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Abstract Crude oil simulated soil was treated with 300g, 450g and 600g concentrations variation of maize husk
compost (MHC). The effects of maize husk compost (MHC) treatment on physicochemical properties of crude oil
contaminated soil, total petroleum hydrocarbon (TPH) %, biostimulation efficiency (B. E) % were studied. The
results indicated that the composting process greatly enhanced the overall rate of total petroleum hydrocarbons
mineralization. The greatest reduction of TPH and increase in B. E (%) were obtained in the first compost with 600g
of maize husk compost amended soils (82.04% and 88.93%), followed by the 450g of maize husk compost amended
soils where TPH (%) reduction and B. E (%) increase were still high (67.52% and 86.55%) respectively. In the
compost with 300g of maize husk amended soils, the TPH concentrations decreased and increased in B. E (%) by
only (56.96% and 84.06%) respectively. The sequence of TPH reduction (%) and increase in B. E (%) of maize husk
compost amended soils followed the same soil physicochemical properties improvement sequence of maize husk
compost amended soils. In addition, mineralization time increased with increase in maize husk compost
concentration. The composting process played a significant role in the biodegradation of petroleum hydrocarbons
and can effectively lead to maximum utilization of maize husk agricultural waste produced by farmers as compost.
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Introduction

Petroleum is the mainstay of Nigeria's economy since it discovery. However, it is gradually becoming a curse to the
people in the oil producing areas of Nigeria due to the devastating effect of oil spillage that is negatively affecting
the socioeconomic life of the people. Crude oil spillage is a serious environmental problem that is due to an
increasing petroleum exploration, refining and other related industrial activities [1,2]. The contamination of these
habitats poses major public health and socio-economic hazards which most often has developed into impetuous
protests between some of the oil companies and the surrounding communities [3]. The major constituents of
molecules in petroleum oil spills and refined products are biodegradable, and they will gradually diminish from the
environment as microorganisms utilize them for their metabolic activities [4]. Agricultural waste is obviously huge
in the Niger delta area of Nigeria due to the heavy rainfall average, thick forest belt and large participation of arable
farming practices in the region which is apparently contributing to environmental challenges to the society. With the
huge agro-waste generated in this region, there is a need to transform the agro-waste to useful purposes.
Bioremediation is the latest scientific strategy that has been discovered to be cost effective, possess great potential in
removing crude oil from the soil and degrade petroleum hydrocarbons without leaving behind any toxic products to
the soil ecosystem. Among the bioremediation strategies, composting is the most cost effective and viable
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bioremediating strategy due to the surplus availability of its materials. Composting, according to Odokuma [5] is
aerobic degradation of solid domestic organic agro-waste into a form that can be used as amendment material for
soil. Many agro-waste organic materials have been tested as composting agents in bioremediation of crude oil
polluted soil which include water hyacinth [6]; palm oil mill effluent, palm bunch refuse and cassava peels [3, 7-8];
saw dust and waste cotton [9]; cocoa pod husk and plantain peels [10] and unspecified compost [11-12]. However,
maize husk compost was discovered to be less utilized in composting strategy in bioremediation. Among cereals,
maize is widely grown in southern Nigeria being a staple food crop for the common man. It is important to note that
the agro-waste generated by maize is enormously huge and there is need to utilize it for useful purposes devoid of
environmental nuisance. In this study, maize husk compost bioremediation potential was put to test as a
bioremediant in bioremediation of crude oil polluted soil.

Materials and Methods

Samples Collection: Soil samples were collected at random from an unutilized land at the back of 2-inl lecture
theatre building within the Federal University of Technology, Akure using a hand trowel at a depth of 0-20cm below
soil surface, having no pollution history and devoid of petroleum hydrocarbons contamination. Bonny light crude oil
with specific gravity of 0.8399 @ 60F/16°C was obtained from Shell Petroleum Development Company (SPDC)
flow station, Bonny Island, Rivers state, Nigeria. Maize husk waste was collected at a commercial agricultural farm
along Akure-Owo road, Ogbese, Ondo state, Nigeria

Sample Preparation, Artificial pollution and Treatment: Soil was air dried for a period of seven days in a clean
well ventilated laboratory and sieved by passing through a 2mm mesh sieve. 1kg of soil was each measured into
clean dry experimental pot and moistened with distilled water to ensure proper mixing with the crude oil. Artificial
pollution of the soil samples was done by measuring 100ml of crude oil (CO) into the experimental pot containers
containing 1kg of soil each. The individual mixtures were thoroughly mixed to achieve a 10% artificial pollution.
10% spiking was adopted to achieve severe pollution because beyond 3% concentration [13], crude oil has been
reported to be increasingly deleterious to soil biota [14]. The maize husk waste sample was put in a jute bag for
30days in a damp corner in the Laboratory for proper decomposition. Thereafter, it was crushed to sizes, thoroughly
mixed to achieve uniform particle size and stored in neat polythene bags for use. 300g, 4509, and 600g of the maize
husk compost (MHC) sample each were added to the experimental pots containing 1kg of 100ml crude oil artificial
polluted soil and thoroughly mixed to obtain homogeneity and to allow proper bioremediation for another 90 days
with periodic turning for proper aeration and watering. The experimental pots contained natural soil (NS), crude oil
polluted soil (COPS) and Maize husk compost amended soil (MHCAS) for 90 days bioremediation study periods.
This experimental design was a randomized complete block and it was triplicated.

Soil Physicochemical Analysis: Soil physicochemical characteristics such as soil particle size analysis, pH, K,
Na*, Ca®*, Mg®", cations exchange capacity (CEC), moisture, water holding capacity (WHC), porosity, electrical
conductivity, total organic carbon (TOC), organic matter (OM), total nitrogen (N) and phosphorus (P) were
determined before pollution, 30 days interval for 90 days after pollution and bioremediation process. Soil pH was
determined electrometrically following the procedure outlined by Mylavarapus and Kennelley [15]. Particle size
analysis was done using bouyoucos [16] hydrometer method. Soil minerals were determined by the method of Tel
[17]. Total organic carbon and matter were determined by the wet dichromate acid oxidation method of Nelson and
Sommers [18]. Soil water holding capacity and porosity were determined by the method of Michael [19]. Total
Nitrogen was determined using the method of Radojevic and Bashkin [20]. Total Phosphorus was determined by
Bray and Kurtz method [21]. Electrical conductivity was carried out as described by Chopra and Kanzer [22]. Soil
moisture was determined using the method of Michael [19].

Determination of Total Petroleum Hydrocarbon (TPH): 1g each of the artificially polluted and bioremediated

soil samples were dissolved in 10ml of hexane and shaken for ten minutes using a mechanical shaker. The solution
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was filtered using a Whatman filter paper and the filtrate diluted by taking 1ml of the extract into 50ml of hexane
[13]. Procedural blanks and standard solutions were prepared and included to ensure analytical quality control so as
to ensure the accuracy and reproducibility of the results. The absorbance of this solution was read at 460 nm with
HACH DR/2010 Spectrophotometer using n-hexane as blank. Replicate analyses were carried out on the
determination of TPH to yield a statistical mean which will be used to determine trueness and also standard
deviation of the mean to measure precision [23] [24]. Total petroleum hydrocarbon (TPH ) was determined at 15
days interval for 90 days. Percentage of TPH degradation was calculated using the following equation;

TPH,, —TPH
TPH .,

Where TPH . is the crude oil in the untreated soil at zero time and TPH , is the degradation of crude oil in

% of TPH degradation = A %100

maize husk compost amended soil (MHCAS) at different time.

Biostimulation Efficiency (B. E) %:
Evaluation of crude oil polluted soil and maize husk compost amended soil (MHCAS) Biostimulation Efficiency
(B.E) % was calculated at 15 days intervals for 90 days bioremediation period using the following equation [25]:

TPH,%-TPH, %
TPH , %

Where TPH , is the degradation of crude oil in maize husk compost amended soil (MHCAS) at different time and

BE%= 100

TPH, the degradation of crude oil in crude oil polluted soil at different time.

Results and Discussion
Nutrients and minerals analysis results of crude oil and maize husk compost samples in this study are shown in
Table (1).

Table 1: Results of nutrients and minerals analysis of crude oil (CO) and maize husk compost (MHC)

Parameters Crude Qil (CO) maize husk compost (MHC)
pH 4.20 £ 0.000 6.02 £ 0.100
OC % 96.50 + 0.016 9.58+0.014
OM % — 16.52

N % 0.11 £ 0.002 0.30 £ 0.001
P % 0.07 £ 0.001 0.27 £ 0.014
K* [C mol/kg] 0.05 £ 0.000 0.48 £ 0.005
Na* [C mol/kg] 0.06 £ 0.000 0.12 £ 0.001
Ca?" [C mol/kg] 0.10 £ 0.001 0.10 £ 0.002
Mg®* [C mol/kg] 0.07 £ 0.001 0.14 £ 0.001
CEC 0.28 0.84

CIN 877.27 31.93

Results = Mean values + standard deviation

Table (2) results revealed that crude oil pollution did not change the composition of the Particle size of the soil [26]
with sand (65%), clay (45%) and silt (40%) fractions respectively were all in the same range for the natural, artificial
crude oil polluted soil and maize husk compost amended soil (MHCAS) soils. A classification of the soil based on
the USDA [27] textural class shows that the soil is sandy loam. pH, conductivity, K*, Na*, Ca**, Mg?*, cations
exchange capacity (CEC), moisture, WHC and porosity of crude oil polluted soil control (2) were reduced as
compared to the natural soil control (1) as shown in Table (2). The observed reduction followed the submissions of
Oyedele and Amoo [26]; Osuji and Nwoye [28]; Oyedele et al [29]. The observed reduction in pH and conductivity
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could be as a result of increase in hydrophobicity of the crude oil polluted soil condition [26] and probably due to
release of acidic intermediates that lower the pH. Immobilization of the soil nutrients and minerals by crude oil was
the major cause of soil K*, Na*, Ca?*, Mg?*, cations exchange capacity (CEC), moisture, WHC, and porosity
reduction of crude oil polluted soil (COPS) in Table (2) which made them unavailable to the soil [26, 28]. The added
carbon substrate from the crude oil might have led to the increase of organic carbon and organic matter in crude oil
polluted soil as compared to the natural soils as revealed in Table (2) [30]. The results in Table (2) revealed the
increase in values of pH, conductivity, organic carbon, organic matter, total nitrogen, phosphorus, K*, Na*, Ca®,
Mg?*, cations exchange capacity (CEC), moisture, WHC and porosity with increase in concentration of maize husk
compost in maize husk compost amended soils as compared to crude oil polluted soil control (2) in the sequence of
300g of MHCTS < 450g of MHCTS < 600g of MHCTS. This is in line with the findings of Romanus [3]. The
increase in the soil nutrients and minerals with increase in maize husk compost in maize husk compost amended soil
may be due to the

Table 2: Results of physicochemical properties of natural soil (NS), crude oil polluted soil (COPS) and maize husk
compost amended soil (MHCAS) for 90 days

Parameters Natural Soil (control Crude Oil Polluted Soil 300g of 450g of MHCTS 600g of MHCTS
1) (NS) (control 2) (COPS) MHCTS

Sand (%) 65 65 65 65 65

Clay (%) 45 45 45 45 45

Silt (%) 40 40 40 40 40

Textural Sandy loam Sandy loam Sandy loam Sandy loam Sandy loam

class

pH 6.02 £0.050 4.60 £0.141 6.51 +£0.001 6.73 £0.100 6.75 +0.016

Conductivity 217.24 £0.002 166.11 £0.005 234.66 £0.001  241.91 +0.000 242.63 +0.014

(us/cm)

Organic 0.69 £0.000 1.65 +0.001 0.94 £0.000 1.56 +0.002 1.69 £0.001

carbon (%)

Organic 1.31 +£0.001 2.89 £0.005 1.65 +0.002 2.73 £0.001 2.96 £0.000

matter (%0)

Nitrogen (%) 0.19 £0.001 0.10 £0.000 0.30 £0.000 0.51 £0.002 0.67 £0.000

Phosphorous 22.83 +0.141 18.68 +0.100 23.11 £0.158 23.17 £0.160 23.21 +£0.100

(%)

K* [Cmol/kg] 0.27 +0.001 0.21 +0.000 0.29 £0.001 0.34 £0.002 0.52 £0.001

Na* 0.24 +0.000 0.20 £0.002 0.27 £0.000 0.30 £0.001 0.36 £0.005

[Cmol/kg]

ca® 2.61+0.010 1.90 £0.001 2.82 £0.002 2.83 +£0.024 3.14 +0.014

[Cmol/kg]

Mg? 2.33+£0.002 1.75 +£0.001 2.32 £0.001 2.46 +£0.002 2.49 +0.005

[Cmol/kg]

CEC 5.45 4.06 5.70 5.93 6.51

CIN 3.63 16.50 3.13 3.06 2.52

Moisture 10.40 +0.100 10.07 £0.141 10.59 £0.158 11.11 +£0.100 11.25+0.160

(%)

WHC (%) 37.60 +£0.000 36.95 +£0.100 37.51 +£0.100 37.74 £0.141 37.98 £0.158

Porosity (%) 46.68 £0.141 45.79 £0.160 46.70 +£0.000 46.87 +0.158 47.11 +0.100

Results = Mean values + standard deviation
additional nutrients supplement and energy being supplied by the maize husk compost [3, 31] that microbially
mineralized the biostimulated soils that enhanced the improvement of the soil properties [29]. The pH and

éfi\\;s The Pharmaceutical and Chemical Journal
s

257



Oyedele AO et al The Pharmaceutical and Chemical Journal, 2016, 3(2):254-261

conductivity increase in maize husk compost amended soils with increase in maize husk compost concentration
enhanced more soil microbes to thrive for mineralization of amended soils in that sequence in Table (2). The
biohumification increase of maize husk compost increase in the mineralized maize husk compost amended soils
might be responsible for the sequential increase of organic carbon and organic matter in order of 300g of MHCAS <
450g of MHCAS < 600g of MHCAS in Table (2). The observed sequential reduction in C/N with increase in maize
husk compost loading in maize husk compost amended soils in Table (2) was due to the microbial fixation of
nitrogen from atmosphere into the amended soils [29].

100 A
(TPH -
Reduction) % 50 - O COPS
W 300g of
MHCAS
0 - T 1
15 30 45 60 75 90
Time (Days)

Figure 1: Total Petroleum Hydrocarbons (TPH) % reduction of Maize Husk Compost Amended Soil (MHCAS) for
90 days of Biostimulation Study

100 -
80 -
60 -
(B. E) % @ 300g of
40 - MHCAS
W 450g of
20 - MHCAS
0 -, T T T T T T
15 30 45 60 75 90
Time (Days)

Figure 2: Biostimulation Efficiency (B. E) % of Maize Husk Compost Amended Soil (MHCAS) for 90 days of
Biostimulation Study
The increase in moisture, WHC and porosity with increase in maize husk compost in maize husk compost amended
soils that was in line with the submissions of Ezeaku [12] may be due to the soil aeration and physiochemical
improvement Table (2). There were increases in TPH reduction (%) and biostimulation efficiency (B. E) % with
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increase in maize husk compost loading in maize husk compost amended soils respectively. The TPH reduction (%)
and increased B. E (%) results are in line with the findings of Agarry et al [32]; Ahmed et al [33]; Rowland et al
[34]. The increase in the biodegradation factors like time, nutrients, pH, and moisture level with increase in maize
husk compost concentration during bioremediation process may be considered to optimize the biodegradation of
TPH in maize husk compost amended soils [35]. The highest TPH reduction (%) and increased B. E (%) were
observed in 600g of maize husk compost amended soils respectively (82.04% and 88.93%) > 450g of maize husk
compost amended soils (67.52% and 86.55%) > 300g of maize husk compost amended soils (56.96% and 84.06%)
till the 90" day of the study. The results observations may be due to the cellulose, hemi-cellulose, lignin, phosphorus
and nitrogen ratio in the different plant residues like maize husk as well as in the animal dung wastes which
enhanced microorganism utilization of crude oil for carbon and energy source [36] for growth, population to degrade
crude oil in maize husk compost amended soils [32] [37]. Meanwhile, the total petroleum hydrocarbons TPH (%)
reduction level in the crude oil polluted soil (COPS) control (2) system was observed to be 10 % Fig. (1) at the end
of 90 days study period. The reduction may be due to the presence of indigenous petrophile microbes in the crude oil
contaminated soil that utilized carbon and energy in the crude oil for their metabolism.

Conclusion

This research work was carried out to reveal the effects of 300g, 450g, and 600g concentration variation of the
maize husk compost (MHC) samples in experimental pots each containing 1kg of 100ml crude oil artificial polluted
soil for 90 days of study period. The remediation process was followed by monitoring the decrease and increase in
the TPH of the contaminated soil. There was highest TPH reduction (%) and increased B. E (%) observation in 600g
of maize husk compost amended soils respectively (82.04% and 88.93%) > 450g of maize husk compost amended
soils (67.52% and 86.55%) > 300g of maize husk compost amended soils (56.96% and 84.06%) for the study period
of 90 days. Apart from massive soil nutrient improvement, Maize husk compost (MHC) was a tested organic
fertilizer in degrading TPH in crude oil contaminated soil.
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