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ABSTRACT: A study was carried out in Rivers State 

University Research Farm, Port Harcourt, to investigate the 

potentials of leaf litters and hydrogen peroxide as bio 

remediating agents on crude oil-polluted soils. The 

experiment was arranged in a randomized complete block 

design with various levels of pollution. The experiment had 

14 treatments and 5 replicates: T1:100ml Crude Oil (CO) + 

100ml Hydrogen peroxide (H2O2), T2:100ml CO + 100g Leaf 

litters (LL), T3:200ml CO + 200ml H2O2, T4:200ml CO + 

200g, T5:300ml CO + 300ml H2O2, T6:300ml CO + 300g LL, 

T7:400ml CO +400ml H2O2, T8:400ml CO + 400g LL, 

T9:500ml CO + 500ml H2O2, T10:500ml CO + 500g LL, 

T11:no pollution + 500ml H2O2, T12:no pollution + 500g LL, 

T13:500ml CO + no remediation and T14: (no pollution + 

no remediation) control. A total of 420 experimental bags 

filled with 10kg soil each and polluted with crude oil at 

different levels, H2O2 and leaf litters were applied at a 1-

month interval after pollution for 4 months. Soil samples 

were analyzed for the physicochemical properties. The pH 

of the soils varied in all the treatments in all the months. 

The average pH before pollution was 6.3 but after pollution 

T7 had a pH of 7.6; pH of T9 was 7.3; pH of T10 was 7.5 and 

pH of T13 was 7.1 all having slightly alkaline pH which later 

reduced upon leaf litters and hydrogen peroxide 

application to acidic and finally to a neutral pH 4 months 

after remediation in the treatments. The results obtained 

from this study indicated that the introduction of leaf litters 

greatly increased the soil electrical conductivity in 

treatments it was applied especially in T12 (no pollution + 

500g LL) in all the months. T12 was 520.68-533.42 µS/cm 

followed by T11 (500.4-501.8 µS/cm). The nitrate content 

of the soil greatly increased upon the introduction of both 

leaf litters and hydrogen peroxide in soils without pollution 

(T11: 0.606-0.633 mg /kg and T12: 0.555-0.588 mg /kg). 

T11 (0.606-0.633 mg /kg) had the highest nitrate content 

upon the application of amendments followed by T12 

(0.555, 0.565-0.588 mg /kg). T9 (0.512-0.602 mg /kg) and 

T10 (0.51-0.62 mg /kg). Conclusively, crude oil pollution 

alters the soil pH, conductivity and nitrate levels. The 

addition of leaf litters and H2O2 to crude oil polluted soil 

neutralizes the pH and increases the conductivity and 

nitrate levels in the soil. 
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INTRODUCTION 
 
One major environmental issue in the Niger Delta areas 
of Nigeria is environmental pollution caused by crude oil 
and its derivatives. Crude oil pollution is a serious multi- 

 
 
 
 
dimensional environmental problem in Nigeria. Its impact 
on the entire ecosystem cannot be over-emphasized 
Anyanwu et al., 2014). Crude oil is a natural occurring  
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toxic flammable liquid which varies in appearance 
depending on its composition mostly of alkenes, 
cycloalkanes, aromatic hydrocarbons, trace amount of 
metals such as iron, nickel, copper, lead and vanadium 
and other organic compounds such as nitrogen, oxygen 
and sulphur (Ochekwu and Ezekwe 2020). On the other 
hand, preventing pollution of heavy metals is critical 
because cleaning polluted soils is difficult and very 
expensive. Even when physical or chemical removal of 
hydrocarbons has been accomplished, the residual 
metallic components of crude oil are difficult to remove 
(Karangwa et al., 2018). Soil pollution is a build-up in the 
soil of toxic chemical compounds salts, pathogens or 
radio-active materials that can affect plant and animals 
and human life (Engelking, 2005). When soil is polluted 
the thin layer of the fertile soil that covers much of the 
earth’s soil and is vital for the growth of vegetation is 
damaged (Adam and Duncan, 2003, Ochekwu et al., 
2012).  Tanee and Anyanwu (2007) defined crude oil 
pollution as the introduction of crude oil or its by-products 
with other gases associated with it into the environment 
in quantities that are poisonous or capable of causing 
immediate physical, chemical and biological damage to 
the affected ecosystem. In Nigeria the major cause of 
crude oil pollution is as a result of pipeline vandalization 
by saboteurs (individuals and group) seeking government 
attention to correct economic marginalization and 
ecological disaster occasioned by many years of 
unregulated crude oil exploration and exploitation by 
foreign companies (Ochekwu and Madagwa 2013). Most 
nutrients needed by plants for normal growth have been 
noted to be deficient in soil polluted by petroleum (Abii 
and Nwosu, 2009). Crude oil polluted soils may 
sometimes remain unsuitable for growth of plants for 
months or years depending on the level of contamination 
because its toxicity may persist for a long time (Benson et 
al., 2016). Soils contaminated by petroleum are known 
for low pH. Most microorganisms survive or thrive at pH 
close to neutrality (pH = 7.3) but majority of microbes 
(bacteria) of heterotrophic nature prefer a neutral pH-
value for optimum performance Hence, a very low or very 
high pH will inhibit the soil microbial activities and 
populations. Some of the important and major nutrient 
elements essential for the enhancement of soil 
biodegradation rate are nitrogen and phosphorus. They 
are always regarded as the two most limiting elements in 
petroleum polluted soil, hence their availability will 
increase microbial populations. Their availability to 
microbial populations will influence the capacity of such 
microorganisms to degrade crude oil. Hydrogen Peroxide 
a chemical liquid has been seen to be capable of 
increasing dissolved oxygen content in the soil as a result 
it can enhances crude oil biodegradation. Leaf litters in 
soil can enhance the plant growth and performance 
(Chukwuka et al., 2014). Hence, the aim of this study is 
to determine the effect of pH, electric conductivity and 
nitrate levels of soil   polluted   with   crude   oil   following 
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remediation with leaf litter and hydrogen peroxide.  
 
 
MATERIALS AND METHODS 
 
Experimental site 
 
The study was carried out in the Rivers State University 
Research Farm in the Faculty of Agriculture, Rivers State 
University, Port Harcourt, Nigeria. An area of (20 x10) m 
was marked out with a measuring tape and then cleared 
to ground level. The study was carried out in an open 
field. 
 
Experimental design 
 
A randomized complete block design was used for the 
experiment. The experiment was in 3 blocks. Block 1; 
10kg of soil was used with 100, 200, 300, 400 and 500ml 
of crude oil amended with leaf litters (100, 200, 300, 400, 
500g) and hydrogen peroxide (100, 200, 300, 400 and 
500ml) with unpolluted soils that served as the control. 
The same experiment was replicated for blocks 2 and 3 

respectively. A total of 420 experimental bags (17.5 cm 

diameter with 30 cm depth) filled with 10kg of soil in 

each bag were used for the experiment. 
 
 
Crude oil collection 
 
100 litres of crude oil were purchased from the Port 
Harcourt Refinery, Eleme, and Rivers State, Nigeria and 
conveyed to the Rivers State University Research Farm 
and applied as a pollutant on the soil. 
 
Treatment applied 
T1 = 100ml crude oil + 100ml H2O2 
T2 = 100ml crude oil + 100g leaf litters  
T3 = 200ml crude oil + 200ml H2O2  
T4 = 200ml crude oil + 200g leaf litters  
T5 = 300ml crude oil + 300ml H2O2 
T6 = 300ml crude oil + 300g leaf litter 
T7 = 400ml crude oil + 400ml H2O2  
T8 = 400ml crude oil + 400g leaf litters  
T9 = 500ml crude oil + 500ml H2O2 
T10 =500ml crude oil + 500g leaf litters 
T11 = No pollution + 500ml H2O2 
T12 = No pollution + 500g leaf litter 
T13 = 500ml crude oil + no remediation 
T14 = Control (No pollution, no remediation) 
 
Application of leaf litters and hydrogen peroxide 
 
Leaf litters (organic) and hydrogen peroxide (inorganic) 
fertilizers were used to carry out this experiment. 
Terminalia catappa leaves used as leaf litters were 
obtained from a site in the Rivers State University while  



Official Publication of Direct Research Journal of Agriculture and Food Science: Vol. 8, 2020, ISSN 2354-4147 

Chuku and Ochekwu          187 
 
 
 
the hydrogen peroxide was obtained from the 
departmental Laboratory. The leaf litters were gathered in 
very large quantities, dried in the University of Port 
Harcourt green house and analyzed before use. 
 
 
Collection and pre-treatment of soil 
 
Pristine soil was randomly collected using a soil auger. 
The soils used were soil obtained from the top layer of 
the soil between the depths of 0 to 15cm from the 
agriculture and research farm of the Rivers State 
University and taken to the screen house for further 
studies. 
 
 
Determination of soil quality 
 
Samples of soil were collected by composite sampling 
using a metal soil auger. Samples of the soil were 
brought together, homogenized and 10kg measured into 
experimental bags with perforations for the first, second 
and third blocks. Three soil parameters (pH, conductivity 
and nitrate) were also determined in the Department of 
Plant Science and Biotechnology Laboratory, University 
of Port Harcourt. The process was carried out six (6) 
times; before pollution, after pollution, 1 months after 
remediation for a period of 4 months. 10kg of soil was 
weighed into labeled perforated experimental bags both 
for the first, second and third replicates. It was mixed with 
accurate measured concentrations of crude oil and then 
put into the experimental bags. In the first block, 100, 
200, 300, 400 and 500mls of crude oil were introduced to 
the soil in the experimental bags except in the control. 
The same process was repeated on the second and third 
blocks respectively. The polluted and unpolluted soils 
were allowed to stand for 1 month (30 days) before 
remediating agents were applied. Thereafter, carefully 
weighed leaf litters and hydrogen peroxide (H2O2) were 
introduced to the treatments except the control. During 
this period, the soil samples were watered when there 
was a need for watering. 
  
 
RESULTS AND DISCUSSION 
 
Determination of Physicochemical Parameters of soil 
before pollution, after pollution and after remediation 
 
The three soil physicochemical parameters were tested 
for: soil pH, soil electric conductivity and soil nitrate 
(NO3). Soil pH was obtained using a pH meter (model 
EQ610 pH meter). The soil electrical conductivity was 
determined using a JENWAY Model 4010 conductivity 
meter. Soil nitrate was determined using Brucine method 
(USEPA, 1971). The soil pH was determined in the 
experiment at 6 different stages:  

 
 
 
 
before pollution (T14), after pollution (T13), 1 month after 
amendment, 2 months after remediation, 3 months after 
remediation and 4 months after remediation (Figure 1). 
The pH of the soils varied significantly in all the 
treatments on all the months with T7, T9, T10 and T13 
having slightly alkaline pH average after pollution of 7.4 
which later decreased upon leaf litters and hydrogen 
peroxide application to acidic pH and finally to a neutral 
pH 4 months after remediation on all the treatments. The 
unpolluted soil had the least pH increase at the end of the 
experiment. Ijah et al. (2008) and Gighi et al. (2012) 
stated that organic manure has buffering effect on crude 
oil polluted soil because crude oil pollution has been 
reported to decrease soil pH. The range of the pH 
observed in the remediation soils may favours oil 
degradation by micro-organisms as observed in similar 
studies that higher pH range between 6 and 9 provides 
better conditions for degradation of hydrocarbons since 
most microorganisms especially bacteria capable of 
degrading hydrocarbons perform best at pH conditions 
close to neutrality (Tanee and Kinako, 2008). T14 
(control) was the only treatment with an average pH of 
6.3 in all the experimental periods because of the control 
treatments were pollution free. This result could be 
attributed to the fact that soil bacteria thrive better in 
neutral soils than acidic soils, the increase of the soil pH 
towards neutral condition means more favourable 
conditions for soil bacteria and these bacteria play 
significant role in the degradation of crude oil (Ochekwu 
et al., 2020). The result below implies that crude oil 
pollution alters the soil pH and can be neutralized by 
addition of the adequate remediation. The pH of the 
crude oil polluted soils was higher than that of unpolluted 
soils which is an indication that the presence of crude oil 
or its derivatives increase soil pH from neutral to alkaline. 
The rise in soil pH as a result of leaf litters which were 
added might be as a result of the activities of micro-
organisms which increased due to decay and organic 
matter formation. Similarly, Noble et al. (1996) measured 
the ash alkalinity of leaf litters from various species of 
trees and reported that leaf litters increased the pH of 
acidified to neutrality The pH is not only essential for 
determining the availability of many soil nutrients but also 
in determining the fate of many soil pollutants, their 
breakdown and possible movement through the soil.  
 

 
Effects of treatment on soil electrical conductivity 
(µS/cm) 
 
Electrical conductivity (EC) is a measure of ionic 
concentration in the soils and is therefore related to 
dissolve solutes. The soil electrical conductivity was 
determined in the experiment at six different stages: 
before pollution (T14), after pollution (T13), 1 month after 
remediation, 2 months after remediation, 3 months after 
remediation and 4 months after remediation (Figure 2).  
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Figure 1: Effects of leaf litters and hydrogen peroxide on the pH of soil polluted with crude oil. 
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Figure 2: Effects of leaf litters and hydrogen peroxide on the conductivity of soil polluted with crude oil.  

 
 
 
The results showed that the introduction of leaf litters 
increased the soil electrical conductivity especially in T12 
with mean electric conductivity of 527.404 µS/cm 
followed by T11 (500.872 µS/cm). The control soils (T14) 
and unpolluted soils that were remediated with both leaf 
litters (T12) and hydrogen peroxide (T11) had the highest 
soil electrical conductivity. Soils that were polluted with 
crude oil recorded (T9: 251.395, µS/cm), T10: (251.84 

µS/cm) and T13 (253.50 µS/cm) did not differ after 
pollution at 1, 2 and 3 months after remediation and also 
recorded the lowest soil electrical conductivity. 
Treatments T1 had 412.62 µS/cm and T2 had 414.523 
µS/cm respectively. These values as seen in treatments 
T1 and T2 were not different and had higher conductivity 
when compared to the other treatments that were 
polluted and amended (T3, T4, T5, T6, T7, T8, T9, T10).  
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Figure 3: Effects of leaf litters and hydrogen peroxide on the nitrate of soil polluted with crude oil. 

 
T3 (402.24 µS/cm) and T4 (402.66 µS/cm) had a lower 
conductivity than T1 (412.61 µS/cm) and T2 (414.53 
µS/cm) but were higher than T5 (360.04 µS/cm), T6 
(358.82 µS/cm), T7 (321.67 µS/cm), T8 (321.26 µS/cm), 
T9 (282.80 µS/cm) and T10 (283.54 µS/cm). From the 
result, addition of leaf litters and hydrogen peroxide 
increased soil electrical conductivity compared with the 
initial results from control. T11, T12 and T14 which had 
no presence of pollution but had very high electrical 
conductivity values in the whole experiment when 
compared with the treatments with crude oil pollution 
which were low. The low initial soil electrical conductivity 
in crude oil contaminated soils might have resulted from 
distortion, blockage or displacement of water by air in 
pore spaces. Agbogidi and Ejuneke (2012) noted that 
plots which received petroleum hydrocarbon treatment 
had water infiltration and percolation reduced. Sedat and 
Sahriye (2011) also had similar findings that organic 
manure influences the soil electrical conductivity of crude 
oil polluted soils.  
 
 
Effects of treatment on soil nitrate (mg/kg) 
 
With introduction of crude oil, the nitrate levels reduced 
and this is in agreement with Onuh et al. (2008) who 
stated that crude oil pollution reduces the nitrate levels in 
soil. From the results, the average nitrate content of the 
soil later increased upon introduction of leaf litters and 
hydrogen peroxide T11 (0.62 mg / kg) and T12 (0.57 mg 
/kg). T11 (0.62 mg /kg) had the highest nitrate content 
upon the application of amendments followed by T12 

(0.57 mg/ kg). T9 (0.54 mg; /kg) and T10 (0.54 mg / kg) 
respectively. However, these values did not differ much. 
T7, T8 and T13 had the lowest nitrate content in the 
whole experiment with 0.112 mg / kg, 0.112 mg / kg and 
0.156 mg / kg respectively. Nitrate status of the soil 
increased in all the treatments and control soils when 
compared with the initial nitrate content of the soils 
(Figure 3). The reduction in the concentration of soil 
nitrate in a polluted soil suggests that the process of 
nitrification might have reduced following the incidence of 
oil spillage is a process by which ammonia and 
ammonium compounds are converted to nitrate. It is 
accomplished by two groups of chemosynthetic bacteria 
generally known as Nitrifiers. The first group of nitrifiers is 
called Nitrite-bacteria, e.g., Nitrosomonas. They convert 
ammonia and ammonium compounds into nitrite. 
Nitrobacter falls into the second group of Nitrifiers. 
These ones convert the nitrite into nitrate (Anyanwu et al., 
2014). The introduction of leaf litters and hydrogen 
peroxide increased the soil nitrate status with the 
unpolluted and amended soils having the highest values. 
Howarth (2002) reported that the internal pool of nitrogen 
in plant leaves and root tips, which contains the majority 
of plant total nitrogen, appears to cycle rapidly within the 
whole tree. 
 
Conclusion 
 
The study has shown that crude oil alters the pH, electric 
conductivity and nitrate levels of the soil thereby making 
the soil unfit for planting. The introduction of leaf litters 
and hydrogen peroxide at various concentrations in crude  
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oil polluted soil shows that even if the soil has been 
polluted by crude oil the introduction of leaf litters and 
hydrogen peroxide can help improve the nutrient status of 
the soil. Leaf litters and hydrogen peroxide serve as 
fertilizers and remediating agents and in this case it was 
both organic and inorganic respectively. The health 
status of the soil in the Niger Delta area of Nigeria and 
the world at large is paramount to Farmers, Researchers 
and Agriculturist and efforts in restoring the soil back to 
its original status is always welcoming This method is one 
of those methods. Even though, crude oil pollutes the 
soil, there is hope with the introduction of leaf litters and 
hydrogen peroxide on the soil pH, electric conductivity 
and nitrate levels. 
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