Influence of Organic Fertilizers produced from SLO Spiked Composting Process on Microbial
counts and Hydrocarbon Degradation Rate in Soils,

Abstract

and Ft,), consisting of kitchen and agricultural wastes, were spiked with varying concentrations (2% and { Comment [LP4]: ..compost

4%) of SLO. The resultant organic fertilizers were employed as amendment in pollution simulated
potted soils laid out in a complete randomized block design with three replications for 90 days. Results
revealed higher counts of hydrocarbon utilizing microbes (HUB: 4.240.02x10%fu/g in Fty,
3.040.02x10%fu/g in Ft;; HUF: 3.9+0.2x10%fu/g in Ft,, 2.5+0.02x10%fu/g in Fts) in'spiked compost
compared to the control, Ft, (HUB: 7.9+0.02x10%cfu/g; HUF: 6.0+0.2x10%cfu/g). Mean microbial count

in amended soils reflected a dose-dependent increase which followed the. trend: Ft, > Ftg> Ft, for the
5% (3.7x10° cfu/g), 10% (9.2x10" cfu/g) and 15% (6.9x10" cfu/g)-levels of fertilizer treatments

petroleum-polluted soils, and further research efforts to perfect compost-spiking as a novel technique in
composting is recommended.
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1.0 Introduction
Depending on the dose, type:of the oil:and other factors, petroleum has deleterious effects on

biological, chemical and physical properties of the| soil. Microbiological components of soil take a

becomes imperative:

Bioremediation, according to Madsen (1991), is “a managed or spontaneous process, in which
biological "activities, especially microbial catalysis, occur on pollutants, thereby remedying or
eliminating environmental contamination”. According to Catallo and Portier (1992), it also refers to the
enhancement of the native capability of microorganisms by the addition of oxygen and nutrients to the

soil system to support biological growth and improve the degradation. It mainly involves biostimulation
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More so, Ekpo and Ntekpe (2014), in a deliberate search for an environmentally sound and -

productive use of solid organic waste, reported the production of organic fertilizers rich in nitrogen and
phosphorus, among other nutrients, from organic waste materials using simple aerobic composting
technique. The said fertilizers were evidently useful as soil amendments, with great potential in

stimulating the population growth of indigenous soil microbes, competing favorably with its synthetic

counterparts. It is fagainst these backdrops that this study fis designed to convert solid organic wastes

materials to organic fertilizers fit for enhanced bioremediation of petroleum il contaminated sites

through a manipulated aerobic composting process.

2.0 Materials and Methods

Organic Waste Collection

Composting requires the presence of two types of materials, (a) Nitrogenous (materials rich in

nitrogen) and, (b) Carbonaceous (materials rich in carbon) materials in a proportion. This proportion is

determined by the quality of fertilizer intended (George et al., 1993). A ratio of 1:1 is usually preferred.\ﬂ,,,»'

agent. Windrow Et, did not receive any oil spiking. The moisture content of windrows were monitored

periodically, andimaintained at 60% during the first four weeks. Also, regular turning of the windrows

during which the compost temperature ceases to rise and assumed an earthy smell. The matured

compost/organic-fertilizer was sieved through a 2.5 mm sieve to achieve the final product.
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Plate 1: Organic waste composting Pads

Table 1 : Physicochemical Properties of the Pollutant (SLO)

Parameters Values
API Gravity 315
Density (g/cm®) 0.82
Nitrogen (ppm) 1000
Pour point (°C) 428
Specific Gravity 0.81
Carbon (wt%) 86.0
Hydrogen (wt%) 14
Key:

API = American Petroleum Institute

ppm = Part per million l __..-—| Comment [LP29]: This Table is not mentioned
' in the text.
lFi9|d Test Methods] .| Comment [LP30]: Testing of amended compost
in remediating hydrocarbon polluted soil

The [produced organic fertilizers were subjected to field test through Experiment layed out in ::,,,-»{Comment [LP31]: ..amended composts J
7 { comment [LP32]: ...tested for their potential in }

Randomized Complete Block Design (Ubom, 2004). Bulk soil taken from an agriculture field was air- remediating hydrocarbon polluted soil using the




large polythene sheet. The soil was artificially contaminated with 10% (w/w) spent lubricating oil. -

30.0kg contaminant were sprayed and mixed thoroughly, such that the whole soil becomes

achieve severe contamination (pollution), because beyond 3% concentration, oil has been reported to be
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Figure 1: Field Test Layout
KEY:
A = 8.0 kg of Polluted soil +5% (0.4 kg); 10% (0.8 kg); and 15% (1.2 kg) of organic fertilizer

Ft, respectively.

B = 8.0 kg of Polluted soil + 5% (0.4 kg); 10% (0.8 kg); and 15% (1.2 kg) of organic fertilizer

Ft, respectively.
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C = 8.0 kg of Polluted soil + 5% (0.4 kg); 10% (0.8 kg); and 15% (1.2 kg) of organic fertilizer
Ft, respectively.

Laboratory Analyses

Analysis (Microbiological and physicochemical) of the various samples including the prganic

fertilizers produced, spent lubricating oil, and soil samples were undertaken at various. times. Soil

Biodegradation rate (hydrocarbon loss)

Average biodegradation/loss rates (mg kg™ day™) of hydrocarbons under different treatments

AHL = (HCi - HCe) / Time inc

Where,

AHL = the average hydrocarbonloss (mg kgday)

HCi = the initial hydrocarbon content in soil (mg kg*)

HCe = the hydrocarbon content when the experiment ended (mg kg)
Time ing.= the degradation time (days)

Remediation Efficiency (R.E)
The Remediation Efficiency (R.E) which shows (in percentage) the effectiveness of the organic
fertilizer amendments (nutrients) relative to the un-amended soils in reducing the total hydrocarbon

content (THC) of soils treated with same quantity of spent lubricating oil was calculated thus:

_ THCci —THCti
THCci

R.E x 100
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Where:
THC ci = total hydrocarbon content in control soil under a given oil loading.
THC:ti = total hydrocarbon content in an amended plot under a given oil loading.

Statistical Analysis

Treatment means were subjected to two way analysis of variance and significant differences
separated using Least significant differences test. The statistical package for social:sciences (SPSS,

Version 18.0) was employed for this purposed as described by Ubom (2004).
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Table 3: Mean Microbial Counts in Soils Receiving Different Organic Fertilizer Treatments during.Remediation
. Microbial Counts per Fertilizer per Treatment Level

g é Microbial Controls SctFo (%) SctFt, (%) SctFt, (%)

= 2 Groups So Scty 5 10 15 5 10 15 5 10 15
THBC (cfu/lg)  2.6x10° 6.1x10" 2.8x10"  2.9x10"  3.2x107 2.2x10" 2.8x10"  1.9x107 1.2x10’ 2.3x107 1.6x10’
TFC (cfu/g) 2.3x10° 1.7x10° 1.1x10°  14x10°  1.2x10° 2.0x10°  1.9x10%. 2.0x10° 5.0x10* 1.4x10° 8.0x10*

0 HUBC (cfu/g)  7.8x10° 4.6x10* 1.0x10°  2.6x10°  3.0x10° 5.6x10°  4.3x10° .1.3x10° 2.2x10* 3.6x10* 4.0x10°
HUFC (cfulg)  8.0x10° 1.7x10* 1.1x10°  1.3x10°  2.0x10° 29x10* . 3.0x10¢ 1.8x10* 1.4x10* 2.0x10* 6.0x10°
THBC (cfu/lg)  2.4x10° 3.2x10° 4.0x10"  4.8x10"  6.0x10' 9.8x10" 6.2x10" . 1.8x10° 1.7x10 5.4x10" 6.8x10"
TFC (cfu/g) 2.0x10° 6.3x10* 2.2x10°  2.8x10°  2.4x10° 7.4x10* 43x10%.  1.4x10° 2.0x10* 4.0x10* 2.1x10*

2 HUBC (cfulg)  7.3x10° 5.2x10* 6.2x10°  7.6x10°  6.2x10° 6.9x10* 7.2x10*  1.,0x10* 2.9x10* 6.0x10* 8.1x10’
HUFC (cfulg)  1.8x10° 4.8x10° 2.2x10°  2.7x10°  4.1x10° 9.0x10° 8.9x10°  1.9x10* 1.6x10° 7.0x10* 5.0x10°
THBC (cfu/lg)  8.8x10 1.6x10/ 1.4x10°  9.0x10°  1.1x10° 1.6x10°8  8:2x10° 1.6x10’ 1.2x10° 7.0x10’ 5.0x10
TFC (cfu/g) 1.9x10° 2.8x10* 4.4x10°  50x10° 5.2x10° 1.3x10° 35x10°  1.0x10° 1.1x10° 2.5x10* 8.0x10°

4 HUBC (cfulg)  5.4x10° 1.2x10° 1.2x10*  15x10*  1.0x10° 2.0x10° 1.1x10°  1.6x10° 3.5x10° 1.0x10° 3.1x10°
HUFC (cfulg)  3.8x10? 1.0x10* 4.1x10°  5.0x10°  7.6X10° 1.1x10* 6.7x10°  2.0x10* 1.0x10* 4.0x10* 4.6x10°
THBC (cfu/lg)  6.7x10’ 1.0x10° 1.6x10°  1.8x10° . 2.0x10° 1.9x10° 1.2x10°  1.5x10’ 2.0x10° 8.2x10’ 4.2x10°
TFC (cfu/g) 3.2x10* 1.9x10* 4.8x10°  5.2x10° © 5.6x10° 3.4%10° 3.4x10*  3.2x10° 2.6x10° 2.2x10* 3.0x10°

6 HUBC (cfulg)  4.9x10° 2.6x10° 3.6x10*  3.0x10' 2:6x10* 3.6x10° 1.6x10°  1.3x10° 1.9x10° 2.3x10° 2.8x10°
HUFC (cfulg)  1.8x10° 2.3x10* 1.4x10*  1.5x10°  2.0x10° 4.0x10* 1.8x10*  2.1x10* 1.6x10* 4.4x10* 7.0x10*
THBC (cfu/g)  5.9x10° 1.6x10° 1.5x10° Li8x10%, 1.9x10° 2.0x10°  2.4x10°  2.6x10’ 1.3x10° 1.2x10’ 6.8x10’
TFC (cfu/g) 2.8x10° 9.2x10° 4.2x10°°  5.0%10° * 5.2x10° 33x10°  16x10° 3.0x10° 2.8x10° 1.3x10* 2.1x10*

8 HUBC (cfulg)  3.2x10° 3.5x10° 3.2x10* 2.9x10°  2.:8x10° 42x10°  21x10°  1.8x10° 2.0x10° 1.5%x10° 4.0x10*
HUFC (cfulg)  1.6x10° 3.6x10* 15x10*  15x10*  2.1x10* 3.8x10* 1.5x10*  1.1x10* 1.5%x10* 1.0x10* 6.0x10*
THBC (cfu/lg)  6.4x10° 1.2x10’ 8.0x10’  9.2x107,  9.0x10’ 3.7x10° 1.8x10"  1.9x10’ 1.4x10° 8.9x10° 6.9x10"
TFC (cfu/g) 2.3x10* 1.8x10* 3.0x10°  3.2x10°" 3.8x10° 6.0x10° 1.8x10*  8.4x10° 4.2x10* 1.1x10* 1.1x10*

10 HUBC (cfulg)  1.8x10° 1.5x10° 3.0x10* ©2.4x10*  2.6x10* 3.8x10° 3.0x10°  8.2x10* 1.8x10° 1.0x10° 3.0x10°
HUFC (cfulg)  1.6x10? 1.6x10* 1.1x104  1.0x10°  2.0x10* 5.0x10* 1.1x10*  2.0x10* 2.1x10* 3.9x10° 8.0x10*
THBC (cfu/lg)  4.1x10° 5.4x10° 6.0x10" ' 7.8x10"  7.4x10' 2.9x10’ 1.4x10"  1.2x10’ 3.0x10° 5.6x10° 4.2x10°
TFC (cfu/g) 1.2x10° 1.1x10* 26x10°°  2.2x10°  3.0x10° 5.1x10° 1.6x10*  1.6x10° 2.2x10* 1.1x10* 1.0x10*

12 HUBC (cfu/g) ~ 1.0x10° 1.2%10° 2.2x10°  2.1x10°  1.8x10° 2.2x10°  2.4x10°  7.6x10° 8.8x10* 6.4x10* 3.8x10*
HUFC (cfulg)  1.3x10° 1.3x10° 2.3x10°  6.8x10°  1.4x10* 3.1x10* 1.2x10°  1.6x10° 1.1x10* 3.4x10° 1.9x10*




Table 4: Total Petroleum Hydrocarbon Biodegradation Analysis after 90 days Treatment.

Parameter SCo Treatments

(Control)  "SctFty5  SctFtl0  SctFtl5  SctFt5  SctFtl0  SctFt,15  SctFt5 SCtFL10  SctFtl5
TPH, 56.219 56.219 56.219 56219 56.219 56.219 56219  56.219. 56.219  56.219
TPHg 51.99 50.249  49.005 51741  49.751 53234 52985  50.751 56.651  56.776
BDR (mgkg™day™) 0.047 0.066  0.080 0050 0072 0.033 0.040 0061 -0.149  -0.127
R.E (%) 7.52 10.62  12.83 797 11.51 5,31 5.75 9.73 -0.77 -0.99
Key:

TPH, = Total Petroleum Hydrocarbon Content in Contaminated. Soils before Bioremediation Treatments

TPHgo= Total Petroleum Hydrocarbon Content in Contaminated Soils after 90 days Bioremediation Treatments

BDR = Biodegradation Rate (Hydrocarbon loss)

R.E = Remediation Efficiency
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Figure 4: Chromatogram of Contaminated Soil, Treated with 5% Fto:for 90 days.
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Figure 5: Chromatogram of contaminated soil treated with 5% Ft, for 90days.
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Figure.7: Chromatogram of Contaminated Soil, left without any Treatment with Organic
Fertilizer for 90 days.



4.0  Discussion

Composting is a microbiological process that depends on growth and activity of mixed
populations of bacteria, actinomycetes, and fungi that are indigenous to the wastes being composted. It
is a viable means of transforming various organic wastes into products that can be used safely and
beneficially as biofertilizers and soil conditioners. In this study, population of different microbial
groups, including total aerobic heterotrophic bacteria counts (THBC), hydrocarbon utilizing bacteria
(HUB), total fungal counts (TFC) and hydrocarbon utilizing fungi (HUF) revealed higher.counts of
HUB, and HUF in organic fertilizers from composting process spiked with SLO" (Ft, and Fts)
compared to the unspiked (control) composting (Fto). This observation'suggest strongly that the spent
lubricating oil (SLO), apart from being potent soil pollutant, also"serve as agent of natural selection
that drives mutations among microbial groups. Most microbes that were'able to thrive in the spiked
composting processes are those that had evolved the ability to survive the toxic effects of SLO, a

typical hydrocarbon product.

Bio-stimulation, occasioned by the addition.of different types and concentrations of organic
fertilizers to the polluted soil, resulted in a.sighificant increase in population of hydrocarbon degrading
bacteria and fungi within the first few weeks. This is due mainly to the fact that organic fertilizers
provided nutrients for increased: cell ‘growth and ‘enhanced biodegradation rate. The SLO also
supported rapid microbial growth since hydrocarbon is an energy source to some bacteria and fungi.
The reduction in population of the hydrocarbon degraders, observed in later weeks, could be due to the
fact that the organisms have exhausted the available nutrient supplies present in the batch system.
Also, mineralization;of hydrocarbons could have possibly accumulated the system with toxic

metabolites which resulted in reduced growth phase of the microbes. The findings of /Amadi and Odu

following, the:application of petroleum hydrocarbon, but a decline as the biodegradation progressed

supports these observations.

Notably, higher counts of hydrocarbon degraders were observed in contaminated soils treated
with SLO-spiked compost compared to those treated with pristine compost. This may not be
unconnected with the higher counts of hydrocarbonoclastic bacteria and fungi observed in the organic
fertilizers produced from SLO-spiked composting processes as against lower counts in non-SLO-

spiked composting process. This suggest strongly that the SLO served as a source of natural selection
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or mutagen that drives evolution of microbes capable of hydrocarbon degradation during the

composting processes in the compost bins that were spiked with SLO.

Biodegradation of spent lubricating oil (SLO) in soil, as revealed by chromatographic analysis,
at the end of study (90 days) showed higher biodegradation rate (BR) in soil amended with 5% of the
organic fertilizers spiked with lower concentration of SLO compared to the control soil treatment. At
the end of 90 days, polluted soils amended with spiked organic fertilizers showed highest percentage
of SLO biodegradation, followed by soil amended with pristine organic fertilizers, compared to the
unamended (control) soil that showed lowest biodegradation of SLO. These observation correlates
positively with the increased counts of HUB and HUF earlier observed-in the different organic
fertilizers. However, it was observed that BR reduces with increase in guantity of spiked organic
fertilizers applied. For instance, at 5% application of spiked  organic fertilizer (Ft,), BR was 0.072
mgkg'day™, but reduces to 0.033 mgkg™day™ at 10% application. This may be due to carryover of
toxicants in the spiked fertilizers. Conversely, the remediation“efficiency (RE) of pristine organic
fertilizers increased with increase in quantity of fertilizer applied:./At 5% application, RE was 10.62%,
and 12.83% at 10% application. However, at 15% application, the RE took a downward turn to 7.97%.

These observations are well supported by the findings of Emmanuel et al. (2021); Agamathu, et al

and fungi in soils following addition of organic amendments to polluted soils and a corresponding

improvement in biodegradation of spent lubricating oil (SLO) in soils.

However, it was also observed. that organic fertilizers from composting process spiked with
elevated concentration, of SLO (Fts) was grossly inefficient as soil amendments, since its application
resulted in an.increased TPH cancentration in soils. This suggested that the compost spiking technique
should be done with very low concentration of the contaminant to avoid build-up of contaminant in
compost;(organic fertilizer).

5.0 [Summary and Conclusion

Whereas there exist a dire need to re-use or recycle the huge proportion of organic wastes
generated by agricultural and food processing activities to reduce the volume of organic wastes that

ultimately get to the dump-sites, curb their potential risk of pollution and environmental nuisance.
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Similarly a growing expanse of wastelands occasioned by petroleum contamination is begging for
remediation. This study manipulated aerobic composting technology to convert organic wastes into
organic fertilizers fit as agents in bioremediation technology to enhance the decontamination of soils
polluted with petroleum hydrocarbon compounds. Technique employed included the spiking of the
composting piles with varying concentration of the contaminant to induce adaptation among microbes
inhabiting the organic fertilizers. Based on the findings of this study it is safe to conclude that:

(i) Organic wastes, which constitute a nuisance to the environment, are rich sources of nutrients, which
can be converted into different types of organic fertilizers through manipulated aerebic composting
technique.

(ii) Spiking of Composting process with low concentration of hydrocarbon, compounds increased
viable count of hydrocarbon degrading microbes in the resulting.compost.(organic fertilizers).

(iii) Application of low quantity of spiked compost to.polluted soils stimulates the growth of
hydrocarbon degrading microbes, with a corresponding increase in hydrocarbon degradation rate in
treated soils.

(iv) Hydrocarbon-spiked organic fertilizers (Ft,), and. pristine organic fertilizers (Fty) are effective

agents for bioremediation of petroleum polluted soils.
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