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Abstract.

The present study investigated the potentials of two blended organic

manures (Fish and pig wastes) as biostimulating agents in restoring

induced crude oil pollution in soil samples. 200g of soil sample was
@ @ obtained and polluted with 10% (w/w) of Bonny crude. 30g of the

blended mixture of the organic manure (fish and pig wastes) were added

to the polluted soil samples. The bioremediated soil was subsequently
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1 Introduction

Despite the numerous government legal framework at protecting the Nigeria environment and
ecosystem, there has been a geometric increase in the challenges facing the environment especially in
the Niger delta region where environmental degradation occasioned by constant hydrocarbon
production, oil spillages and gas flaring still persist (Leke and Leke, 2019). Crude oil pollution has
become a serious problem confronting industry stakeholders, scientists and regulators. In Africa,
Nigeria remains one of the largest crude oil producers and with a sharp rise in urbanization,
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environmental pollution arising from petroleum hydrocarbon has increased greatly, hence the need for
remediation (Xu et al, 2018). Undoubtedly, the anthropogenic activities of man is evidently relied on
oil in meeting its energy demands, which has continued to boom the petrochemical industry and has
further led to the deterioration of the environment (Xue et al, 2015). It is reported that several million
barrels of crude oil was spilled into the ecosystem in Nigeria with an over four thousand incidents
occurring in the Niger delta region. These discharges and spills of hydrocarbon occur in the process of
production, storage, transportation, refining, processing, leakage accidents, and during overhauls of
refineries. (Chaerun et al, 2004; Chen et al, 2015). The disturbing cases of crude oil spillage and its
attendant consequences on agricultural soils, aquatic lives and underground water have been
previously reported (Sikkema et al, 1995). These hydrocarbons contain hundreds of substances that
includes heavy metals, polycyclic aromatic hydrocarbons and most of these chemicals have been listed
as priority pollutants which have the tendency to persist in the environment over a long period of time.
Ameliorating crude oil polluted soil has become a complex project. Several remediation technigques
have been deployed by experts to clean-up polluted sites in other to attain a sustainable environment.
The composition, complexity, high refractory index and insolubility of crude oil have greatly
increased the difficulties in remediation. At present, various physicochemical methods deployed in
remediating crude oil polluted sites such as base catalyzed dechlorination, oxidation and high
temperature incineration. However, these methods are effective in remediating an expansive polluted
soil quickly but are costly and have the tendency to result in secondary pollution. Bioremediation have
shown to be eco-friendly and cost effective in the restoration of crude oil polluted sites (Osazee et al,
2005). Bioremediation technology utilizes biological agents as biostimulants to degrade pollutants.
Crude oil pollution tends to increase the soils’ carbon content and depletes the nitrates and phosphorus
levels, destroys soil microbes and prevents the exchange of oxygen between the soil and atmosphere
[Okolo et al, 2005; Adedokun and Ataga, 2007; Onuoha et al, 2003). Organic manure improves soil
fertility by adding nutrients to the soil and it has been reported to boost plant growth in crude oil
polluted soils and as such serves as a better alternative bioremediation method (Okolo et al, 2005).
Organic manure such as fish wastes serves as biostimulating agents by utilizing the resident microbial
populations to remediate a contaminated soil by catalyzing the natural attenuation process. In view of
these challenges, this study was designed at investigating the potentials of a blended mixture of fish
and piggery wastes as bioremediants in restoring crude oil polluted soil.

2 Materials and method

2.1 Sample collection

Soil sample was collected from the demonstration farm of Bioresources Development Centre
Ubulu-uku, in Aniocha North Local government area of Delta state, Nigeria. 0-15 cm of the top soil
was collected using a sterile manual shovel, a method described by (Ogbonna et al, 2007). The soil
samples were passed through a 2.0 mm sieve (pore size) and conveyed in a black sterile perforated
polythene bags for aeration to the laboratory for analysis. The crude oil used for the contamination of
the soil sample was Bonny light crude obtained from the analysis Laboratory of the Nigerian National
Petroleum Cooperation (NNPC), Moscow road, Port Harcourt, Rivers State Nigeria.

The fish wastes were collected from Harimon fish farm situated at No. 4 Federal housing estate
road off Okpanam road, Asaba, Delta state. It was dried for two weeks, while the piggery wastes was
collected from Prince Manner’s farm Off Asaba-Ibusa road. All the reagents for the experiments were
procured at Reigneth stores Intl Ltd., Mushin, Lagos and were of analytical grade. About 100 g each
of the fish and pig wastes were air-dried for two weeks, grounded and mixed with a mechanical mixer
in the ratio of 1:1. The control, polluted and amended soil samples were analyzed for their
physicochemical properties.

2.2. Sample preparation
Debris, stones and coarse gravels were removed from the collected soil samples and was ground
using a mortar and pestle and then passed through a 2.0 mm stainless steel sieve (pore size). The soil
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samples were air-dried at room temperature of between 25°-36°C and relative humidity of 20 to 50%
for seven days and was conveyed in a black sterile perforated polythene bags for aeration to the lab for
analysis of specific physicochemical properties as described below.

2.3 Physicochemical analysis

2.3.1 Analysis of heavy metals

1 gram of each soil sample was weighed out and transferred into an empty beaker of 250 ml. To
this soil sample, 15 ml of a mixture of HNOj3, H.SO., and HCIO, in a ratio of 5:1:1 was added. The
mixture was gently stirred and placed on a heating mantle up to a temperature of 800° C until a clear
solution was obtained. The mixture was then cooled and made up to 30 ml with 2% HNOs; and filtered.
The concentrations of the heavy metals (Cd, Cr, As, Pb, Cu) were obtained using an atomic absorption
spectrophotometer (Shimadzu AA-670, Japan) after the preparation of a reference solution.

2.3.2 Analysis of polycyclic aromatic hydrocarbons

2 g of the soil samples were weighed into a clean extraction container (50 ml beaker). 10 g of
sodium sulphate was added and mixed together with the sample. 10 ml of dichloromethane was used
as the extraction solvent. The mixtures were carefully filtered into clean solvent rinsed extraction
bottle, using filter paper fitted into Buchner funnels. The extraction was concentrated to 2 ml and then
transferred for clean-up/separation. The dichloromethane extract was cleaned- up by passing through a
column packed with anhydrous Na,SO, salt. The resulting extract was concentrated on a rotary
evaporator to give an oily residue which was again dissolved in 1 ml CH.Cl, and 1 puL was injected
into the GC for analysis.

2.3.3 Analysis of pH

About 20 g of soil samples were weighed and transferred into a 100 ml beaker. Into this sample,
40 ml of distilled water was added and stirred properly with a glass rod and was allowed to stand for
30 mins with intermittent stirring. The pH meter was calibrated with a buffer solution with a pH value
of 7 and then adjusted to known pH buffer solutions of 4.0 and 9.3. To the soil water suspension, an
electrode was immersed and pH value was estimated from the readings on the meter.

2.3.4 Analysis of total nitrogen

Kjeldahl method (Jackson, 1973) was deployed with slight modifications. 20 g of soil sample was
transferred to Kjeldahl flask and mixed with 20 ml distilled water. The flask was swirled for about 2
mins and allowed to stand for 30 mins. To the soil water suspension, 10 ml of a mixture of K;SOs,
FeSO, and CuSO, was added in the ratio of 10:1:0.5 respectively. 30 ml of concentrated H.SO4 was
added to the above mixture and swirled for 2mins. The flask was heated for about 15 min and rotated
intermittently. The flask was allowed to cool and about 100 ml of distilled water was added to the
mixture to avoid coagulation. This process was followed by distillation, the liquid portion of the
mixture in the Kjeldhal flask was transferred to a distillation flask leaving behind the soil in the flask.
The soil residue was washed for six times with 50 ml of distilled water and the liquid transferred to a
distillation flask after allowing soil residues to settle for few seconds each time. Few pieces of glass
bids and granulated zinc was added to the flask to ensure effective boiling process. The flask was then
placed on a distillation stand and fitted to a condenser. 25 ml of 4% HsBO4 was poured in a 250 ml
beaker with 3 drops of a mixed indictor and was placed under the condenser. (The beaker tip should be
deep in the boric acid solution). The distillation flask was held at an angle of 45° and 100 ml of 10M
NaOH was added to it. The distillation flask was connected with the condenser by splesh head and the
contents of both flasks was carefully swirled followed by heating of the flask. 150 ml of the distillate
was collected with absorption of ammonia. The liberation of ammonia was tested by holding wet red
litmus paper to the tip of the condenser. The boric acid was back titrated with standard H.SO, until the
blue color disappears. Blank sample was running simultaneously. Total Nitrogen in the soil was
calculated with the below expression:

Total Nitrogen(TN) = (Ve ~V) I\\fv 0014 100,
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where Vs is the vol. of H,SO, for sample titration, Vg is the vol. of H,SO, for blank titration, M is
th3.5 molarity of H.SO, and W is the weight of soil.

2.3.5 Analysis of total petroleum hydrocarbon

Total petroleum hydrocarbon was determined by gravimetric process as described by [13].

100g of the soil samples was refluxed with a mixture of 3 g KOH and 100cm? methanol for 2h.
The mixture was filtered and the filtrate extracted twice with 25 cm? redistilled hexane. The combined
extract was evaporated to about 1.0 cm? and was subjected to clean-up with a short silica gel column.
After elution with purified n-hexane, the oil was isolated for weighing by evaporation of the hexane.
Coefficient of variation for the triplicate determination of each sample was of the order of 20-30%.

2.3.6 Determination of organic matter

The soil organic matter was estimated using the loss on ignition LOI procedure as described by
(Zhang and Wang, 2014). 10 g of the soil samples were placed in a 35 ml porcelain crucible and dried
in an oven at 105°C. It was later placed in a desiccator to cool. This process was repeated until a
constant mass for the soil and crucible was obtained. A muffle furnace was preheated to 360°C and
soil samples were heated in the furnace at that temperature for 2h. After 2h, the crucible with soil was
removed from the furnace and placed in a desiccator to cool before being weighed. The organic matter
was evaluated as the difference between the mass of the crucible and the soil before and after heating.

2.3.7 Analysis of total potassium and phosphorus

Phosphorus was extracted according to method described by Olsen using a 0.5M NaHCO3;
solution adjusted to a pH of 8.5 (Olsen, 1954). Total Phosphorus was determined using colorimetric
method. Phosphomolybedenum blue and ascorbic acid (reducing agent) and Sb was added to sample
to give a stable Mo-P-Sb compound. After 10 mins, the color intensity was read at 882 nm and
recorded using spectronic 20 colorimeter. Total Potassium was analyzed using atomic absorption
spectrophotometric method after extraction with 1IN NH4OAc with the pH adjusted to 7.0. Standard
stock was prepared by dissolving KCI in H,O. Sodium was added to the final standard and test sample
to reduce ionization interference. Potassium was determined at 7665A wavelength

2.3.8 Determination of fungal population using potato dextrose agar

The Potato Dextrose Agar (PDA) plates were prepared according the manufacturer’s
specifications. About 1.0 g of each soil samples was serially diluted up to ten folds dilution. 0.1 ml (at
10 dilution) of the polluted crude oil soil solution was added onto PDA plates each for determination
of viable fungal cell counts. These plates were incubated at room temperature (31+£3°C) for 5 days.
The counts obtained were multiplied by the dilution factor to obtain the fungal cell counts per gram of
soil.

2.3.9 Determination of hydrocarbon utilizing fungal population

0.1 ml of the crude oil polluted soil sample was infused onto a modified mineral salt medium
(Mills, et al, 1978). Sterile filter paper was soaked in a filter and was aseptically placed onto the cover
of the inverted plate and incubated for 6 days at 37°C, a vapor phase transfer method (Okpokwasili
and Amanchukwu, 1988). The experiment was carried out n triplicates and the average mean counts of
colonies were recorded and used to the calculation of colony forming unit multiplied by the dilution
factors for hydrocarbon utilization within the fungal population. The isolated colonies of mineral salts
medium were further purified by sub culturing onto PDA medium to obtain a pure culture.

2.3.10 Bioremediation experiment design
The bioremediation process was carried out for 5 weeks between January — May, 2020. The soil
samples were divided into 6 treatment reactors as shown in Fig. 1.
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Figure 1. Dividing soil samples into 6 treatment reactors (illustrative representations of the
experimental setup).
Puc. 1. Paznenenne o6pa3ioB MOYBHI HA 6 peaKTOPOB st 00padOTKH (MILTIOCTPaTUBHOE
MIpeICTaBICHNE KCTIEPUMEHTATHHON YCTaHOBKH).

2.3.11 Bioremediation study

120 g of each soil sample was measured into plastic containers labeled C, Al, A2, A3, A4 and A5
respectively. Sample C was used as the control while sample Al, A2, A3, A4 and A5 represents
different time intervals of 1, 2, 3, 4 and 5 weeks respectively as indicated in figure 1.0. The soil
sample in each plastic container was contaminated with 10% (w/w) Bony light crude oil and
thoroughly mixed together to achieve severe contamination because above 3% concentration oil has
been reported to be increasingly deleterious to soil biota and crop growth (Osuji and Onojake, 2004).
The samples were allowed for one week for proper infiltration after which 30 g of blended amendment
agent was added to A1, A2, A3, A4 and A5 representing each time interval.

Each container except C (control) was made up to 50% volume by distilled water for proper
percolation. Water was sprinkled on Al, A2, A3, A4 and A5 sporadically when the water level gets
low, in line with the published work (Odukuma, 2003; Odukuma, 2006).

2.3.12 Determination of crude oil bioremediation

The method of (Nrior and Echezolom, 2016)] was used in calculating the percentage of
bioremediation in the experiment. The process followed the steps stated below:

- STEP 1: The amount of pollutant remediated equals to initial concentration of pollutant (week
1) minus the final concentration of pollutant at the end experiment (Last week).

- STEP 2: The percentage (%) of bioremediation equals amount of pollutants divided by the
initial concentration of pollutant (Week 1) multiply by 100.

AR (rpH)) = Ic — Fc 1)
% B (trHipaH)) = ?—5 x 100 (2)

where AR is the amount remediated; % B is the percentage bioremediation; Ic is the initial
concentration of pollutant; Fc is the final concentration of pollutant.

2.3.13. Statistical analysis
The experiment was carried out in triplicates and data analyzed using Statistical Package for
Social Sciences (SPSS), incident 21.0 software. The results were expressed as mean =+ standard error
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of mean, the comparison for significance between the control and the experimental group was
analyzed using analysis of variance (ANOVA) and the level of significance was P < 0.05.

3 Results and discussion

The result of the physicochemical analysis of the soil samples are presented in Table 1.
Table 1. Physicochemical properties of soil sample (control), crude oil polluted soil sample and
blended amended soil sample

Taba. 1. Ou3nKo-XUMHUIECKHE CBOKMCTBA 00Opasiia MoYBhl (KOHTPOJBHBINH 00paselr), o0pasiia MOYBHI,
3arpsi3HEHHOT'O CBIPOH He(pThIO, U 00pa3iia MOYBKI C JOOABICHUEM CMECH

Soil parameters Soil sample | Soil sample + | Soil sample + Crude
(Control) Crude oil oil + Blended manure

Total nitrogen (%), (TN) 0.24 0.15 0.28

Organic matter (%), (OM) 7.18 5.54 7.14

Total Potassium, (TK) mg/kg 0.47 0.21 0.43

Total Phosphorus, (TP) mg/kg 0.53 0.29 0.49

pH 6.26 5.38 6.53

Sand (%) 9.16 8.24 8.06

Silt (%) 14.34 18.50 19.13

Clay (%) 76.50 73.26 72.81

Moisture content (%) 10.51 10.26 10.43

The analysis revealed that TN, OM, TK and TP decreased as the soil samples were polluted with
crude oil. After, bioremediation with the blended amendment agents, the values increased significantly
when compared side by side with when the soil was polluted which suggests a gradual restoration of
the soil. TN was seen to increase from 0.15% to 0.28 after remediation, 0.49 mg/kg respectively. The
pH of the crude oil polluted and bioremediated soil samples revealed to be slightly acidic. The soil
samples showed high clayey composition. On the other hand, the moisture content was seen to have
decreased after the soil sample were polluted with crude oil and increased after remediation (10.26%
to 10.43 %) when compared with the control. (10.51%)

Table 2. Fungal population (10* cfu/g)
Ta6a. 2. Tonynsuus rputos (104 KOE/r)

Soil sample/ 0 1 2 3 4 5

week

Control 23.12 22.93 20.91 20.23 19.34 17.01
+2.98 +1.57 +1.92 +1.09 +2.09 +1.23

aBr'Tf:r?;f y 31.32 36.18 38.12 44.10 47.23 55.23

cample +2.17* +2 04% +2.10% 1+ 93% +1.98% +1.23%

Values are expressed as mean + standard deviation.
Values in asterisk are considered statistically significant at P < 0.05.
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The fungal populations in the soil samples are presented in Table 2. The values of the control soil
samples revealed that the fungal populations decreased from 23.12+2.98 (10 cfu/g) to 17.01+1.23
(10 cfu/g). On the other hand, the fungal populations of the blended amended samples increased from
31.32+2.17 to 55.23+£1.23 (10 cfu/g) as the study period increased. On weekly basis, the fungal load
increased throughout the duration of the study.

The hydrocarbon utilizing fungal populations in the soil samples were represented on Table 3.
The result revealed that the fungal load decreased significantly in the control soil sample throughout
the duration of the study. After remediation, the fungal load was seen to have increased as the week
progresses.

Table 3. Hydrocarbon utilizing fungal population (10 cfu/g)
Taou. 3. [onynsiuus rpu6oB, ucnonb3yonux yriaesogopoast (10* KOE/T)

Soil sample/ 0 1 9 3 4 5

week

Control 15.12 13.27 12.07 10.56 8.76 5.63
+0.32 +0.56 +1.43 +1.64 +0.78 +1.23

Blended amended | 20.57 24.56 25.12 28.82.10 31.67 34.06

sample +0.53* +0.64* +1.10* +1.93* +0.95* +1.61%

Values are expressed as mean + standard deviation.

Values in asterisk are considered statistically significant at P < 0.05.

The result of the analysis revealed that copper (Cu) had the highest concentration when the soil
sample was polluted with crude oil followed by lead (Pb). The values of Cu and Pb increased
significantly when compared with the control soil sample (P < 0.05). There is a slight increase in the
concentrations of Cd, As and Cr when compared with the control. The heavy metal values in the
polluted soil samples ranged from between 2.3440.24 to 24.16+1.65 mg/kg. After remediation, it can
be seen that the levels of lead and copper were significantly reduced on application of the blended
amendment agent.

Table 4. Concentrations of heavy metals
Taba. 4. KoHIIeHTpaIiy TsDKEITbIX METaIOB

Heavy metals Soil sample (Control) | Soil sampl_e Soil sample + Crude oil + BBA
[ma/kg] + Crude oil [mg/kg] | [mg/kg]

Cd 0.67+£0.14 2.28+0.43 1.18+0.12

Pb 5.05+1.48 20.65+0.52* 13.86+0.22%*

Cr 0.98+0.23 2.34+0.24 1.16+0.11

Cu 4.91+1.60 24.16+1.65%* 11.23+1.10*

As 0.05+0.01 2.98+0.06 1.86+0.01

Values are expressed as mean + standard deviation.

Values in asterisk are considered statistically significant at P < 0.05.

The concentrations of TPH and PAH in the soil samples are presented in Table 5. Results
revealed that TPH and PAH concentrations decreased in a time dependent manner; the values of the
concentrations of TPH ranged from 18360 to 10056 mg/kg and PAH ranged from 47.11 to 4.5 mg/kg.

The individual PAH in blended amended soil sample are presented in Table 6. The concentration
of the individual PAHs was seen to decrease as the amended soil samples were treated with the
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bioremediants within the duration of study. Naphthalene was seen to have the most significant
decrease in concentration at 4 and 5 weeks witnessing BDL values.

Table 5. Concentration of TPH and PAH
Taba. 5. Konuentparuu OHY u [TAY

Sample Time (Week) TPH (mg/kg) PAH (mg/kg)
C (control) 0 27550 47.11

Al 1 18360 15.76

A2 2 15175 13.43

A3 3 12340 9.17

A4 4 11118 6.06

A5 5 11056 4.52

Table 6. Concentrations of Polycyclic Aromatic Hydrocarbon
Taba. 6. KonueHntparius TOTUIUKINIECKUX apOMATHUECKUX YTIECBOJIOPOI0B

Week:
PAHs, mg/kg
0 1 2 3 4 5
2-methylenaphthlene 1.10 0.29 0.26 0.12 0.09 0.06
Acenaphthene 0.95 0.46 0.38 0.24 0.13 0.11
Acanapthylene 0.26 0.81 0.62 0.43 0.25 0.21
Anthracene 3.56 1.04 0.75 0.41 0.24 0.20
Benzo (a) anthracene 2.78 0.77 0.68 0.33 0.17 0.13
Benzo (a) pyrene 2.37 1.05 0.88 0.53 0.32 0.28
Benzo (b) fluoranthene 4.15 0.91 0.85 0.71 0.36 0.34
Benzo (g,h,i) prylene 2.98 0.86 0.58 0.32 0.10 0.099
Benzo (k) fluoranthene 2.36 1.16 1.04 0.74 0.64 0.58
Chrysene 2.98 1.14 1.10 0.94 0.46 0.42
Dibenzo (a,h) anthracene 2.31 1.15 1.11 0.94 0.72 0.69
Fluoranthene 7.10 2.12 1.48 0.84 0.62 0.59
Fluorene 2.01 0.61 0.58 0.32 0.20 0.18
Indeno (1,2,3) pyrene 2.14 0.12 0.09 0.04 0.01 BDL
Naphthalene 0.92 0.05 0.03 0.01 BDL BDL
Phenanthrene 2.04 1.09 0.98 0.52 0.31 0.23
Pyrene 5.10 2.13 2.02 1.73 1.44 1.41
* BDL.: Below Detectable Limit
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The concentration of TPH in the soil samples is presented in Figure 2. Results revealed that TPH
concentration decreased in time dependent manner; the values of the concentrations of TPH ranged
from 18,360 to 10,056 mg/kg.

The concentration of PAH in the soil samples are presented in Figure 3. Results revealed that
PAH concentrations decreased in time dependent manner; the values of the concentrations of PAH
ranged from 47.11 to 4.5 mg/kg.
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Weekly Treatments

Figure 2. Concentration of Total Petroleum Hydrocarbon (TPH) versus weekly treatment.
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Figure 3. Concentration of Polycyclic Aromatic Hydrocarbon (PAH) versus weekly treatment.
Puc. 3. KoHneHTpaIus NOJIHIUKINIECKIX apoMaTrnidecknx yrieBogopoos (ITAY) B 3aBucumocty ot
eXeHeleNNbHONW 00paboTKH.

Crude oil pollution is an increasing global problem affecting both developed and developing
countries. Crude oil is a mixture of wide varieties of constituents consisting primarily of hydrocarbons,
heavy metals and aromatic hydrocarbons.

These constituents have been shown to be toxic to plants and the soil ecosystem (Onuh et al,
2008). From the results of the study there was an appreciable decrease in the levels of PAHSs after the
first week of remediation with the blended mixture of the organic manure. There was a 90% reduction
in the concentrations of PAHS; this is in agreement with work reported by (Kelechi et al, 2019). This
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can be attributed to the fact that microbes utilize the chemical contaminants resident in the soil as a
source of energy and through a redox reaction chain, degrades the target contaminants in the crude oil
and into a useable energy source for the microbes (Osazee et al, 2019). Similarly, (Hill, and McCarty,
1967) reported that microbial flora are capable of degrading hydrocarbons in soil composted mixture.
The physicochemical properties such total nitrogen, phosphorus ion, potassium ion, organic matter and
pH were analyzed before and after remediation with the amendment agent. From the results, the levels
of total nitrogen, potassium ions and phosphorus ions increased significantly for the soil samples
polluted with crude oil. The high concentrations of TK and TP could be attributed to the rapid decay
and mineralization of organic and mineral materials in the soil; these processes lead to the release of
the elements (Nnaji et al, 2005). The decrease in total nitrogen and available nitrates in the soil sample
polluted with crude oil can be attributed to temporal immobilization of these nutrients by these
microbes (Jong, 1980). Nitrogen and phosphorus are among the most important mineral elements
needed for growth and productivity in plant. It was reported (Ogboghodo et al, 2004). The same where
he stated there was a decrease in nitrogen and pH value the in crude oil polluted soil. This work is also
in agreement with the work of (Alfreda and Ekene, 2011) where they observed an increase in the level
of total nitrogen, TK and TP after the application of poultry manure in a crude oil polluted soil. After
the first of remediation, it can be seen from the result that the levels of TN, TK and TP increased
significantly in the soil sample polluted with crude oil. This could be attributed to the fact that organic
manure has a balanced supply of nutrients including micro nutrients. There is also an increased soil
nutrients availability due to increased soil microbial activities in organic manures. Organic manure has
the potential of decomposing harmful element, improve soil structure and soil water availability (Si et
al, 2011). According to (Onuh et al, 2008), the level of TN was increased significantly on the
application of poultry manure and cow dung on crude oil polluted soil. The work is also in agreement
with (Kelechi et al, 2019) where they reported that TN, TP and TK increased as bioremediants was
added to the polluted soil sample.

From the result of the study, the fungal load was seen to have decreased in the crude oil polluted
soil sample when compared with the control. The decreased was consistent from week 0 through to
week 5.

This observation is in agreement with (Atlas, et al, 2011), who reported that the drop in the total
heterotrophic fungal count in the contaminated soil in the first week can be attributed to selective
inhibition of members of the microbial community as a result of the toxic component of petroleum and
also as a result, reduced aeration and upset of carbon/inorganic nutrient balance for the indigenous
population caused by the present of petroleum. After adding bioremediants the fungal population
increased from week 0 to week 5, which could be attribute to increased microbial activity. The result
of the analysis showed that the pH values of the soil sample in both polluted and amended soil samples
ranged from 5.38 — 6.53. This indicated that the pH of the soil sample was suitable for the growth of
the fungi. According to (Ogbonna, et al, 2007), bacteria can increase rapidly in the soil with pH value
ranging from 5.0 to 8.0.

Conclusion

The study was designed to test the efficacy of a blended mixture of organic manure (fish and
piggery waste) as potential biostimulating agent in restoring an induced crude oil polluted sample. The
result of the analysis reviewed that the bioremediants was able to degrade TPH and PAH by 60% and
90% respectively. Similarly, the blended organic manure was able to increase the levels of TN, TP,
TK, moisture content, organic matters and fungal load in the amended soil sample. Thus, the study
suggests that a blended mixture of fish and pig wastes can serve as excellent bioremediation agent
against a crude oil polluted soil.

References
1. Adedokun, O.M. and Ataga, A.E. (2007) Effect of amendments and bioaugmentation of soil polluted

with crude oil, automotive gasoline oil and spent engine oil on the growth of cowpea (vigna unguiculata. L walp)
Sci. Res. Essay 2 (5), 147-150.

TEXHUKA U TEXHOJIOI'MA I'OPHOI'O JJEJIA. 25 ISSN 2618-7434
2022. Nel. C. 16-30



v, Elebo A, Onyekwere O, Hassan N., Ottah S., Bando D. et al.
.} Bioremediation of crude oil contaminated soil using blended DOIl: 10.26730/2618-7434-2022-1-16-30
mixtures of fish and piggery wastes as bio-stimulating agents

2. Alfreda, O.N and Ekene, G.O (2011) Bioremediation of crude oil polluted soil using Bacteria and
poultry manure monitored through Soybean productivity. Pol. J. Environ. Stud, 21,171-176.

3. Atlas, R.M.,, Bragg, R.J. and Prince, R.C (1994) Petroleum biodegradation and oil spill bioremediation.
Nature 368, 413-418

4. Ayotamuno, M.J., Kogboara, R.B., Ogazi, S.O.T and Robert, S.D. (2006) Bioremediation of crude oil
polluted agricultural soil at Port Harcourt, Nigeria. Nigeria. J. applied energy (83) 1249-1257.

5. Chaerun, S. K., Tazaki, K., Asada, R. and Kogure, K. (2004) Bioremediation of coastal areas 5 years
after the Nakhodka oil spill in the Sea of Japan: isolation and characterization of hydrocarbon-degrading
bacteria. Environ. Int. 30, 911-922.

6. Chen, M., Xu, P., Zeng, G., Yang, C., Huang, D. and Zhang, J. (2015) Bioremediation of soils
contaminated with polycyclic aromatic hydrocarbons, petroleum, pesticides, chlorophenols and heavy metals by
composting: applications, microbes and future research needs. Biotechnol. Adv. 33, 745-755.

7. De Jong, E. (1980) The effect of a crude oil spill on cereals. Environ. Pollut. Ser. A: Ecol. Biol., 22,
187-196.

8. E.O. Kelechi, J.C.Igwe, U.C Aghalibe (2019) Bioremediation of crude oil polluted soil using poultry
droppings. Intl Journal of Biology Physics and Mathematics 2(1), 65-73.

9. Hill, D.W. and McCarty, P.L. (1967) Anaerobic degradation of selected chlorinated pesticides. J. water
Poll. Cont. Fed. (39)1259-1277.

10. International Oceanographic Commission (1982) The determination of petroleum hydrocarbons in
sediments. In manuals and guidelines of the 10C, vol 11. Paris: 10C, pp.11-5

11. Jackson M.L. (1973) Soil chemical analysis. Prentice Hall of Indian Pvt. Ltd., New Delhi.

12.Leke, J.O., and Leke, E.N. (2019) Environmental Sustainability and Development in Nigeria: Beyond
the Rhetoric Of Governance. International Journal of Development and Management Review, 14(1), 25-37

13. Mills, A.L., Breuil, C. and Colwell, R.R. (1978) Enumeration of petroleum-degrading marine and
estuarine microorganisms by the most probable number method. Can. J. Microbiology, 24, 552 — 557.

14. Nnaji, G.U., Mbagwu S.U. and Asadu, C.A. (2005) Changes in physical properties of soil under cassava
monocropping and organic waste amendments. Proceedings of the 19th Annual Conference of Farm
Management Association of Nigeria (FAMAN'05), October 18-20, Delsu, Asaba Campus, Delta State, pp: 374-
377.

15.Nrior, R.R. and Echezolom, C. (2016) Assessment of percentage bioremediation of petroleum
Hydrocarbon contaminated soil with stimulating agents. Current Studies in Comparative Education, Science and
Technology. 3 (1) 203-215.

16. Odukuma, L.O. and Dickson, A.A. (2003) Bioremediation of crude oil polluted tropical rainforest soil.
Global. J.Env. Sci. 2 (1), 29.

17.Ogboghodo, I.A., Erebor, E.B., Osemwota, |1.0 and Istekhale, H.H. (2004) The effects of application of
poultry manure to crude oil polluted soils in maize (Zea mays) growth and soil properties. Environ. Mon Assess.
9, 153.

18.Ogbonna, D.N., Iwegbue, C.M.I., Sokari, T.G. and Koko I.D. (2007). Effect of bioremediation on the
growth of Okra (Abelmoschus esculentus) in the Niger Delta soil. Environmentalist, 27 (2),303-307.

19. Okolo, J.C., Amadi, E.N. and Odu, C.T.I. (2005) Effect of soil treatment containing poultry manure and
cow dung on the physical and chemical properties of crude oil polluted soil. Sci. World J. 3(2), 45-50.

20.Okpokwasili, G.C and Amanchukwu, S.C. (1988) Petroleum hydrocarbon degradation
by Candida species Environ Int., (14) 243 -247.

21.0lsen, S.R., Cole, C.V., Watanabe, F.S and Dean. L.A. (1954). Estimation of available phosphorus in
soils by extraction with sodium bicarbonate. USDA Circ. 939, Washington, D.C. 19p

22.0nuh, M.O., Madukwe, D.K. and Ohia, G.U. (2008) Effects of poultry manure and cow dung on the
physical and chemical properties of crude oil pollute soil. Sci.World journal 2 (3), 45-50

23.0nuoha, C.1., Arinze, A.E and Ataga, A.E. (2003) Evaluation of some growth of some fungi in crude oil
polluted environment. Global journal of Agriculture science, 2, 1596-2903

24.Osazee, E., Yerima, M.B. and Shehu, K. (2005) Bioremediation of crude oil contaminated soil using
cow dung as bioenhancement agent. Annals of Biological sciences 3 (2):8-12.

25.0sazee, E., Yerima, M.B. and Shehu, K. (2015) Bioremediation of crude oil contaminated soil using
poultry dropping as bioenhancement agent. Annals of Biological sciences 4 (3), 6-11.

26. Osuji, L.C. and Onojake, C.M. (2004) Trace Heavy Metals Associated with Crude Oil: A Case Study of
Ebocha-8 Oil-Spill-Polluted Site in Niger Delta, Nigeria. Chemistry & Biodiversity, (1)1708-1715.

27.Si, H.H., Ji, Y.A., Jaehong, H. and Se, B. (2015) The effect of organic and chemical fertilizer on the
growth and nutrient concentrations of yellow poplar (Liriodendron tulipiferalin) in a nursery system. Forest sci.
and Tech, 12, 137-143.

ISSN 2618-7434 26 JOURNAL OF MINING AND GEOTECHNICAL
ENGINEERING, 2022, 1(16):16



2 Dneébo A., Onuexeepe 0., Xaccan H., Ommax C., u op.
¥ Buopemeouayus noussl, 3a2psa3HeHHOl Cblpoll Hehmbio, ¢ DOI: 10.26730/2618-7434-2022-1-16-30

UCNONIL308AHUEM OMX00086...

28.Sikkema, J., De Bont, J. A. and Poolman, B. (1995) Mechanisms of membrane toxicity of
hydrocarbons. Microbiol. Rev., 59, 201-222.

29.Xu, X, Liu, W., Tian, S., Wang, W., Qi, Q., Jiang, P., Gao, X., Li, F., Li, H.,, and Yu, H. (2018).
Petroleum Hydrocarbon-Degrading Bacteria for the Remediation of Oil Pollution Under Aerobic Conditions: A
Perspective Analysis. Front. Microbiology 9, 2885-2892

30. Xue, J., Yu, Y., Bai, Y., Wang, L., and Wu, Y. (2015) Marine oil-degrading microorganisms and
biodegradation process of petroleum hydrocarbon in marine environments: A review Curr. Microbiol., 71, 220—
228.

31.Zhang, H. and Wang, J.J. (2014) Loss on ignition method. In F.J. Sikora and K.P. Moore, editors. Soil
test methods from the southeastern United States. Southern Extension and Research Activity Information
Exchange Group. 6.Univ. of Georgia, Athens 2014 P. 155-157.

Conflict of interest
The authors declare that there is no conflict of interest.

Information about the authors

Abuchi Elebo, senior education officer
e-mail: abuchielebo@yahoo.com

State Universal Basic Education Board (SUBEB)
GC4J+X9J, Abubakar Kigo Rd, Kakuri 800283, Kaduna, Nigeria.

Onyekachi Onyekwere, scientific officer

e-mail: onyekachi.onyekwere.au@gmail.com
N.M. Hassan, scientific officer

e-mail: hnuraddeen@yahoo.com

David Christopher Bando, senior scientific officer
e-mail: bandomidase@gmail.com

A.J. Tutuwa, research director

e-mail: jJummaiadamu76@yahoo.com

I. Nuhu, senior scientific officer

e-mail: imbasi4real@gmail.com

National Biotechnology Development Agency
X9PH+9PV, Umaru Musa Ya'adua Way, Airport Rd, Lugbe, Abuja, Nigeria

S.0. Ottah, scientific officer

e-mail: Simon.ottah234@gmail.com

Victor Uchenna Ugochukwu, research officer/PhD student
e-mail: uchewicky@gmail.com

Department of Biochemistry, University of Port-Harcourt
East/West Road, PMB 5323 Choba, Rivers State, Nigeria

G.C. Anigbo, scientific officer
e-mail: georgechukwull@gmail.com

Faculty of Basic Medical Science, Enugu State University of Science and Technology (ESUT)
PMB 01660, Agbani, Enugu State, Nigeria

TEXHUKA U TEXHOJIOI'MA I'OPHOI'O JJEJIA. 27 ISSN 2618-7434
2022. Nel. C. 16-30



) Elebo A, Onyekwere O, Hassan N., Ottah S., Bando D. et al.
‘¥ Bioremediation of crude oil contaminated soil using blended DOI: 10.26730/2618-7434-2022-1-16-30
mixtures of fish and piggery wastes as bio-stimulating agents

YK 332.368:504.53.062.4

BUOPEMEJIUALIMA ITOYBHI, 3ATPSI3HEHHOM CBIPOM HE®THIO,
C UICHIOJIb30BAHUEM OTXOJ0B PHIBHOM N
CBUHOBO/JYECKOM IMPOMBIIIJIEHHOCTHA CMEIIIAHHOI'O
COCTABA B KAYECTBE BUOCTUMYJUPYIOIIUX ATEHTOB

Juedo A.', OunexBepe O.%, Xaccan H.%, Orrax C.2, banno 1.2, TyryBa A%, Yrouyksy B.%,
Anuréo I'.%, Hyxy U.2

! TocymapcTBEeHHBIH COBET 1O BceoOIeMy 0azoBoMy oOpazoBanuio, Kagyna, Hurepus

2 HanoHanmbHOE areHTCTBO pa3BUTHsI OnoTexHonoruii, AOymka, Hurepus

3 Jlenaprament ouoxumuu, yausepcuteT [lopt-Xapkypt, Hurepus

# dakynpTeT OOMUX MEIUIMHCKHMX HAYK, TOCYIaPCTBEHHBINA yHUBEPCHTET DHyTy, ArGanu, Hurepus

AHHOTaALMA.
B naHHOM HCCIeZOBaHMM H3ydalach BO3MOXKHOCTH MOTEHIMAIBHOTO
UCIIONB30BAaHMS JIBYX CMELIAHHBIX OPraHMYEeCKUX yIOOpPEeHHH (OTXOIbI
MHIICBON U PHIOHOM NPOMBINUICHHOCTH) B KaU4eCTBE OUOCTUMYITHPYIOLINX
arcHTOB TIPH BOCCTAHOBJICHHM OOpa3LOB MOYBBI, 3arps3HEHHBIX CHIPOi
HedTh0. [{ns anamu3a 6bu10 B3siTo 200 T 00pasua novBkl, 3arpsi3HEHHOTO
10% (macc.) ceipoii HepT Bonny. 30 r cMecn OopraHHYEcKOTO HaBO3a
(pHIOHBIE M CBHHBIE OTXO/IbI) OBLIO OOABJIEHO K 3arps3HEHHBIM 00pa3iam
@ ® noyBbl. [lociae sToro OWOOUMINEHHAas T[OYBA AaHAIM3UPOBANIACh Ha

(U3MKO-XMMHUYECKHE  CBOWCTBa, oOIIee coaepaHue  HePTSIHBIX

YIJIEBOIOPOIOB (OHY), TIOJIMIUKIINYECKUX apOMaTHYECKUX
HNudopmauus o cratbe yraeBogoponoB (ITAY), TskenbIX METaIOB M MOMYJBIINU SHAOTCHHBIX
IMocrynuna: rpuboB, pasmararomux HedTh, €KEHEINCTbHO B TECUCHHE IISTH HEIETb.
22 dpespans 2022 r. CornacHo IOy YCHHBIM pe3ynbTaram, OropeMennaIis c

WCTIONB30BAaHMEM CMEIIAHHOTO OpPraHMYECKOTO HaBO3a 3HAYUTEIBHO
PenensnupoBanue: TIOBBICHJIA YPOBHHU a30Ta, (hochopa, Kanus ¥ OpraHMYECKHUX BEIIECTB IO
23 mapra 2022 r. CPaBHEHMIO C KOHTPOJBHBIMU ITUPPaAMH.

KoHleHTpan  HEQTSHBIX  YIJIEBOJOPOAOB M  MOJUIUKINYECKUX
[punsTa k neyaru: apOMaTHYeCKUX  YIJIEBOJIOPOJIOB  3HAYMTENILHO  CHHU3HWJIMCH  IOCIE
30 mapra 2022 1. 00pabOTKM OpPraHMYECKUMH MperapaTaMd B 3aBHCHMOCTH OT BpPEMEHH.

Pe3ynbraThl Taxke Mmokasanu 3HaunTenbHBINH pocT (P<0,05) rpmOkoBoit
KirouesBrble cioBa: 3arpy3kd Ha oOpasie IOYBBl C BHECEHHBIMH HM3MEHEHUSIMH IIOCI]e
YTJIEBOJOPO/IBI, OMOpeMenranus, MATHHEAeIbHOH 00paboTku. Takum oOpa3om, ncciae10BaHuEe OKa3bIBAET,
OpPTaHWYECKHI HaBO3, YTO KOMOMHAIHS PHIOHBIX M CBUHBIX OTXOJI0B MOXKET CITY>KUTh OTINYHBIM
3arpsisHeHUe, cblpast HeTh, OMOCTHMYNHUPYIOIINM areHTOM JJIsi BOCCTAHOBJIGHHS 3arpsi3HEHHBIX
OMOCTHUMYTHPYIOMINIT areHT CBIPOH HE(THIO MOUB.
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