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ABSTRACT
Background and Objective: Environmental pollution resulting from oil spills during exploration and
exploitation of petroleum resources in the Niger Delta Region is a major challenge in the development
of the region. An investigation on the remediation potential of Andropogon tectorum in crude oil 
polluted soil amended with urea was conducted on a crude oil impacted farmland at Botem Tai. 
Materials and Methods: A Latin Square Design (LSD) was used for the experiment and the treatments
were: P1(Phytoremediation soil without amendment), P2 (Phytoremediation soil with 20 g Urea
amendment), P3 (Phytoremediation soil with 40 g Urea amendment) and P (Polluted soil without
phytoremediation and amendment) which served as the control. Results: The result showed that
Andropogon tectorum was tolerant to and had the potential for phytoremediation of crude oil polluted
soil. The addition of urea significantly improved the potential of Andropogon tectorum as higher reductions
in TPH (56.93 and 92.66%) and THC (76.52 and 95.81%) were obtained in phytoremediation soil amended
with 40  and  20 g  urea  at  2  and  4  months,  respectively  as  compared  to  TPH (1.34 and 14.76%)  and
THC  (24.75 and 32.90%)  recorded  in  the  control  (P).  Results  also  showed  that  urea  amendment 
increased the uptake and accumulation of hydrocarbon in Andropogon tectorum with the highest
accumulation of TPH (1.79±0.01 and 2.68±0.02 mg kgG1) and THC (4.45±0.56 and 26.97±4.11 mg kgG1)
in treatment with 40 g urea amendment. Conclusion: Andropogon tectorum amended with 20 g urea
increased hydrocarbon reduction rate in crude oil polluted soil; showing its great potential in remediating
crude oil polluted soil. 
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INTRODUCTION
Oil spills on Niger Delta lands have been extensive and are no longer new to the inhabitant of the area1

hence, environmental pollution majorly resulting from the oil spills caused by crude oil exploration and
exploitation2 activities predominant in the area3 is a common challenge of development in the region4,5. 
The unrefined petroleum resource contains contaminants such as hydrocarbon and other organic
materials capable of altering the composition of the receiving media (air, soil and water).

These spills in the area have hindered agricultural and other activities as well as lively-hood in the affected
environment6  due  to  the  negative  impacts7  on  the  soil  and  subsequent  decrease  in  soil  organic 
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matter making soil conditions unfavourable for plant growth for several months and even years. This soil
degradation eventually leads to food scarcity, hunger and several civil unrests recorded in the Niger Delta
Region of Nigeria8.

The aforesaid consequences of the oil spill need to be remedied. Remediation is described as the
management of contaminants at the site to avert, lessen or reduce harm to human health and the
environment. Remediation could be done ex-situ or in-situ (on-site). Some remediation techniques include
soil  washing  with  chemical  agents9,10,  immobilization  or  stabilization  of  contaminants  by  addition 
of non-toxic material into the soil11, dilution method involving the mixing of the polluted soil surface with
clean soil surface and phytoremediation. 

Phytoremediation is the use of plants usually in association with microorganisms to remove, degrade and
immobilize contaminants in soil12,13 and its efficacy is promising in the tropic due to the favourable climatic
conditions prevalent in the area. Several plants have been found with the potential of remediating
petroleum polluted sites. For instance, Chromolaena odorata had been reported for its potential for
phytoremediation14. The purpose of this study is to evaluate the phytoremediation potential of
Andropogon tectorum in crude oil polluted soil with or without urea amendment.

MATERIALS AND METHODS
Study area: The study was carried out on a crude oil polluted farmland at Botem in Tai Local Government
Area, Rivers State, Nigeria. The study was carried out in the year 2018 from April to August. The polluted
site  was  an  the  abandoned  crude  oil  impacted  site  which  lies  at  the   intersection  4°43'32.7828"N,
7°16'3.8028"E.

Mapping of experimental plots and design: The study was conducted on a 14×10 m polluted site which
was mapped out using a Latin square design. The site was subdivided into 16 sub-plots of 2×2 m each
with an interval of 1m between them. A heap was used to demarcate the plots to prevent the exchange
of materials between plots. Thus the experiment was made up of 4 treatments and each was replicated
4 times. The treatments were shown in Table 1:

P = Polluted soil without phytoremediation and amendment 
P1 = Phytoremediation soil without amendment
P2 = Phytoremediation soil with 20 g urea amendment
P3 = Phytoremediation soil with 40 g urea amendment

Table 1: Experimental layout
P1 P2 P3 P
Phytoremediation soil Phytoremediation soil with Phytoremediation soil with Polluted soil without
without amendment 20 g urea amendment 40 g urea amendment phytoremediation and

amendment
P2 P3 P P1
Phytoremediation soil with Phytoremediation soil with Polluted soil without Phytoremediation soil
20 g urea amendment 40 g urea amendment phytoremediation and without amendment

amendment
P3 P P1 P2
Phytoremediated soil with Polluted soil without Phytoremediation soil Phytoremediation soil with
40 g urea amendment phytoremediation and without amendment 20 g urea amendment

amendment
P P1 P2 P3
Polluted soil without Phytoremediation soil Phytoremediation soil with Phytoremediation soil with
phytoremediation and without amendment 20 g urea amendment 40 g urea amendment
amendment
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Addition of urea: The 20 and 40 g mG1 of urea equivalent to 200,000 and 400,000 kg haG1, respectively
were dissolved in distilled water and applied on the soil surface of treatment plots P2 and P3, respectively.
This was allowed for a month before planting the phytoremediation plant.

Planting: Young seedlings of Andropogon tectorum of the same age and size were collected from the wild
and  planted  on  treatment  plots  P1, P2 and P3,  while  plots  P  were  left  untouched.  A  minimum  of
30 seedlings were planted per plot. The plants were allowed to grow and collected afterwards for analysis
at two and four months after planting.

Sample analysis: Soil samples were collected from each plot (P, P1, P2 and P3) within a depth of 0-15 cm
using a soil auger. The soil samples from the same plots were mixed to give a composite sample, each
sample was put in a polythene bag, labelled according to the plots and taken to the laboratory for
analysis. This analysis was done before treatment (at 0 months). Subsequently, at 2 and 4 months after
treatment, plant samples and soil samples around the root zone of the plant in the treatment plots (P1,
P2 and P3) were collected. Soil samples were also collected from the untouched subplots (P) and the
analysis carried out in the laboratory on soil samples were: pH, conductivity, moisture content. Nitrogen,
total organic carbon, total organic matter, potassium and phosphorus. Hydrocarbon analysis was also
done on soil and plant samples. Soil pH and conductivity were determined using an electrode pH meter
(PHS. 25 Model) and conductivity meter (Lab-tech Model), respectively.

The air oven method  used by O’Kelly15 was used to determine soil moisture content where the weighed
soil samples were dried in Gallenkamp air oven at a stable temperature of 105°C for 6 hrs, reweighed,
recorded and subsequently calculated using the formula:

  Fresh weight of sample-Dry weight of sampleMoisture % 100Fresh weight of sample  

Where: 
Fresh weight of sample = Weight of flask with moist sample
Dry weight of sample = Weight of flask after drying minus weight of the empty flask

Gas Chromatography/Mass Spectrometry (GC/MS) method cited by Faustorilla et al.16 was used to
determine total petroleum hydrocarbon in soil and plant samples while the API-RP45 Colorimetric method
used by Jude et al.17 was used to determine the Total Hydrocarbon Content (THC) of soil and plant
samples. Walkley-Black method cited by Tanee and Jude14 was used to determine total organic carbon
and Potassium in soil. Total organic matter in soil was calculated using the formula by Osuji et al18. To
determine nitrogen in the soil the regular Kjeldahl Method outlined by Jude and Tanee19 was used.
Phosphorus was determined using Bray-No. I method cited by Tanee and Jude14. Means and standard
error means were calculated from the data generated and were further analysed statistically using a Two-
way Analysis of Variance (ANOVA). The Least Significant Difference (LSD) was determined using the 2018
version of the Duncan Multiple Range Test and results were presented as Mean±Standard Error (SE) using
histograms and a table.

RESULTS
Figure 1 and 2 show the effect of phytoremediation treatment on Total Petroleum Hydrocarbon (TPH) and
Total Hydrocarbon Content (THC) of soil. The result showed significant reductions in TPH and THC of soil
in all phytoremediation treatments (either with an amendment or without amendment) than the control,
P (polluted soil without plant and amendment) at p = 0.05. However, the highest percentage of TPH
(512.49 mg kgG1)  and  THC  (687.15 mg kgG1)  reductions  were  recorded  in  phytoremediation  soil  with 
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Fig. 1: Effect of treatments on total petroleum hydrocarbon in soil 
P:   Polluted   soil   without   phytoremediation   and   amendment,   P1:   Phytoremediation   soil   without   amendment,
P2: Phytoremediation soil with 20 g urea amendment, P3: Phytoremediation soil with 40 g urea amendment and bars with
different alphabets showed a significant difference between treatments

Fig. 2: Effect of treatments on total hydrocarbon content of soil
P:   Polluted   soil   without   phytoremediation   and   amendment,   P1:   Phytoremediation   soil   without   amendment,
P2: Phytoremediation soil with 20 g urea amendment, P3: Phytoremediation soil with 40 g urea amendment and bars with
different alphabets showed a significant difference between treatments

40  g  urea  amendment  (P3)  at  2  months  while  the  control  (P)  had  the  least  percentage  reduction
(1173.99 and 2202 mg kgG1) of TPH and THC respectively. At 4 months, phytoremediation soil with 20 g
urea amendment (P2) recorded the highest percentage of TPH (87.32 mg kgG1) and THC (122.55 mg kgG1)
reductions while the least percentage reductions in TPH (1014.37 mg kgG1) and THC (1963.67 mg kgG1)
was obtained in the control (polluted soil without plant and amendment). 

Figure 3 and 4 below showed results for pH and conductivity of soil in the different treatments. An
increase  in soil  pH  was  observed  in  all  the  treatments  at  the  end  of  the  study  (4  months)  as 
compared  to  the  pH  value  obtained  initially  (0  months).  Generally,  there  was  a  decrease  in  soil
acidity  in  all  the  treatments.  However, the highest increase in soil pH (5.85) was recorded in treatment
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Fig. 3: Effects of treatments on soil pH
P:   Polluted   soil   without   phytoremediation   and   amendment,   P1:   Phytoremediation   soil   without   amendment,
P2: Phytoremediation soil with 20 g urea amendment, P3: Phytoremediation soil with 40 g urea amendment and bars with
different alphabets showed a significant difference between treatments

Fig. 4: Effects of treatments on soil conductivity
P:   Polluted   soil   without   phytoremediation   and   amendment,   P1:   Phytoremediation   soil   without   amendment,
P2: Phytoremediation soil with 20 g urea amendment, P3: Phytoremediation soil with 40 g urea amendment and bars with
different alphabets showed a significant difference between treatments

P3 (phytoremediation soil with 40 g urea amendment) and the lowest (5.02) was obtained in P (polluted
soil without plant and amendment) at 4 months. There was a significant difference (p = 0.05) in soil pH
of treatment P3 and other treatments at 4 months.

Results for soil conductivity showed that there was a significant difference in soil conductivity of treatment
P3 and other treatments at both 2 and 4 months (p = 0.05). A decrease in conductivity was observed in
the treatments: P1 (phytoremediation soil without amendment), P2 (phytoremediation soil with 20 g urea
amendment)  and  the  control,  P  (Polluted  soil  without  plant  and  amendment)  except  in  treatment
P3  (phytoremediation  soil  with  40 g  urea  amendment)  where  conductivity  increased  at  2  months.
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Fig. 5: Effect of treatments on soil moisture content
P:   Polluted   soil   without   phytoremediation   and   amendment,   P1:   Phytoremediation   soil   without   amendment,
P2: Phytoremediation soil with 20 g urea amendment, P3: Phytoremediation soil with 40 g urea amendment and bars with
different alphabets showed a significant difference between treatments

At 4 months, an increase in soil conductivity was observed in all treatments except in treatment P3 where
a decrease was observed.  However, the highest (50.40 µs cmG1)   and lowest (7.37 µs cmG1) conductivity
of   soil   was   obtained   in   treatment   P3  (phytoremediation  soil  with  40  g  urea  amendment)  and
P1 (phytoremediation soil without amendment), respectively at 2 months.  The  reverse  was  the  case 
at 4 months with treatment P1 (phytoremediation soil without amendment) having the highest soil
conductivity (16.20 µs cmG1) and the lowest (5.87 µs cmG1) in P3 (phytoremediation soil with 40 g urea
amendment).

The effect of the different treatments on soil Moisture Content (MC) is presented in Fig. 5.  An increase
in moisture content of soil (37.89 and 17.02%) was recorded in all phytoremediation soil with urea
amendment (that is, treatment P2 and P3) respectively while the decrease in soil Moisture Content (MC)
was  observed  in  phytoremediation  soil  without  amendment (P1)  and  the  control  (P)  at  2  months. 
At 4 months, a decrease in MC of soil was obtained in the phytoremediation soil with urea amendments
(P2 and P3) while increases were recorded in phytoremediation soil without amendment (treatment P1)
and the control (P) compared to that of 2 months. However, the highest soil moisture (37.89%) was
recorded in P2 (phytoremediation soil with 20 g urea amendment) while the lowest (5.49%) was obtained
in the control (P) at 2 months. 

There  was  a  significant  difference  in  total  nitrogen  of  soil  of  treatment  P3  and  other  treatments
at 4 months at p = 0.05 in Fig. 6. The highest nitrogen content of soil (3.3483%) was obtained through
treatment P3 (phytoremediation soil with 40 g urea amendment) and the lowest in P (polluted soil without
plant and amendment) soil the termination of the study (4 months).

Total Organic Matter (TOM) in Fig. 7 and Total Organic Carbon (TOC) in Fig. 8 increased in
phytoremediation soil with an amendment; P3 at 2 months and P2 at 4 months compared to 0 months
respectively. The highest total organic matter (4.3027%) and total organic carbon (2.4957%) were recorded
in treatment P3 (phytoremediation soil with 40 g urea amendment) while the control (P) recorded the
lowest TOM and TOC values (2.6170 and 1.5213%), respectively at 2 months. At 4 months, the highest
TOM (3.6313%) and TOC (2.1057%) were obtained in treatment P2 (phytoremediation soil with 20 g urea
amendment) and the lowest TOM (1.4597%) and TOC (1.5207%) was obtained in the control (P).

Figure 9 and 10 show the result for potassium and phosphorus in soil obtained in the different treatments.
There was an increase in potassium in all treatments except in treatment P3 (phytoremediation soil with
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Fig. 6: Effect of treatments on total nitrogen of soil 
P:   Polluted   soil   without   phytoremediation   and   amendment,   P1:   Phytoremediation   soil   without   amendment,
P2: Phytoremediation soil with 20 g urea amendment, P3: Phytoremediation soil with 40 g urea amendment and bars with
different alphabets showed a significant difference between treatments

Fig. 7: Effect of treatments  on total organic matter in soil
P:   Polluted   soil   without   phytoremediation   and   amendment,   P1:   Phytoremediation   soil   without   amendment,
P2: Phytoremediation soil with 20 g urea amendment, P3: Phytoremediation soil with 40 g urea amendment and bars with
different alphabets showed a significant difference between treatments

40 g urea amendment) at 2 months (Fig. 9). At 4 months, increased potassium in soil was obtained in
treatments P1 and P3 while treatments P2 and P recorded a decrease in potassium of soil as compared
to the result obtained at 2 months. The highest increase in potassium (37.6567%) in soil was recorded in
the control (P) at 2 months. However, at 4 months, the highest potassium (42.0800%) in soil was obtained
in phytoremediation soil without amendment (P1). The lowest potassium content (26.6367  and 26.1133%)
was obtained in treatment P3 and P2 at 2 and 4 months respectively. There was a significant difference
(p = 0.05) between potassium in soil obtained in treatment P1 and other treatments at the end of the
study (4 months). 

Phosphorus in soil increased in all the treatments with the control (P) having the highest phosphorus value
(0.6867%) and the lowest (0.2867%) in phytoremediation soil with 40 g urea amendment (P3) at 2 months.
There was a significant difference between increased phosphorus in the control (P) and other treatments
p = 0.05. At 4 months, a decrease in phosphorus was observed in all treatments compared to the result
obtained at 2 months.
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Fig. 8: Effect of treatments on total organic carbon in soil
P:   Polluted   soil   without   phytoremediation   and   amendment,   P1:   Phytoremediation   soil   without   amendment,
P2: Phytoremediation soil with 20 g urea amendment, P3: Phytoremediation soil with 40 g urea amendment and bars with
different alphabets showed a significant difference between treatments

Fig. 9 : Effect of treatment on potassium in soil
P:   Polluted   soil   without   phytoremediation   and   amendment,   P1:   Phytoremediation   soil   without   amendment,
P2: Phytoremediation soil with 20 g urea amendment, P3: Phytoremediation soil with 40 g urea amendment and bars with
different alphabets showed a significant difference between treatments

Table 2: Hydrocarbon accumulation in plant
TPH in plant (mg/kg) THC in plant (mg/kg)

--------------------------------------------- ---------------------------------------------------
Treatments 2 months 4 months 2 months 4 months
P1 0.56±0.05a 0.97±0.03ab 1.72±0.16c 2.58±0.11d

P2 0.55±0.01a 0.57±0.02a 1.29±0.29a 1.56±0.45b

P3 1.79±0.01c 2.68±0.02d 4.45±0.56e 26.97±4.11f

P1: Phytoremediated soil without amendment, P2: Phytoremediated soil with 20 g urea amendment, P3: Phytoremediated soil with
40 g urea amendment and values with different alphabets shows significant difference between treatments

Table 2 shows Total Petroleum Hydrocarbon (TPH) and Total Hydrocarbon Content (THC) in the
phytoremediation plant. The result showed uptake and accumulation of hydrocarbon in the plant
(Andropogon tectorum) in all treatments. However, the highest accumulation of TPH (1.79±0.01c and
2.68±0.02d) and THC (4.45±0.56e and 26.97±4.11f) were recorded in treatment P3 (phytoremediation soil
with 40 g urea amendment) at 2 and 4 months, respectively.
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Fig. 10: Effect of treatment on soil phosphorus
P:   Polluted   soil   without   phytoremediation   and   amendment,   P1:   Phytoremediation   soil   without   amendment,
P2: Phytoremediation soil with 20 g urea amendment, P3: Phytoremediation soil with 40 g urea amendment and bars with
different alphabets showed a significant difference between treatments

DISCUSSION
The alteration in soil properties caused by crude oil resulting from its spillage needs to be restored to
avert other environmental and health hazards. Phytoremediation has been evaluated to be an eco-friendly
and efficient method for the remediation of crude oil polluted soil.

Several plants have been reported to have phytoremediation potentials. Al-Buldawi et al.20 reported
phytodegradation of TPH in diesel-contaminated water by Scirpus grossus Also the rate of
phytoremediation of crude oil or other contaminants could be increased with the addition of soil
amendment. It was observed that Andropogon tectorum can photodegrade crude oil contaminants in soil
(with or without urea amendment). 

The significant reduction in Total Petroleum Hydrocarbon (TPH) and Total Hydrocarbon Content (THC)
in Andropogon tectorum phytoremediation soils (either with or without urea amendment) than in the
control justifies the phytodegradation of hydrocarbons in the contaminated soil. The higher reductions
in TPH and THC observed in the phytoremediation soil with urea amendment could be attributed to the
urea amendment. The urea addition might have provided nutrients for the biodegradation of
hydrocarbon.  This is in agreement with the report of Anukwa et al.21 that the addition of fertilizer
enhanced the degradation of TPH. This assertion is justifiable since the rate of degradation was directly
proportional to the amount of urea (amendment) added (that is the higher the amount of fertilizer
applied, the higher the rate of reduction of petroleum hydrocarbon). It is also possible that the plant might
have provided a conducive environment (rhizosphere effect) for the crude oil degrading microorganisms
to function. Soil properties also improved in the treated soils, either with the plant only or with a
combination of plant and urea amendment. The significant increase in soil pH and conductivity observed
in phytoremediation soil with urea amendment is an indication that the addition of urea provided
nutrients in soil used by plants and microbes to degrade the contaminant with a subsequent decrease in
soil acidity (increase in soil pH). A similar increase in soil pH in phytoremediation with urea addition has
been reported by Tanee and Jude14. Atiyeh et al.22 also reported an increase in soil conductivity of crude
oil polluted soil amended with inorganic fertilizer. The activities of soil microorganisms at the root zone
of the plant could have contributed to the degradation of hydrocarbon and subsequent increase in the
amount of water in the soil as observed in the phytoremediation soil with an amendment.  The decrease
in moisture content of the soil in the control could be linked to the impact of crude oil on the soil which
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is in agreement with the result of Ohanmu et al.23 that crude oil in soil alters soil's physical and chemical
properties. The highest total nitrogen of soil recorded in phytoremediation soil with 40 g urea amendment
(P3) may be attributed to the input of nitrogen from the addition of a higher quantity of urea (a single
nutrient fertilizer).  An increase in TOM and TOC phytoremediation amended soil has a link with the
addition of urea in phytoremediation soil as the urea supplied nutrient (nitrogen), a limiting factor in
hydrocarbon biodegradation. This is contrary to the report by Tanee and Jude14 who observed a decrease
in TOM and TOC of crude oil polluted soil phytoremediation soil stimulated with urea but agrees with the
findings of Jude and Tanee19.

The presence of hydrocarbons in plant samples analysed shows the potential of Andropogon tectorum for
petroleum hydrocarbon accumulation in their parts (shoot or root) which is one of the roles of plant in
phytoremediation17. Greater accumulation observed in treatment P3 implies that a higher amount of urea
amendment in soil enhanced uptake and accumulation of hydrocarbon in Andropogon tectorum.  Thus,
it could be deduced that high hydrocarbon accumulation by the plant was dependent on the amount of
urea (amendment) added. Wang et al.24 reported a similar result of enhanced metal uptake by plants with
the addition of an amendment to the soil.   

CONCLUSION
Andropogon tectorum has been proven to have great potential in phytoremediation of crude oil polluted
soil. However, the Addition of urea as a soil amendment in Andropogon tectorum phytoremediation soil
showed a higher reduction in hydrocarbon in soil. This is an indication that phytodegradation of
hydrocarbon by Andropogon tectorum in crude oil polluted soil can be enhanced by the addition of
amendment (urea).  Thus, to speed up phytoremediation of crude oil polluted soil, the use of amendment
which serves as the source of limiting nutrients in the soil is necessary and should be adopted.

SIGNIFICANCE STATEMENT 
This study discovered that the addition of urea as the amendment in Andropogon tectorum
phytoremediation soil facilitates the reduction of hydrocarbon in soil. The urea amendment in soil
enhanced phytodegradation of hydrocarbon by Andropogon tectorum in crude oil polluted soil. Thus a
new theory of the use of a combination remediation approach involving soil amendment with urea and
phytoremediation using Andropogon tectorum can be arrived at.
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