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ABSTRACT: This study investigated the impact of two soil amendments (poultry manure and phosphate rock
minerals) on the intrinsic remediation capacity of a crude oil-contaminated soil. Well drained top soil (0-10 cm) was
polluted with crude oil at the rate of 0.02mL/g of soil and amended with phosphate rock (PR) and poultry manure in three
batches at 20 g, 30 g, 40 g and 50 g per 500 g of soil respectively in plastic bowls. Soil samples were collected from plastic
bowls for physicochemical, microbiological, biodegradability and total hydrocarbon contents analyses. Results revealed
improvement in physicochemical parameters in pH, total nitrogen and phosphorus of 7.00-7.50, 0.12-0.22 %, and 13.20-
65.42 mg/100 g after remediation against 4.30, 0.02 % and 6.05 mg/100 g recorded in day zero respectively. Bacillus
subtilis (2.01), Pseudomonas aeruginosa (1.94), Mucor mucedo (2.47) and Penicillium notatum (2.43) had high
biodegradation potential (NTU). The remediation efficiency of total hydrocarbon content after remediation was enhanced
by two factors; increased concentrations of amendments of 50 g of poultry manure (4.62 mg/100 g; 66.45 %) and
phosphate rock (0.33 mg/100 g; 97.60 %); And by application of combined amendments of both poultry manure and
phosphate rock (0.19 mg/100 g; 98.62 %) compared to control (8.46mg/100 g; 38.56 %). Poultry manure and phosphate
rock amendments enhance bioremediation efficiency in clean-up of crude oil polluted site and obviously a contamination
free environment is a healthy and safe environment for all.
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The economic benefits and uses of crude oil are
enormous to mention nevertheless, the contamination
caused by its spills has drastically impaired biological
and ecological functions in the ecosystem. Crude oil
pollution has generated great toxic danger on account
of their spill in the environment. The toxic discharges
of crude oil or petroleum products are enormous,
based on their constituent, magnitude, ecological
factors and the biological component in the
contaminated environment Crude oil is a complex
mixture of aliphatic, alicyclic, aromatic hydrocarbons,
and smaller proportions of heteroatom compounds
(sulfur, nitrogen, and oxygen) and also organometallic
complexes of nickel and vanadium in much smaller
proportions compared to other constituents; however
these organometallic compounds are problematic
during crude oil refining (Head et al., 2003). Leaks and
accidental spills take place frequently in the
exploration, production, refining, transport, and
storage of petroleum and petroleum products. Poultry
litters are used as soil fertilizers due to its high quantity
of nitrogen and reasonable amount of phosphorus as
nutrients for microbes. The microbial, chemical, and
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physical composition makes it a suitable co-substrate
and nutrient springs for potential uses in
bioremediation of crude oil contaminated soil
(Ezekoye et al., 2017). Phosphate rock (PR) is a
generally used to describe naturally occurring mineral
compound with high content of phosphate minerals
(P20s) (Chien et al., 2010). Many sources of PR are
rich in free carbonates, such as calcite (CaCOs) and
dolomite (CaMg(COs3),), which provide Calcium and
Magnesium for dealing with soil acidity (Chien,
1977). The presence of carbonates and magnesium
(Mg)) minerals are suitable for plant nutrition and soil
amendment. PRs which is phosphor-composting is
environmentally beneficial as organic manures that are
readily used or are a viable alternative to chemical
fertilizers (Mugwira et al., 2002). Remediating a site
polluted with hazardous waste materials is a very
tedious and complex procedure; and this usually
involves a systematic, step-by-step problem solving
approach. Bioremediation of contaminated soils is
currently regarded as one of the most successful ways
to clean up contaminated sites, particularly because it
is adjudged eco-friendly (Ikhajiagbe et al., 2014). Soil
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microorganisms are significant in the ecosystem; they
adjust energy flow, cycle nutrients and promote it
availability for growth and development of
agricultural crops, maintain ecosystem, organic matter
transfer and intrinsic bioremediation of contaminants
as a food substrate. Bioremediation which is the use of
natural substances (poultry manure, phosphate rock
minerals and microorganisms) in the recovery of crude
oil polluted soil is a generally accepted form of
remediation rather than the introduction of chemicals.
This study is therefore aimed at examining the impact
of two soil amendments (poultry manure and
phosphate rock minerals) on the intrinsic remediation
capacity of a crude oil-polluted soil.

MATERIALS AND METHOD

Well drained topsoil (0-10 cm) was obtained from a
farmland, and phosphate rock (PR)used for the study
was obtained from National Institute for Oil Palm
Research, Benin City, Edo State. Dry poultry manure
(PM) was collected from the University of Benin
poultry farmand was pooled together to obtain a
composites sample. The crude oil (Forcados Blend)
was collected from Shell Petroleum Development
Company Forcadoes Warri South West, Delta State.

Experimental design: Crude oil (10mL) was measured
and poured unto 500g of soil and presented in 3
groups. The first group (Group A) which were
amended with poultry manure (PM) was subdivided
into 4 other groups on the basis of quantity of manure
added to soil. The second group B consisted of oil-
polluted soil amended with phosphate rock (PR). The
third group C consisted of soil amendments with a
consortium of both manure and rock. Generally, the
treatment designations were as follows;

A1l: oil-polluted soil with 20 g of poultry manure, A2:
oil-polluted soil with 30 g of poultry manure, A3: oil-
polluted soil with 40 g of poultry manure, A4: oil-
polluted soil with 50 g of poultry manure, B1: oil-
polluted soil with 20 g of phosphate rock, B2:o0il-
polluted soil with 30 g of phosphate rock, B3: oil-
polluted soil with 40 g of phosphate rock, B4:oil-
polluted soil with 50 g of phosphate rock, C1:oil-
polluted soil with 20 g of both poultry manure and
phosphate rock, C2:oil-polluted soil with 30 g of both
poultry manure and phosphate rock, C3: oil-polluted
soil with 40 g of both poultry manure and phosphate
rock, C4:oil-polluted soil treated with 50 g of both
poultry manure and phosphate rock. Control soil was
unamended oil-polluted soil.

Research process description: The amended oil-
polluted soils were exposed, kept in a screen house and
observed for a minimum of a month. Thereafter soil
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was assayed for culturable bacteria and fungi
(Cheesbrough, 2000). Soil physiochemical analysis
was also carried out according to the methods
described by APHA (2008).

Bacteria and fungi enumeration: Bacteria and fungi
analyses were done using the methods of Cheesbrough
(2000); Chikere et al. (2009) and Nwadinigwe and
Onyeidu (2012).

Characterization and identification of bacterial
isolates: Isolates with distinct colony characteristics
were sub-cultured aseptically using wire loop and
streaking on the surface of freshly prepared NA plates
and incubated at 37°C for 24-48hours. The discrete
colonies were identified based on cultural and
morphological characteristic such as size, colour,
margin, shape and Gram staining reaction.
Biochemical test, such as Indole, Methyl red, citrate
utilization, catalase, oxidase, nitrate reduction, urease,
motility test and sugar fermentation test were carried
out wusing standard protocols (Cheesbrough,
2000;Chikereet al., 2009; Joonu and Averal, 2012).

Characterization and identification of fungal isolates:
Isolates with observable distinct colony characteristics
were sub-cultured aseptically using wire loop and
streaking on the surface of freshly prepared PDA and
incubated at 28+1°C for 3-7 day. Pure fungal isolates
were characterized on the basis of cultural and
morphological characteristics which include spore
formation, color, margin, mycelia and other fruiting
bodies. Slides were prepared from pure cultures and
viewed under motic light microscope at 40X
magnification after adding few drops of lactophenol
blue for mycelia (Cheesbrough, 2000).

Percentage prevalence of bacteria and fungi isolates:
The percentage prevalence (%P) of bacteria and fungi
isolates from all the treatments were carried out after
morphological and biochemical characterization. The
number of a bacterium and fungal species isolated
were recorded according to their population in the
various treatments.

% P = Total no. of an isolate in treatments 100
or T Sum of all isolates x

In-vitro biodegradability Studies: In-vitro
biodegradability studies were carried out by
inoculating a loop full of pure colony of discreet
isolates from freshly prepared nutrient agar plates into
test tubes containing 10ml of mineral salt medium
(MSM) broth and 0.2 % w/w of crude oil. After which,
the culture were agitated at 150rpm and incubated at
27°C for 35 days. At 5 days interval during the
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incubation period, 4ml of the culture was withdrawn
and the turbidity readings were determined using UV
spectrophotometer at optical density of 600nm
wavelength (Bujang ef al., 2013; Ataikiruet al., 2017;
Gulati and Mehta, 2017).

Determination of physicochemical parameters:
Physicochemical parameters such as pH, nitrogen,
phosphate, calcium, magnesium and potassium and
total hydrocarbon carbon (THC) were determined
using methods from APHA (2008). The percent
remediation efficiency (% RE) of total hydrocarbon
utilization was calculated.

_ Initial THC — Final THC

0, =
HRE Initial THC x 100

Statistical analysis: Analysis of variance was done
using SPSS 20® and PAST®. Means were separated at
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95% confidence limit by using least significant
differences.

RESULTS AND DISCUSSION

The poultry manure in this study had the highest total
heterotrophic bacteria count (THBC) and total
heterotrophic fungi count (THFC) (Table 1). This is in
accordance with Ameh and Kawo, (2017) result were
it was reported that the difference in the count was due
to pH and organic matter content which aid the
proliferation of microorganisms. The THBC and
THFC of uncontaminated soil recorded higher counts
than contaminated soil THBC and THFC (Table 1).
Ataikiruet al. (2017) stated that the variation in
microbial counts is the simplest method of monitoring
microbial activities in bioremediation.

Table 1: Mean total heterotrophic counts of samples used for remediation

Samples Total Heterotrophic Bacterial Total Heterotrophic Fungal Counts
Counts (THBC) x10° (cfu/g) (THFC) x10° (cfu/g)

Poultry Manure (PM) 195.20%+4.30 442.40°+£13.42

Phosphate Rock (PR) 38.00°+1.58 53.60°+10.71

Soil(uncontaminated) 78.40%£2.31 67.00°£7.98

Control(contaminated) 19.78+7.33 50.20°+£11.62

a and b means level of significant difference; similar alphabet superscripts do not differ significantly (p>0.05) from each other

*Table 2: Physicochemical parameter analysis of soil and amended contaminated soil

SD pH TN P (mg/100g) Ca(mg/100g) Mg(mg/100g) K(mg/100g)
UCS 6.20+ 0.00 0.05 +0.00 12.15 +0.00 0.39 + 0.00 7.68 +0.00 1.52 +0.00
CTD1 4.3£0.00 0.02 +0.00 6.05 = 0.00 6.00 = 0.00 1.04 +0.00 0.23 +0.00
CTA 5.10 £ 0.00 0.12 +0.00 7.35+0.00 10.40 £ 0.00 2.05 £ 0.00 0.35+0.00
TAl 7.00 +0.12 0.24+0.01 9.71+0.01 11.28 +0.01 2.24+0.01 0.86+0.01
TA2 7.00 + 0.06 0.25+0.01 13.20 = 0.06 13.52+£0.01 2.80 +0.01 1.09 +0.01
TA3 7.07 £ 0.09 0.33+0.01 14.55+0.01 13.68 +0.01 3.18+0.01 1.39+0.01
TA4 7.30 + 0.06 0.37+0.01 22.11+0.01 16.48 =0.01 3.28+0.01 1.52+0.01
TB1 7.20 £ 0.06 0.20 +0.01 59.22 £0.01 18.56 +0.01 0.81+0.01 0.49+0.01
TB2 7.30 £ 0.06 0.21+0.01 62.42 +0.01 20.00 +0.12 0.90 +0.01 0.57+0.01
TB3 7.20 + 0.06 0.21+0.01 63.91+0.01 20.72 +0.01 1.10+0.06 0.59+0.01
TB4 7.20 £ 0.06 0.22 +0.01 65.97 +0.01 25.76 +0.01 1.12+0.01 0.62 +0.01
TC1 7.50 £ 0.06 0.15+0.01 43.90 +0.06 16.32 +0.01 1.60+0.01 7.50 = 0.06
TC2 7.27 +0.09 0.17+0.01 46.64 +0.01 20.56 +0.01 1.68 +0.01 7.30 + 0.06
TC3 7.20 £ 0.06 0.18 +0.01 60.71 +0.01 23.12+0.01 2.32+0.01 7.10 £ 0.06
TC4 7.10+0.06 0.19+0.01 62.42 +0.01 24.00 +0.01 2.40 £ 0.01 7.10 + 0.06

*SD sample description, Mean and S.E of results: Keys: UCS= Uncontaminated soil, CTD1= Control day one,CTA = Control after
remediation, TA =Poultry manure amended contaminated soil, TB = Phosphate rock amended soil, TC = Poultry manure and phosphate
rock amended contaminated soil.

The physicochemical parameters analyzed revealed
that pH of the uncontaminated and the contaminated
soil was acidic as against the amended contaminated
soil which was alkaline (Table 2). Crude oil
introduction has reduced the pH and addition of soil
amendments raised the pH to neutral/alkaline for
active microbial catabolic capacity. These nutrients N,
P, K, Ca, K and Mg were all influenced by the addition
of poultry manure and phosphate rock to crude oil
polluted soils which resulted in their increase, which

stimulated microbial growth and allowed microbes to
synthesize the necessary enzymes needed to break
down the petroleum hydrocarbon contaminants
(Vidali, 2001; Obasi et al., 2013). Factors that affect
populations and activities of microorganisms in soil
may significantly affect soil characteristics and
environmental quality (Oviasogie and Oviasogie,
2014). Total heterotrophic bacteria count (THBC) and
total heterotrophic fungi count (THFC) (Figure 1 and
2) as well as the hydrocarbon utilizing bacteria count
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HUBC (Figure 3) and hydrocarbon utilizing fungi
(HUFC) count (Figure 4) increased in all the
treatments over control resulting in consistent level of
degradation during remediation as a result of the
poultry manure and phosphate rock content used

singly and in combination.
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Fig 1: Total heterotrophic bacteria count for crude oil

contaminated soil treated with various amendments

Key: Al: contaminated soil with 20 g of poultry manure, A2:
contaminated soil with 30 g of poultry manure, A3: contaminated
soil with 40 g of poultry manure, A4: contaminated soil with 50 g of
poultry manure, BI: contaminated soil with 20 g of phosphate rock,
B2: contaminated soil with 30 g of phosphate rock, B3:
contaminated soil with 40 g of phosphate rock, B4: contaminated
soil with 50 g of phosphate rock, ClI: contaminated soil with 20 g
of both poultry manure and phosphate rock, C2: contaminated soil
with 30 g of both poultry manure and phosphate rock, C3:
contaminated soil with 40 g of both poultry manure and phosphate
rock, C4: contaminated soil treated with 50 g of both poultry
manure and phosphate rock.

However, the combined treatment of poultry manure
and phosphate rock resulted in increased population of
HUBC and HUFC all through. Margesin et al. (2000)
in their research work stated that the increase in the
numbers of microorganisms demonstrated how
indigenous soil microorganisms are able to adapt to
new substrates (crude oil) for growth which in turn
reduce toxic substances in the environment.

A total of ten (10) bacterial and five (5) fungi isolates
with their frequency and percentage occurrence
observed in Table 3wereEnterobacteraerogenes,
Escherichia  coli,  Clostridium  xylanolyticum,
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Salmonella typhimurium, Staphylococcus aureus,
Staphylococcus epidermidis, Streptococcus
pyrogenes, Bacillus subtilis, Pseudomonas
aeruginosa, Proteus mirabilis and Aspergillus flavus,
Aspergillus  tarmari, Aspergilus niger, Mucor
mucedoand Penicillium notatum.
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Fig 2: Total heterotrophic fungi count for crude oil contaminated

soil treated with various amendments.

Key: Al: contaminated soil with 20 g of poultry manure, A2:
contaminated soil with 30 g of poultry manure, A3: contaminated
soil with 40 g of poultry manure, A4: contaminated soil with 50 g of
poultry manure, B1: contaminated soil with 20 g of phosphate rock,
B2: contaminated soil with 30 g of phosphate rock, B3:
contaminated soil with 40 g of phosphate rock, B4: contaminated
soil with 50 g of phosphate rock, ClI: contaminated soil with 20 g
of both poultry manure and phosphate rock, C2: contaminated soil
with 30 g of both poultry manure and phosphate rock, C3:
contaminated soil with 40 g of both poultry manure and phosphate
rock, C4: contaminated soil with 50 g of both poultry manure and
phosphate rock.

Chikere and Ekwuabu, (2014) previously reported that
microorganisms are oil and hydrocarbon degrading
microbes. Microbes are in syntrophic association in
crude oil contaminated environment (Okoh, 2006) and
release secondary substrates that support the growth
and activities of other microbes after metabolizing the
organic compounds in the crude oil (Banat, 2004).
This enhances the solubility, availability and
biodegradation of petroleum hydrocarbons (Wong et
al., 2004). The in-vitro biodegradability studies of
microbial isolates showed that microorganism
biodegrade crude oil. Bacillus and Mucor species were
the most predominant crude oil degrading bacteria and
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fungi isolates owing to their high environmental
tolerance to crude oil pollution. This is however
attributed to the fact that they form spores, which aids
microorganisms to survive harsh conditions (Okafor et
al., 2016).
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Fig 3: Hydrocarbon utilizing bacteria count (HUBC) of crude oil
contaminated soil treated with various amendments
Key: Al: contaminated soil with 20 g of poultry manure, A2:
contaminated soil with 30 g of poultry manure, A3: contaminated
soil with 40 g of poultry manure, A4: contaminated soil with 50 g of
poultry manure, B1: contaminated soil with 20 g of phosphate rock,
B2: contaminated soil with 30 g of phosphate rock, B3:
contaminated soil with 40 g of phosphate rock, B4: contaminated
soil with 50 g of phosphate rock, ClI: contaminated soil with 20 g
of both poultry manure and phosphate rock, C2: contaminated soil
with 30 g of both poultry manure and phosphate rock, C3:
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contaminated soil with 40 g of both poultry manure and phosphate
rock, C4: contaminated soil with 50 g of both poultry manure and
phosphate rock.
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Fig 4: Hydrocarbon utilizing fungi count (HUFC) of crude oil
contaminated soil treated with various amendments.
Key: Al: contaminated soil with 20 g of poultry manure, A2:
contaminated soil with 30 g of poultry manure, A3: contaminated
soil with 40 g of poultry manure, A4: contaminated soil with 50 g of
poultry manure, B1: contaminated soil with 20 g of phosphate rock,
B2: contaminated soil with 30 g of phosphate rock, B3:
contaminated soil with 40 g of phosphate rock, B4: contaminated
soil with 50 g of phosphate rock, ClI: contaminated soil with 20 g
of both poultry manure and phosphate rock, C2: contaminated soil
with 30 g of both poultry manure and phosphate rock, C3:
contaminated soil with 40 g of both poultry manure and phosphate
rock, C4: contaminated soil with 50 g of both poultry manure and
phosphate rock.

Table 3: Percentage prevalence of bacteria and fungi isolates in treated contaminated soil

Izclates (Bacteria) Frequency Percentage Izclates (Fongi) Frequency Percentage
(%4) (%4)

EBacillur gubtiliz g 2105 Aspsrpillus w3 12.50

Preudomonar geynzingza 6 1579 Aspereilluz oo 3 1250

Entgrohacter ammngenss 3 15.16 Aspsrpillus wigar 9 37.50

Staphylocorcus auidermidiz 5 1316 Mucar pusada 3 1250

Froteus mirabiliz 3 7.89 Eenicillium notatum. 6 25.00

Streprococcus pyogens. 3 7.89

Clozoridium gilamahaiom 3 7.89

Salmonella pphimyium 2 516

Stapiyvlocorcus gursus, 2 526

E:cherickia coli 1 265

Sum of all izolates 38 100 Sum of all 1solates 24 100
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Fungi species have been reported to be good producers
of cellulase, the enzyme responsible for the
breakdown of cellulose in petroleum products (Wong
et al., 2004) for more microbial hydrocarbon up-take.
The total hydrocarbon content (THC) (figure 5)
revealed that initial remediation (day 1) had the
highest value of 13.77+0.00mg/100 g. After
remediation, the THC (mg/100g) reduced across the
treatments (5.57+0.01 to 0.19+0.01) and control
(8.46+0.00). THC (mg/100g) revealed that the
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treatment consortium of 50 g of both poultry manure
and phosphate rock (0.19+0.01) used as amendment
recorded the least level of THC residual compare to
the control (8.46+0.00) with the highest THC residual
level. The remediation efficiency (percentage) of total
hydrocarbon content (THC) observed from Figure 5
after remediation revealed that there was a great
reduction across the treatments ranging from 98.62 %
to 59.55 % and the control by 38.56 %.

*Table 4: In-vitro biodegradability potential of bacterial isolates turbidity readings

Bioramadiation Duration (Dave) T

0 5 10 15 20 25 0
3. gpidgmidis 123403 137404 141408 160405 171401 1.E6+0.1 L.ET+0.3
3 QUESS, L1107 LI8x04 121203 L1.31x0.1 146£0.1 136205 1.E6x0.1
E. subsilis 146203 150208 13103 1.39+0.1 160s0] 191404 201401
F gguginozg 151408 13004 143405 136405 158403 170405 194401
5. pngenss 127401 128404 133201 L.60+03 1.70+0.1 170405 1.BE+0.3
3 pphimgoium 123404 1374001 140405 135404 164405 170403 1.EB6+03
E. coli 107206 1082006 105201 L17£0.1 123201 137205 1.50x0.3
E. agragenas 128402 138202 144403 145205 1.32+04 1.61+04 173404
F. mirabiliz 124203 1.2420.2 126201 1.40£0.3 137801 L7305 19303
Cxpdanohgiouen 116205 130403 135407 134406 142401 130403 1.5240.4

*Mean and S.E of results as expressed units of turbidity (NTU) )

*Table 5: In-vitro biodegradability potential of fungi isolates turbidity readings

Bioremediztion Duration (Dhavs)

a ] 1d

15 20 15 ia

Apiger 2052001 2158003 2274001
A flgvpe 21420001 22220002 2204004
A mgrmg, 2072002 2144003 2144001
Memuceds, 2224002 2364003 2332001
Pporgage 2254002 23840.01 2.2540.03

212540.01
2284002
1124002
2364002
1354002

1284002 13340003 22040002
1364003 22330002 23840002
1414003 2.08+0,02 2058001
2478000 2274002 2244001
1454001 3204001 2364002

*Mean and S.E of results as expressed units of turbidity

The remediation efficiency (%) of THC showed that
the treatment consortium of 50 g of both poultry
manure and phosphate rock had the highest
remediation efficiency of 98.62 % and the least was
38.56 % obtained from the control. The principal
component analyses biplot showing relationship
between applied soil treatments and laboratory data
accumulated during the study in figure 6 revealed that
the consortium of both poultry manure and phosphate
rock prove to be more effective than the single
amendments of poultry manure and phosphate rock.
The wvariables analyzed (phosphate, remediation
efficiency, calcium, potassium, hydrocarbon utilizing
bacteria and fungi) in figure 7 had positive influence
in the enhancement of crude oil remediation, while
other variables had negative influence which showed
that phosphate played an important role in
bioremediation of crude oil. Dendrogram from cluster
analyses as grouped on the basis of soil treatments in
figure 8 shows that phosphate rock and the consortium
of both poultry manure and phosphate rock are most
likely to present a similar effect in enhancing

remediative capacities of the crude oil polluted soil
than poultry manure.
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Fig 5: Effects of soil treatments on total hydrocarbon contents
Keys: PM: contaminated soil amended with poultry manure; PR:
contaminated soil amended with phosphate rock, both:
contaminated soil amended with poultry manure and phosphate
rock.
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Fig 6: Principal component analyses biplot showing relationship
between applied soil treatments and laboratory data accumulated
during the study
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Fig 7: Loadings on the principal compon-ent zinay‘ses p-rovided for
laboratory data accumulated during the study
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Fig 8: Dendrogram from cluster analyses of laboratory data
accumulated during the study as grouped on the basis of soil
treatments.

Furthermore, the correlations showed (table 6) a great
relationship between phosphate and nitrogen, as well
as the total hydrocarbon content and the remediation
efficiency such that an increase in one of the listed
parameter leads to decrease in the other.
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Table 6: Correlations among the parameters determined during the
study

P04 pH N (e Mg K THC FF  HaB Haf HUB HUF
P04 [0 038 037976 0068 0333 0797 006412 006418 0073 0142 0775 0834
(08 0 GOE06 0448 0734 0417 031363 031338 0434 0320 0846 0434
N M0 0448 0734 0417 031563 031338 0434 0320 0846 0434
Co 099 076 076284 0 087 064 013197 013203 0007 0073 0707 0802
Mg |08 0405 04050 09 0 0849 041884 0418 028 0212 042 081
K034 079 0793 011 085 0 07346 0734 0871 0939 0429 0038
THC |09 088 087959 0% 0790 041 0 SYEQ 0139 0207 0839 077
EFF (0895 088 087963 0979 079 0418 0139 0207 0839 077
HeB |09 0736 075393 -1 0305 02 097635 09763 0 00688 07 0909
HeF [ 098 0682 068209 -099 0945 01 04783 Q9478 094 0 0632 097
HUB 037 04 024019 044 079 078 02303 023045 045 0% 0 0391
HUF 028 076 073598 0133 0292 0998 0335 03935 014 44 82 0
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Fig 9: Regression model establishing the significant relationship
between total hydrocarbon content (THC) (independent var.) and
remediation efficiency (rEFF) (dependent var.) during the study

The regression model established significant
relationship between total hydrocarbon content (THC)
(independent var.) and remediation efficiency (rEFF)
(dependent var.) (Figure 9), this suggests a perfect
(100%) association between THC and rEFF.

Conclusion: This study justifies that the use of soil
amendments as joint application in bioremediation of
crude oil polluted soil is better than single amendment
application. Phosphate rock contributed immensely in
the remediation of crude oil polluted soil when
combined with poultry manure in providing robust
nutrients requirement in promoting microbial growth
for efficient and effective mineralization of crude oil
in contaminated soil.
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