmented wild sugarcane had BCF >1, therefore, a 
hyperaccumulator. All test plants had TFs>1 and therefore charac-
terized with high heavy metal uptake. Augmentation of heavy met-
al polluted sites by cow dung during phytoremediation of the test 
plants produced excellent results. The organic manure used may 
have impacted the translocation of heavy metals in the test pants.
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