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Abstract
The primary energy source used today is crude oil, demand for it is anticipated to rise in the years to come. Due to its intensive exploitation, 

there may be more environmental incidents, such as spills and leaks, and there may be more environmental liabilities as a result of refining. The 
aim of this research was to investigate the phytoremediation potential of ficus benjamina on soils contaminated with crude oil. 10 kg of soil was 
manually contaminated with crude oil, the experiment consists of four treatments 0% (control), 2% (160ml), 4% (320ml) and 6% (420ml) of crude 
oil on a weight/volume basis with three replications, the stem of ficus benjamina plant cultivated on the contaminated soils for three months. There 
was significant reduction of the root dry matter weight from (6.7 -3.4 g/plant) and the shoot dry matter weight (5.4 -2.4g/plant) irrespective of the 
treatment, the soil pH increased significantly from 5.69 to 6.29 with increased levels of crude oil contamination.  translocation factors for Cd, Ni and 
Pb were greater than 1 irrespective of the treatments except for Cd at 6% level of crude oil, the bioconcentration factor for Cd, Ni and Pb were also 
greater than 1. The total petroleum hydrocarbon loss was significantly reduced from 2.71 to 0.87 %. The implication of this study has highlighted 
the potential of  ficus benjamina to be used for phytoremediation.
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Introduction

Crude oil is a quick and easy source of energy that enhances 
standard of living and increases the bar for a living. It is naturally 
found in the United States, Russia, Iran, Mexico, Iraq, Saudi Arabia, 
Kuwait, Libya, and Nigeria, to name a few countries [1]. The oil and 
gas sectors produce billions of tons of crude oil, natural gas, and de-
rivatives each year. All of these are then refined to generate refined 
commodities such as diesel, gasoline, petrol, and lubricants [2].

Increased oil exploration and exploitation prospecting in Rivers 
state of Niger Delta region, Nigeria has resulted in a hitherto un-
seen inadvertent leak of crude oil, contaminating the region’s land  

 
and water sources. Furthermore, illegal tampering with wellheads, 
flow lines, pipelines, manifolds, and flow stations has increased the 
overall volume of crude oil that has entered the environment. Be-
cause of the regular reports of oil spills in the Niger Delta, a practi-
cal technique to clean up crude oil-contaminated land is necessary. 
When crude oil is spilled on land, it affects the physicochemical 
properties of the soil, such as its temperature, structure, nutrient 
status, and pH (Udeh et al., 2013).

The issue of soil and water contamination by crude petroleum 
and refinery products has been on the rise in Nigeria as oil mining 
and refining activities have increased [3]. Oil-producing areas of Ni-
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geria are particularly affected by this problem, which results in a 
loss of soil fertility and crop death. Clean-ups of contaminated sites 
due to crude oil spills are a widespread environmental problem [4].

Reis (1996) identifies three primary sources of petroleum con-
tamination: the disposal of oil-based waste, blowouts of wells, and 
ruptures of pipelines. In the presence of crude oil spills, plants are 
adversely affected since essential nutrients like nitrogen and oxy-
gen are unavailable to them. There has been evidence that oil con-
tamination slows down plant germination. As reported by Adam 
and Duncan [5], this effect is probably due to the oil serving as a 
barrier preventing seeds from gaining access to water and oxygen.

Three types of soil remediation techniques are frequently dis-
tinguished: chemical, physical, and biological. To break down con-
taminants, physical methods apply heat, washing agents, and air, 
whereas chemical methods use oxidizing or reducing agents [6]. 
The biological treatment makes use of bacteria present in the soil 
or attached to the roots of plants as well as specific strains of bacte-
ria introduced into the soil to break down the contaminants. Phys-
ical and chemical methods are fast but can be intrusive, resulting 
in changes in soil properties. The biological method though com-
paratively slower, does not alter the soil properties and produce 
harmful intermediates as with physical and chemical remediation 
[6]. Bioremediation, mainly phytoremediation has been gathering 
attention because it is inexpensive and uncomplicated in the ap-
plication. Plants have been shown to mineralize heavy metals and 
decompose petroleum hydrocarbons via their profuse root system. 
The mechanisms involved in phytoremediation typically comprise 
of phytoextraction, phytodegradation, phytovolatilization, phyto-
stabilization, and rhizodegradation [7]. Phytoremediation is an 
in-situ soil treatment that reduces contaminants as plants grow. 
The selection of plant species capable of surviving in and remediat-
ing soil contaminated with target contaminants is crucial [8].

The contaminated sites should have plants appropriate for the 
climate and soil conditions for phytoremediation (Pivet, 2001). Ad-
ditionally, plants should be able to tolerate stress conditions [9]. 
Grass, legumes, trees, as well as a number of other monocots and 
dicots, have all been utilized as phytoremediation drivers [9]. In 
Nigeria, efforts have been undertaken to employ various plants to 
clean up oil pollution [10-12].

The bio-concentration and translocation factors are typically 
used to assess the phytoremediation potential of any plant species 
to remove pollutants from the soil (Eisazadeh et al. 2018; Khalid et 
al., 2018 and Cano-Ruiz et al., 2020). The bio-concentration factor 
illustrates the relationship between the linked plant species and 
the contaminants in the soil (BCF). By comparing the concentra-
tion of contaminants in plant shoots and roots to those in the soil, 
respectively, BCF calculates the chance of a plant acquiring metals 
in its shoots and roots at a certain level of metal contamination (Mc-
Grath and Zhao 2003; Zhen et al. 2017).

Ficus benjamina (The weeping fig,) is a member of the Mora-
ceae family and is a native to Asia and Australia. It is a well-known 
decorative plant that thrives in moderate temperatures but can en-
dure both low and hot temperatures [13] sold as houseplants, gen-

erating financial gains and reducing the cost of eventual disposal 
significantly [14].

 Ficus benjamina used in this study has the advantages of high 
biomass, deep roots, easy cultivation, fierce competition and broad 
geographic dispersion. The impact of crude oil on the potential Fi-
cus benjamina for phytoremediation, however, has not been shown 
in any prior studies. Therefore, the goal of this study is to assess the 
bioconcentration and translocation factor as well as its’ capacity to 
biodegrade soil contaminated with crude oil.

Materials and Methods
Soil preparation and pot experiments

Surface soil samples were collected with the aid of a soil au-
ger at a depth of 0-30cm behind the Department of Crop and Soil 
Science Building, University of Port Harcourt (latitude 4°.91cN and 
Longitude 6°.92cE), Rivers state, Nigeria. The crude oil was sourced 
from the Nigeria National Petroleum Corporation (NNPC), Eleme, 
Rivers State, Nigeria. 8kg of Soil was weighed with an analytical 
weighing balance. The soil samples were contaminated with differ-
ent levels of crude oil. 0% (control), 2% (160ml), 4% (320ml), and 
6% (420ml) of crude oil respectively on a volume per weight.

 The experiment consists of four treatments [0% (control), 
2% (160ml), 4% (320ml), and 6% (420ml) of crude oil] replicated 
three times in a complete randomized design. The contaminated 
soils were allowed to stay for two weeks before planting. This is 
to allow the volatile components of hydrocarbon to be volatilized, 
and the experiment lasted for three months under a screen house 
condition.

Collection and preparation of soil samples for laboratory 
analysis

After 3 months of planting, the plant tissues/root, stem and 
shoot at the soil surface were collected and washed under running 
tap water and air-dried. The plants’ parts were partitioned into 
shoots and root systems and oven-dried.  The soil samples were 
collected from each pot and air-dried at room temperature before 
being taken to the laboratory for chemical analysis. The following 
physical and chemical properties of the soil were analyzed before 
and after treatments. Total Organic Carbon (TOC), Total Petroleum 
Hydrocarbon (TPH), Lead (Pb), Cadmium (Cd), and Nickel (Ni) in 
the soil and plants were analyzed.

The total organic carbon was evaluated using was evaluated us-
ing oxidation by the dichromate digestion method [4], pH was mea-
sured in 1:1 soil/water ratio using pH meter with glass electrode 
[16], the heavy metals ( Pb, Cd and Ni) both in the soil and plant 
tissues were analysed according to the method described  by [17].

Determination of total petroleum hydrocarbon in soil 

The soil samples were air-dried and sieved through 1mm mesh, 
the TPH in the soil was first extracted with the n-hexane by shaking 
with a mechanical shaker for 30 minutes as was described by Okolo 
et al (2005). The soil crude oil-n-hexane mixture was filtered into a 
beaker of known weight through a Whatman No. 1 filter paper. The 
TPH content of the filtrate was determined after heating the beaker 
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at 40oC to a constant weight [18]. The amount of TPH lost from the 
soil was determined after as the initial amount of TPH in the soil 
minus that in the soil at the time of analysis. The total Petroleum 
Loss as calculated using the formula below 

100Initial FinalTPH
Initial

−
= ×

Translocation factor

The Translocation Factor is also called shoot root quotient. It 
explains the ability of the plants to translocate the metal from the 
roots through shoots and leaves of a plant which is primarily re-
sponsible for phytoextraction. It is determined by calculating the 
ratio of elements present in the plants shoot compared to that in 
the plant’s roots. (Qihang et al., 2011). The translocation factor (TF) 
evaluates plants ability to translocate heavy metals from the roots 
to the harvestable aerial part [19], value of TF > 1 indicates that the 
plant translocate metals effectively from the root to the shoot. The 
Translocation factor can be calculated using the formula below.

 .   
 .   

Metal Conc in the shootTF
Metal Conc in the root

=

Bioconcentration factor

The Bioconcentration Factor (BCF) was determined through 
the ratio of concentration of metal in the roots to that in the soil. 

BCF was used to estimate the plant ability to accumulate metal in 
the roots as to determine the potentials of the ornamental plants 
for phytoremediation (Yoon et al., 2006). The Bioconcentration fac-
tor can be calculated using the formula below.

 .   
 .   

Metal Conc in the rootBCF
Metal Conc in the soil

=

Statistical analysis

The data generated were subjected to analysis of variance us-
ing the Genstat 19th Edition to generate the treatment means by the 
Fisher’s LSD (Least significant difference) test at 5% probability.

Results and Discussion

Selected Heavy metals, TOC and TPH Before planting

The concentration of heavy metals in the soil varied from 3.44 
to 141.74 mg/kg for Ni, 77.196 to 214.28 mg/kg for Pb, 23.01 to 
95.81 mg/kg for Cd, 1.5 to 6.4 mg/kg for TOC, and 0.02 - 867.30 
mg/kg for TPH, respectively (Table 1). It was discovered that the 
high levels of cadmium in the control soil could have been caused 
by erosion, anthropogenic activities like the application of fertiliz-
ers (single superphosphate fertilizer), and construction activities 
near the study area. It was also discovered that the concentration of 
the heavy metals, TOC, and TPH increased with an increase in the 
amount of crude oil before planting, the WHO (1996) stated that 
the lead and nickel levels in the control soils were within permitted 
levels.

Table 1: Soil chemical parameters before planting.

Level of Pollution 
Ni Pb Cd TPH TOC

       Mg/kg     %

0% 3.44 77.2 23.01 0.02 1.5

2% 62 145.94 34.72 374.56 2.7

4% 100.24 172.86 52.47 683.82 4.5

6% 141.74 214.28 95.81 867.3 6.4

TOC; Total Organic Carbon, TPH; Total Petroleum Hydrocarbon. Cd; Cadmium, Ni; Nickel, Pb; Lead.

Influence of Crude Oil on Selected Heavy Metals, TOC 
after planting

The concentrations of cadmium, nickel and lead were signifi-
cantly (p<0.05) decreased in all the crude oil contaminated soils by 
Ficus benjamina. The lowest concentration varied from 1.20 mg/
kg for Cd and 0.43 mg/kg for Ni at 4% crude oil respectively. The 
lowest lead concentration was recorded at 2% crude oil.  The pH 

of the soil ranged from 5.69 (control) to 6.29 at 6% contaminated, 
and it dropped as the level of crude oil increased, proving that more 
crude oil tends to cause soil pH to drop. However, there is a positive 
link between crude oil level and soil pH and it has been reported 
that raising the level of crude oil in the soil causes an increase in 
soil pH [12]. The pH was thought to be decreased by organic acid 
produced by the degradation of crude oil during phytoremediation 
[18] (Table 2).

Table 2: Effects of crude oil on Cd, Ni, Pb, TOC and pH in soil after the experiment.

Crude Oil Cd(mg/kg) Ni(mg/kg) Pb (mg/kg) TOC (%) pH

T1(0%) 22.9 3.22 77 1.47 5.69

T2(2%) 2.13 0.45 22.5 2.65 6.11
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T3(4%) 1.2 0.43 25.6 4.47 6.29

T4(6%) 2.25 0.56 26.6 6.36 6.23

lsd(p<0.05) 2.96 0.83 12.3 0.04 0.25

Cd; Cadmium, Ni; Nickel, Ni; Nickel, Pb; Lead, TOC; total organic carbon, T1; control, T2; 2% crude oil; T3; 4% crude oil and T4; 6% crude oil.

With increasing levels of crude oil pollution, the total organic 
carbon content of the soil increased significantly (p <0.05) and var-
ied from 1.47 in control(0%) to 6.36 at 6% level of contamination.

Influence of Crude oil on Concentration of some selected 
heavy metals in plant tissue

Plants cultivated in soils rich in metals absorb metal ions to 
variable degrees. The availability of metals, which is controlled 
by both soil-associated and plant-associated variables, is a signif-
icant role in how readily plants absorb metals. Poor relationships 
between metal concentrations and plant metal uptake have been 
found in the majority of earlier research [11].

With increasing levels of crude oil contamination, Cd, Ni, and 
Pb content reduced significantly (p<0.05) in root and shoot sys-
tems. For both the root and the shoot, the three heavy metal con-
centrations were found to be at their greatest levels at 2% crude 
oil contaminate (Table 3). The shoot Cd, Ni, and Pb contents varied 
from 0.60 to 11.81, 66.2 to 153, and 91.6 to 192.7, respectively, with 
the control having the lowest 0% and 6% levels crude oil, but the 
root Cd, Ni, and Pb ranged from 0.43 to 7.3, 31.7 to 211.8, and 79.4 
to 164.2, respectively. The Cd and Pb contents were higher in the 
shoot than root in plants grown on soil contaminated with different 
levels of crude oil, but the Ni content of the root was higher than in 
the shoot. However, there was no significant difference in Ni con-
tent in the plant’s shoot.

Table 3: Concentration of Cd, Ni, and Pb in Ficus benjamina. at different percentages of crude oil.

Crude Oil Cd(mg/kg) Ni(mg/kg) Root Pb(mg/kg) Cd(mg/kg) Ni(mg/kg) Shoot Pb(mg/kg)

T1(0%) 7.3 211.8 164.2 11.81 153 192.7

T2(2%) 5.02 188.9 158.1 7.14 121.3 168.4

T3(4%) 1.34 181.2 140.7 1.99 110.2 158.1

T4(6%) 0.43 31.7 79.4 0.6 66.2 91.6

lsd(p<0.05) 2.46 17.36 38.58 2.08 NS 36.16

Cd; Cadmium, Ni; Nickel, Ni; Nickel, Pb; Lead, TOC; total organic carbon, T1; control, T2; 2% crude oil; T3; 4% crude oil and T4; 6% crude oil.

Mechanistic insights into tolerance and toxicity are provided 
by the accumulation of Cd, Ni, and Pb in root and shoot systems 
[20]. The distribution of Ni in the roots and shoots indicates that 
Ni accumulates mainly in the roots while Cd and Pb accumulate in 
the shoots. It is similar to Yaping et al., (2019) who found that root 
accounts for more than 70% of Ni in Althaea rosea Cavan roots. 

Because of the interactive role that the root system plays between 
environmental pollutants and plants, the majority of heavy metals 
that enter the plant are first retained in the root cells, greatly reduc-
ing the displacement of the organ to the ground and shielding the 
leaf tissue from damage from heavy metals (Tauqeer et al. 2016) 
(Table 4).

Table 4: Biomass, Translocation factor, and   Bioconcentration factor of Ficus benjamina.

Crude Oil R.DMW(g/plant) S.DMW(g/plant) Cd.TF Ni.TF Pb.TF Cd.BCF Ni.BCF Pb.BCF

T1(0%) 6.7 5.4 7.3 211.8 164.2 0.3 66 2.1

T2(2%) 5.7 4.3 5 188.9 158.1 20.8 967 8.5

T3(4%) 3.4 2.3 1.3 181.2 140.1 9 943 5.2

T4(6%) 3.4 2.4 0.4 31.7 79.4 0.8 115 3.2

lsd(p<0.05) 2.2 1.8 2.5 17.36 38.6 NS NS NS

DMWR; root dry matter weight, SDMW; shoot dry matter weight, Cd.TF; cadmium translocation factor, Ni.TF; nickel translocation factor,Pb.TF; lead 
translocation factor, CdBCF; cadmium bioconcentration factor, Ni.BCF; nickel bioconcentration factor, Pb.BCF; lead bioconcentration factor T1; con-
trol, T2; 2% crude oil; T3; 4% crude oil and T4; 6% crude  oil contamination.

When plants are exposed to heavy metals at excessive concen-
trations, several of the plant’s metabolic processes suffer severe 
damage, eventually leading to the plant’s death. According to Gadd 
[21], excessive metal exposure inhibits physiologically critical en-

zymes, deactivates photosystems, and harms mineral metabolism 
[22]. As previously stated, a high removal rate of harmful heavy 
metals is heavily dependent on the biomass of the plant used in the 
phytoremediation process.

http://dx.doi.org/10.33552/WJASS.2023.08.000693


Citation: ME Ikiriko* and JA Chukwumati. Phytoremediation Potential of Ficus benjamina on Soils Contaminated with Crude Oil in 
Rivers State, South-South Nigeria. World J Agri & Soil Sci. 8(4): 2023. WJASS.MS.ID.000693. DOI: 10.33552/WJASS.2023.08.000693.

Page 5 of 6

World Journal of Agriculture and Soil Science                                                                                                                     Volume 8-Issue 4

Plants appeared healthy in the control and soil contaminated 
with a low percentage of crude oil in this experiment, however, 
plants growing in soils with higher quantities of crude oil displayed 
yellowing to browning of the leaves and stunted growth. There were 
also greater changes in shoot  and root biomass between the same 
plant growing on soil contaminated with varying amounts of crude 

oil (Table 4). Crude oil was more effective in reducing plant bio-
mass of growing plants when compared to the same plants grown 
on control and 2% crude oil. The dry weights of the plant were re-
duced by 49.7 % in the root and by 55.9 % in the shoot when culti-
vated on soil laced with 6% crude oil (Table 4).

Table 5: Total petroleum hydrocarbon and total petroleum hydrocarbon loss from the soil.

Crude Oil TPH (mg/kg) TPHL (%)

T1(0%) 20 2.71

T2(2%) 48 0.87

T3(4%) 51 0.93

T4(6%) 114 0.87

lsd(p<0.05) 12.21 0.03

LSD; least significant difference, T1; control, T2; 2% crude oil; T3; 4% crude oil and T4; 6% crude oil, TPH; total petroleum hydrocarbon and TPHL; total 
petroleum hydrocarbon loss.

The Ficus benjamina development and metabolism were influ-
enced variably by increased percent crude oil stress, which resulted 
in stunted growth, lower biomass output, and created recognizable 
visual symptoms comparable to those documented by previous 
workers in different plant species (Zhou and Qiu, 2005; Gajewska 
and Sklodowska, 2007). A considerable increase in crude oil levels 
in plant tissue supports these findings. The observed decrease in 
dry matter production due to metal stress is consistent with previ-
ous findings in other plants (Pandey and Pathak, 2006; Ryser and 
Sauder, 2006) [23,24].

Translocation and bioconcentration parameters are employed 
to evaluate plant phytoremediation capacity, according to Wei and 
Zhou (2004). The use of bioaccumulation and translocation factors 
has proven to be useful methods for determining plant metal up-
take capabilities. The translocation factor (TF) values for Cd, Ni, 
and Pb ranged from 7.3 to 0.4, 211.8 to 31.7, and 164.2 to 79.4 cor-
respondingly, with the TF decreasing significantly (p<0.05) as the 
quantity of crude oil in the soil increased. Although the TF value 
for Cd at 6% crude oil was less than one, it was the lowest of the 
three heavy metals (Table 4). The bioconcentration factors (BCF) 
for Cd, Ni, and Pb varied from 20 to 0.3, 967 to 66, and 8.5 to 2.1, 
respectively [25].

Except for Cd at 6% crude oil, both the BCF and TF values are 
larger than 1; the elevated BCF and TF could be related to Cd, Ni, 
and Pb mobility in the soil, which implies they are less absorbed 
by the soil and hence more freely available to plants (Kashem et al. 
2007). Pollutant uptake is also influenced by environmental factors, 
pollutant chemical properties, soil conditions, and plant type (No-
man and Aqeel, 2017). The low Cd BCF could be attributed to Ficus 
benjamina’s restricted ability to deposit Cd metal under current en-
vironmental conditions. According to Yoon et al., plants having BCF 
values greater than one is optimal for phytoextraction (2006).

Crude oil pollution is becoming more of a problem, affecting 
several oil-producing countries, most notably Nigeria. Crude oil 
contamination has harmed plants and the environment (Odukayo 

et al., 2019). Although crude oil is mostly made up of aliphatic and 
aromatic molecules, it also contains trace elements like nickel, 
iron, and aluminium, as well as heavy metals like lead, cadmium, 
and chromium (Wilberforce, 2016) [26]. Each treatment’s start-
ing TPHL level was greater than the end TPHL level (p0.05). The 
TPH loss decreased as crude oil added to the soil rose. According 
to research, plants use many ways to improve crude oil remedia-
tion, including degradation, rhizospheric action, containment, and 
transfer of volatile components. Ficus benjamina’s possible method 
for enhancing TPH removal from the soil in this study could be one 
or a mixture of both.

Conclusion

This study aimed to evaluate the phytoremediation potential of 
ficus benjamina on crude oil-contaminated soil. The results showed 
that total petroleum hydrocarbon was successfully degraded to 
0.87 % at 6% crude oil contamination. The phytoremediation po-
tential parameters (BCF and TF) were all greater than one except 
for Cd at 6% crude oil contamination. There are few research and 
publications on Ficus benjamina’s bioaccumulation, phytoreme-
diation capabilities, and heavy metal uptake capacity. As a result, 
this study may serve as a foundation for future research to increase 
the plant’s efficiency and capability in the heavy metal buildup and 
crude oil remediation.
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