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Abstract 

 The purpose of this study is to model the effect of 

biochar on soil polluted with petroleum using 

plantain peel to prepare the biochar by method of 
local pyrolysis. The soil was collected from an 

agricultural farm land; it was contaminated with 

petroleum product and mixed properly to achieve 

proper contamination. A microcosm system was 

constructed consisting of four plastic buckets 

containing 1 kg of soil, artificially contaminated with 

petroleum. Biodegradation was monitored over 42 

days by determining the total petroleum hydrocarbon 

content of the soil. The results showed that plantain 

peel biochar amendment technique was the most 

effective, reaching up to 29.46% (14 days), 40.63% 

(28) and 54.86% (42 days) of petroleum percentage 
biodegradation from contaminated soil. A first-order 

kinetic model was fitted to the biodegradation data to 

model the biodegradation rate and the corresponding 

half-life time was estimated. The model revealed that 

petroleum contaminated-soil microcosms under 

plantain peel amendment had higher biodegradation 

rate constants (k) as well as lower half-life times 

(t1/2) than unamended soil remediation systems. 

ANOVA statistical analysis revealed that petroleum 

biodegradation in soil was significantly (p = 0.002) 

influenced by the addition of plantain peel biochar 

amendment agents. The amendment of soils with 

biochar has the potential to be an effective, 
economical, environmentally friendly and relatively 

different approach to remediate organic compound 

contaminated soil. 
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I. INTRODUCTION 

 Petroleum is a very complex mixture of 
aliphatic and aromatic hydrocarbons, containing 

volatile constituents of gasoline, petrol, kerosene, 

lubricating oil and solid asphaltene residues. 

Petroleum when released into the environment causes 

a variety of risks. Biochar is the pyrolysis product of 

biomass. Reference [1] described pyrolysis as heating 

biomass in the absence of air, which drives off many 

constituent parts, such as oil tars, but leaving carbon 

behind in a solid form. The solid form of carbon left 

in the reactor is what is being referred to as bio-char. 

As a soil amendment, biochar can greatly influence 

various soil properties and processes [2]. With the 
addition of biochar, the increase of the availability of 

soil organic matter, the water holding capacity, and 

the bioavailable nutrition elements can significantly 

improve the microbial activities and thereby the soil 

aggregate formation and stability[3].  Reference [4] 

reported that the formation of complexes of biochar 

with minerals, as the result of interactions between 

oxidized carboxylic acid groups at the surface of 

biochar particles, should be responsible for the 

improved soil aggregate stability. The ability of 

biochar to serve as a shelter for microbes is also 
exhibited by the appearance of microbial attachment 

to its surface [5], and therefore decreasing the rate of 

microbial leaching in soil [6].  

 Charred carbonaceous matter is more 

resistant to microbial degradation than other forms of 

organic matter, and adding biochars to soils may 

lastingly store CO2 captured from the atmosphere in 

the terrestrial environment [7]. The use of biochar as 

an amendment for the remediation of contaminated 

soil [8] offers benefits in addition to those of storing 

CO2 captured from the atmosphere. The application 
of biochars as sorbents for soil remediation is 

motivated by the successful use of coal-derived 

activated charcoals for the in-situ sequestration of 

hydrophobic organic compounds (HOCs) [9]. 

Activated or non-activated charcoals were shown to 

reduce hydrophobic organic pollutant leaching [10], 

pollutant loss to the atmosphere [11], and uptake 

from soil by plants [12], [13], [14], and earthworms 

[15], [13], [16]. Replacing coal-derived charcoal in 

soil remediation applications with biochar would 

improve the sustainability of remediation efforts by 

combining the benefits of HOC risk reduction and 
carbon capture and storage, and also by reducing 

economic costs [17].  

 Weathered Bonny light crude oil (WBLCO) 

contaminated-soil microcosms amended with 

commercial activated carbon (CAC) and plantain 

peel-derived biochar (PPBC) had higher 
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biodegradation rate constants (k) as well as lower 

half-life times (t1/2) than unamended soil (natural 

attenuation) remediation system [18]. Pyrogenic or 

“black” carbon is a soil and sediment component that 

may control pollutant migration. Biochar, black 
carbon made intentionally by biomass pyrolysis, is 

increasingly discussed as a possible soil amendment 

to increase fertility and sequester carbon [7]. The use 

of biochar as an amendment for the remediation of 

contaminated soil [8] has been found to be effective 

for three basic reasons: (1) it adsorbs and holds 

metals and organic compounds thereby removing the 

material from contact with plants, animals and 

humans; (2) it fosters the introduction of beneficial 

microbes which also promote remediation; and (3) it 

improves the overall soil quality and fertility by 

acting as fertilizer[19], [20]  as well as other 
ecosystem services and appropriate carbon (C) to 

mitigate climate change [21], [22], [23].  

 The crude oil samples spiked on the soil 

samples of sufficient clay and organic matter content 

vaporized within few days and the other way round 

used to investigate vaporization kinetics of various 

crude oil samples of Niger Delta from different soil 

samples of the same area [24]. Bacteria use the 

petroleum hydrocarbons as a source of carbon for 

assimilation and for energy production. To make 

degradation of hydrocarbons possible the presence of 
other compounds is sometimes necessary [25]. The 

results of the study indicate the dependence of the 

kinetic order model to the crude oil hydrocarbon 

concentration and the textural properties of the soil 

[26]. Reference [27] proposed that first order kinetic 

behaviour was equally observed in the photochemical 

degradation of crude oil in seawater carried. Cumene 

and all low-boiling aromatics got from south shore of 

Grand Bahama Island disappeared within 90 minutes 

of exposure to ambient temperature and the 

disappearance of these hydrocarbons is a good first 

order estimate of the vaporization [28]. Reference 
[29] observed that the photochemical degradation of 

light crude oil in seawater. Disappearance of light 

crude oil spiked in the soil amended with nutrients 

also obeyed the first order kinetic process [29].  

 

II. MATERIALS AND METHODS 

A. Experimental Design and Soil Treatment 

Soil samples (1 kg) was put into four (4) different 

plastic bins with a volume of about 3 L and labeled A 

to D, respectively. The soil in each plastic bin was 

added with 10% (w/w) crude oil and thoroughly 

mixed together to achieve complete artificial 

contamination. 10% addition was adopted in order to 

achieve severe contamination because above 3% 

concentration, oil has been reported to be 
increasingly deleterious to soil biota and crop growth 

[30]. The soil in each plastic bins A, B, C, D was 

correspondingly adjusted by the addition of 60 g each 

of biochar having the same particle size (4.75 mm) It 

was assumed that the aforementioned quantity of 

biochar applied to the relevant treatment plastic bin 

were well worked to at least 1.5 m depth in each plas-

tic bin. The moisture content was adjusted to 50% 

water holding capacity by the addition of sterile 

distilled water and incubated at room temperature 
(28±2 °C). Plastic bin D with soil and crude oil 

without biochar (amendment agents) served as 

control. Periodic sampling from each plastic bin was 

carried out at 14-day intervals for 42 days to 

determine the residual total petroleum hydrocarbon 

(TPH). The samples of dried plantain peel and 

plantain peel biochar are shown in Figures 1 and 2.  

 
Fig. 1: Sample of Dried Plantain Peel 

 

 
 

Fig. 2: Sample of Dried Plantain Peel Biochar. 

 
B. Total petroleum hydrocarbon determination 

The total petroleum hydrocarbon (TPH) content of 

the soil samples was extracted using solvent 

extraction method of Reference [31]. Soil samples 

(approximately 10 g) was taken from each 

microcosm and put into a 50-ml flask and 20 ml of n-

hexane was added. The mixture was shaken 

vigorously on a magnetic stirrer for 30 minutes to 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=organic+matter


Arimieari, L.W & Ezeilo, F.E / IJCE, 6(11), 11-15, 2019 

13 

allow the hexane extract the oil from the soil sample. 

The solution was then filtered using a Whatman filter 

paper and the liquid phase extract (filtrate) diluted by 

taking 1ml of the extract into 50 ml of hexane. The 

absorbance of this solution was measured 
spectrophotometrically at a wavelength of 400 nm 

HACH DR/2010 Spectrophotometer using n-hexane 

as blank. The total petroleum hydrocarbon in soil was 

estimated with reference to a standard curve derived 

from fresh crude oil of different concentration diluted 

with n-hexane. Percent degradation (D) was 

calculated using Eq. 1:  

                                             

(1)                                                                                                                                                                                 

   Where TPHi and TPHr are the initial and residual 

TPH     concentrations, respectively. 

C. Bioremediation kinetics 

 Kinetic analysis is a significant factor for 

understanding biodegradation process, 

bioremediation speed measurement and development 
of efficient clean up for a petroleum contaminated 

soil. The information on the kinetics of soil 

bioremediation is of great significance because it 

characterizes the concentration of the contaminant 

remaining at any time and permit estimate of the 

level likely to be present at some future time. 

Biodegradability of petroleum is usually explained by 

first order kinetics [32], [33] as cited in [18] and this 

is given as in Eq. 2.  

                                                                 
(2)                                                                                                                               

Where 

 Co  -   is the initial TPH content in soil (mg/kg),  

Ct   -   is the residual TPH content in soil at time t, 

(mg/kg),  

k   -     is the biodegradation rate constant (day-1)  

 t -      is time (day).   

Plotting the logarithm of TPH concentration versus 

time represents appropriate information about 

biodegradation rate. 

III. RESULTS AND DISCUSSION 

A. Total hydrocarbon content evaluation 
 The rate of biodegradation of petroleum 

contamination at 29.46% (14 days), 40.63% (28 

days) and 54.86% (42 days) concentrations were 

analysed for the plantain peel from the data gathered. 

The abstraction result of total hydrocarbon content 

which was used as a pointer parameter for 

remediation at several levels of petroleum 

contamination, ranging from 29.46, 40.63 and 

54.86% and these were detected to reduce with time 

for the plantain peel biochar applied. This indicates 

that there was a progress in the effectiveness or rate 

of remediation offered by the plantain peel biochar.   

B. Application of first order reaction for 

bioremediation kinetics 

 

 The rates of biodegradation were compared 

using biodegradation rate constants, from the First 

Order Kinetics Model, which was achieved using the 

linear function of Microsoft Excel Statistical tool 

pack. The graphs of the kinetic form for total 

hydrocarbon content decrease at 29.46, 40.63 and 

54.86% contamination levels for plantain peel 

biochar when refined for a remediation period of 

42days, are shown in Figure 3. It was observed that 

the first order kinetic model (Eq. 2) fitted well to the 

biodegradation offered by the plantain peel biochar. 
The degree of biodegradation shows a positive 

correlation coefficient R2 for the reduction in total 

hydrocarbon content, with a higher biodegradation 

rate at a reduced time. From the result, the 

biodegradation rate constant (k) was high for plantain 

peel biochar, k (2.90) with the lowest half-life, i.e., 

t1/2 (0.24). 

 It is realized from Figure 3 that the soil 

amendment with plantain peel biochar generally 

improved the TPH biodegradation in comparison 

with the unamended contaminated soil. This 
observation could be due to the fact that plantain peel 

biochar acted as an adsorbent in the soil by allowing 

the contaminant to be strongly bound to it, thus 

producing favourable conditions for degrading 

organisms’ growth. The data were subjected to one – 

way analysis of variance (ANOVA) at level of 

significant difference of P- value 0.002. 

y = -0.012x + 4.479
R² = 0.994
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    Fig. 3: A plot of log of TPH concentration 

versus time 
 

IV. CONCLUSION 

 The results from the study confirm that the 

use of plantain peel biochar enhanced the degree of 

biodegradation in microcosms simulating soil 

polluted with petroleum. At the end of 42 days 
remediation period, the maximum total petroleum 



Arimieari, L.W & Ezeilo, F.E / IJCE, 6(11), 11-15, 2019 

14 

hydrocarbon (TPH) removal that ranged from 29.46, 

40.63 and 54.86% was obtained for petroleum 

contaminated with soil amended with plantain peel 

biochar. The rate of biodegradation constant achieved 

from the application of first order kinetics described 
the rate of petroleum biodegradation in soil with and 

without amendment. The rate constant k (2.90) for 

plantain peel biochar amended soil microcosm with 

the lowest half-life, i.e., t1/2 (0.24).  

 Statistical analysis using ANOVA to 

determine significance effect of the amendment 

agents on petroleum biodegradation revealed that 

petroleum biodegradation in soil was highly 

influenced by the addition of plantain peel biochar as 

amendment agents.  Amendment of soils with 

biochar has the potential to be an economical, 

relatively different approach to remediate the risk of 

organic compound contamination and contact in 

soils.  The bioremediation method recommended here 

for soils contaminated with petroleum could be apt in 
field, for its inexpensive and low environmental risk 

related with volatile hydrocarbon damages. However, 

these results do not represent an overall rule and site 

detailed studies are required, the method adopted 

here can be a significant maintenance device when 

planning bioremediation approaches on site. 
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