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Abstract: The efficacy of cattle bone powder in biostimulation of farmland polluted with diesel in Uturu-Abia
State, Nigeria, was investigated. This was done by estimating the bioloads which include: Total diesel
degrading bacteria count(TDDBC),Nitrifying bacteria count(NBC), Phosphate solubilising bacteria
count(PSBC) and Total heterotrophic bacteria count(THBC).The bioloads were estimated using the spread
plate method at 24hrs,21days and 42days after biostimulation. The bioloads for THBC were from 2.6x10"+0.1
1o 6.8x10°+0.0, which was the highest bacteria count among all the groups while the bioloads for NBC were
from 1.6x10°+0.3 to 3.4x10°+0.1, which were the least among all the bacteria species determined. The results
gotten showed that in the polluted portion without treatment (group” P”), the bioloads were decreasing
significantly(P<0.05) with time from, 1.9x10°£0.1 to 1.6x10°+0.1 for NBC,from 2.8x10°+0.1 to 2.6x10°+0.1 for
THBC, from 2.0x10"£0.3 to 1.9x10°+0.0 for PSBC. The bioloads for other treatment groups “L’,’M”, “H”,
increased significantly(P<0.05).The results gotten so far suggest that the population of the microorganisms in
the polluted portions treated with cattle bone powder were stimulated as a result of the introduction of the
cattle bone powder ,hence, improvement on the fertility of the soil.
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I.  Introduction

Soil is part of the terrestrial environment and support all terrestrial life forms [1].Crude oil or petroleum
drilling began in Nigeria as far back as 1958 by Shell Company Ltd. in Eastern Niger Delta of Nigeria. Nigeria,
being one of the nations that depend on crude as their major source of income has attracted a lot of foreign-oil
investors in the crude oil industries presently apart from Shell Company Ltd. One of the major challenges which
crude oil industries are facing presently is how to control crude oil pollution in the environment. These
companies are always searching for cost effective methods of controlling this environmental pollution
[2].Diesel, being one of the fractional distillation products of crude o0il[3],is being used in trucks, trains and sub
trains Engines [4],[5]. Using crude oil and its fractional distillation products have caused a lot of environmental
pollution and modification of the environment [6], [7].

The environmental pollution caused by crude oil and its fractional distillation products have affected
the soil ecosystem by adsorption to soil particles, induction of soil nitrogen deficiency, phosphorous and other
physicochemical parameters of the soil[§]. [9] has reported that soil pollution influences the activities of
enzymes in the soil. The soluble compounds in diesel have been reported to be toxic to aquatic organisms, other
animals and human beings[10],[11],[12],[13]. Bioistimulation involves nutrient enhancement of microbial
breakdown of organic waste[14].Natural manure such as poultry manure,compost and artifitial manure such as
fertilizer have been reported to improve microbial degradation of organic wastes[15], [16], [3]. Also, calcium
supplements have been reported to support microbial growth, thus, enhancing biodegradation [12].Such calcium
supplements include: egg shells, periwinkle shell and animal bones.

1.1. Justification of the work
A lot of research had been carried out on the effects of crude oil spillage on soil and water but not
mainly on the various fractions of crude oil such as diesel. This research intended to close this gap.

1.2. Aim

We aimed at evaluating the efficacy of cattle bone powder as supplements in biostimulation of diesel
polluted soil by evaluating the predominant bacteria species in terms of prevalence, diversity and bioload,
thereby determining whether the soil fertility improved with time.
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II.  Materials and methods
2.1. Description of study area
This research was carried out in Abia State University,Uturu-Abia State,Nigeria.Uturu is under
Isuikwuato Local Government(L.G.A.) Area, Abia State, Nigeria. It is located on latitude 7°.6' North and
longitude 6° East [17]. This area has a sandy/loamy soil rich enough for farming which is the main occupation
of the people in the area. The area has two seasons,rainy and dry seasons. The rainy season is from April-
September, while the dry season is from October to March every year.

2.2. Sources of materials

All chemicals used in this study were of analytical grade and purchased from Sigma Chemical
Company, St. Louis, Missouri, USA. The cattle bone used was obtained from Nkwo Nnewi Abatoir, in
Anambra State of Nigeria. The diesel used was obtained from Nigeria National Petroleum Co-operation (NNPC)
mega station, Owerri-Imo State, Nigeria. 20litres capacity plastic container previously unused was obtained and
thoroughly washed and rinsed with sterile distilled water.

2.3. Soil preparation

A portion of land at Abia State University botanical garden was cleared and divided into five
experimental cells of 1m? and 1m? apart demarcated with wooden box. Two were used as controls-polluted
without treatment and unpolluted(negative and positive controls).

2.4. Pollution and treatment
Three cells were polluted with diesel in the ratio of 3-2-1 litres for heavy,moderate and light
pollution.These were treated with 490g/cell of cattle bone powder.

2.5. Soil sampling

Sampling was done according to the treatments. 0-10cm soil was augured and 5-11g soil collected
using spatula into a sterile bottle. This was done at three randomly selected spots and bucked together to give a
complete sample. The samples were taken to Abia State University(ABSU) laboratory for onward analysis.

2.6. Cattle bone application
Cattle bone powder was applied using broadcasting and tilling method to the relevant cells.

2.7. Microbiological analysis

The various soils samples were cultured on different culture media including Nutrient Agar, McConkey
agar, mineral salt Agar and other media to obtain the desired bacterial growth. The bioload was estimated using
the method of [2],involving the spread plate technique of [18].

III.  Results and analysis

The values for bioloads of various bacteria groups were represented in tables 1-3.These were subjected
to statistical analysis using Duncan’s Multiple range of tests and regression analysi as was described by [19].
There were significant increase in values from 24hrs to 42days after biostimulation with bone powder among all
the groups “L”, “M”, “H”,”P” and “0”, for all the bacteria species, NBC,THBC,TDDBC and PSBC. Group “L”
showed the highest increase from 2.9x10* £0.7 t03.3x10%+0.3, 6.4x10°£0.1 to 6.7 x10° £0.1,3.7x 10°+0.1 to
3.9x10"+0.2 for NBC,THBC,TDDBC PSBC from 24hrs to 42days after biostimulation. This was followed by
group “M” and “H” respectively. While the wvalues for all the treatment groups increased
significantly(P<0.05)towards the positive control group with time, the negative control(polluted without
treatment) decreased significantly(P<0.05) with time when compared to other groups from,2.2x10°+0.1 to
1.8x10°+0.1,2.8x10*£0.1 ~ 2.6x10*+0.1,1.9x10°+0.2 to  1.6x10°+0.32.0x10*: to  1.9x10°£0.0  for
NBC,THBC,TDDBC and PSBC(Tables 1-3). There was no significant change in values for positive control
throughout the period for t all the bacteria species analyzed (see Tables 1-3).

IV.  Discussion

Bioload is one of the parameters used in investigating the population of microorganisms in soil, which
determines the activities of soil microorganisms in the soil.Soil microorganisms have been reported by Mette
and Anne [1] to be one of the indicators of soil health. The progressive decrease with time which was recorded
in “P” group might be as a result of the effect of diesel pollution on the soil microorganisms in the portion of
the soil. [7 ] has reported that crude oil pollution on soil affects the population of microorganisms in the soil
adversely, thereby reducing the fertility of the soil. The increase in bioloads for other groups treated with cattle
bone powder towards positive control suggests that the population of the microbial species investigated might
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have been stimulated as a result of the bone powder introduced in those portions of the soil. This was in line
with the similar work done by [14], [20].Light polluted portion “L” recorded the highest increase of bioload
among all the treatment groups followed by groups “M” and “H”. This might be as a result of the concentration
of the contaminants in the portions of the soil. [12] has reported that the extent of crude pollution on the
microbial population is dependent on the concentration of the contaminants in the crude oil.

However, among all the bacteria species investigated, THBC showed the highest bacteria count between
2.6x10*0.1 to 6.8x10°+0.2.This suggests that THB is the most prevalent bacteria species in the soil. NBC
showed the least values for bacteria count throughout the period, between 1.9x10°+0.2 to 1.6x10°+0.3. This also
suggested that NB is the least prevalent specie.

4.1. Conclusion

The population of the microorganisms in the soil portions polluted and treated with bone powder was
stimulated as a result of the bone powder introduced. Therefore, the use of bone powder is highly
recommendable for use during bioremediation of diesel polluted soil since the result of this work has proved that
it is efficient. Total heterotrophic bacteria (THB), Phosphate solublizing bacteria (PSB) and Total diesel
degrading bacteria (TDDB) are to be used during bioaugumentation of diesel polluted soil. While nitrifying
bacteria may not be used during bioaugumentation since it is the least prevalent.Research should be directed
toward the effects of pollution of other fractional distillation products of crude oil , their biostimulation using
bone powder and NPK-fertilizer.However,research should be directedtoward Using different types of organic
manure such as poultry manure, wood ash, along with cattle powder to find out which one is more effective.
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Table 1. Bioload of top surface soil polluted with diesel 24hrs after biostimulation with cattle bone powder

Bac.grp.(cfu/g) (0] L M H P

NBC 3.4X10%+0.1 2.9x10*+0.5 2.4x10%°+0.1 1.9x10°™0.3 1.9x10%+0.2
THBC 6.7x10%0.1 6.4x10°+0.2 4.9x107°+0.2 3.1x10°%0.1 2.8x10%°+0.1
TDDBC 4.2x10%+0.1 3.7x10°°+0.1 2.3x10%+0.1 2.3x10%+0.1 2.2x10%°+0.1
PSBC 4.4x10*+0.1 3.6x10%°+0.7 3.1x10%+ 2.4x10%+0.3 2.0x10%+0.3
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Values are mean + standard deviations of triplicate determination. Values in the same row having the same
letters are not significantly different.(P<0.05).

Table 2. Bioload of top surface soil polluted with diesel 21days after biostimulation with cattle bone powder

Bac.grp.(cfu/g) (6] L M H P

NBC 3.4X10%+0.1 3.0x10%+0.1 2.4x10%°+0.0 2.1x10%+0.2 1.8x10%+0.1
THBC 6.8x10°+0.0 6.5x10°+0.1 5.4x107+0.1 3.6x10%°+0.1 2.7x10%+0.2
TDDBC 4.2x10°°+0.0 3.8 X10%+0.1 2.5 x10°°+0.1 2.4x10%°+0.1 1.9x10*+0.1
PSBC 4.4x10%4+0.0 4.0 X10*+0.1 3.3 x10%°+0.2 2.6x10%°+0.2 2.0x10%+0.3

Values are mean + standard deviations of triplicate determination. Values in the same row having the same
letters are not significantly different.(P<0.05)

Table 3. Bioload of top surface soil polluted with diesel 42days after biostimulation with cattle bone powder

0 L M H p
3.4X10%+0.3 3.3X10%+0.3 2.7 x10%+0.0 2.3 x10%+0.2 1.6x10%+0.1
6.8x10%+0.2 6.7x10%+0.1 5.6x107+0.4 3.9x10%+0.1 2.6 x10%+0.1
4.2x10°°+0.0 3.9X10%*+0.2 2.8 x10*+01 2.6x10°+0.1 1.8x10%°+0.1
4.4x10%4+0.0 4.1X10%+0.3 3.5 x10%+0.2 2.7 x10°°+0.4 1.9 x10°+0.0

Values are mean + standard deviations of triplicate determination. Values in the same row having the same
letters are not significantly different.(P<0.05)

Abbreviations and the meaning
TDDBC: Total diesel degrading bacteria count
NBC: Nitrifying bacteria count
PSBC: Phosphate solubilizing bacteria count
THBC: Total heterotrophic bacteria count

L: Light polluted cell with treatment
M: Moderate polluted cell with treatment
H: Heavy polluted cell with treatment
O: Positive control (unpolluted cell)
P: Negative control (polluted cell without treatment)
Bac. Grp: Bacteria group

NB: Nitrifying bacteria

TDDB:Total diesel degrading bacteria
Total heterotrophic bacteria
NNPC:Nigeria National Petroleum Co-Operation
PSB:Phosphate solubilizing bacteria.
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