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ABSTRACT: The remediation of oil polluted soil has been aangjroblem in oil producing countries and investigas on the use of

mulch and various soil amendments has been onrder do identify the organic material that wouldhemce remediation of crude oil-

contaminated soil, the present study was undertaléaste engine oil-polluted soils (5% w/w) were enado beds of 120cm x 60cm x
15cm dimension, and then mulched with saw dusgddrow dung, wood ash, dried ruderal weeds, aretidtiushed Chromolaena odorata
plants. The set up was left for 3 months on an djd. The result revealed that there were ovet8fductions of polyaromatic

hydrocarbon contents in soil 3 months after mulghfrom 833.62mg/kg to 103.88mg/kg in the oil-geliusoil. Significant reductions from
the original concentrations of Fe, Mn, Zn, Cu, Cd, Pb, Ni and V were also achieved. Achromobasppr, Bacillus pumilis, Sarcina spp.
and Micrococcus spp. were prevalent bacteria sgefdand in the polluted soils, while prevalent fusigecies included Aspergillus niger,
Penicillium, spp. and Fusarium spp. Contaminatiaotdr, probable efficient concentration and hazgubtient were generally higher in

unmulched soil, compared to the mulched ones. ®estilphytoassessment, using seedling developmehtwaeeks for yardstick for

adjudging the success of remediations, showed weprseedling development in the sawdust-mulché@3062% survival), compared to
unmulched oil-polluted soils (25.98% survival).
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Introduction

Petroleum pollution due to crude oil has been enfainefront of most discourse on soil pollutiont brude oil or its products are obviously
not the only causes of petroleum pollution. Wastgiree oil has been adjudged a more serious thineait ¢rude oil alone [1, 2]. Motor
mechanics use crude oil products extensively imigag of vehicles, such services involves emptyaigised engine oil, filling of new
ones and cleaning of motor parts with fuel and ehesed motor oils contaminate natural environmettt fwdrocarbon which spread
horizontally on the groundwater surface therebystay serious groundwater contamination [3]. Theea# of oil in soil are very
devastating and as such the need to clean up #ieseusing various methods of remediation hasrbeceery imperative. There are
different remediation processes and some of thegmgses are controversial, especially when theghia low temperature. Some of these
remediation processes are various physical chemiicatmal processes and biological techniques weeblin the cleaning up of oil
contaminated site [4].

Biological processes of remediation are a much nficeadly method of clean up. However, Ikhajiagi# poted that for effective
bioremediation particularly that hinged on improvaitrobial activity and processes the use of switadments is highly recommended.
Apart from positive effects on soil physiochemipabperties, it also enhances the inherent soil shiat community. Since the use of
organic mulching in some agricultural processesmadtices sometimes involves decaying of the acgawaterials, the implication for soil
include enhanced soil fertility, improved soil moi®, regulation of soil temperature, to mentidiev&; and these properties are implicated
in enhanced soil microbial activity. This would ewgally enhance intrinsic bioremediation in theeaféd soil. Enhanced intrinsic
bioremediation (natural attenuation) as an activsitu remediation method, enhances natural biediegion within the saturated zone by
the introduction of factors like oxygen [5], moist6], or organic materials [7, 8] to stimulateural processes by changing the sub-soil
condition [5]. Microbiological activity also helps reduce slowly severe contaminant concentration.

Natural attenuation processes under favourable itons, reduce the mass, toxicity, mobility, volumand/or concentration of
contaminants in soil and groundwater. The reseaschieerefore hoped to investigate the suitabiliy brganic mulching as a
bioremediation method, as well as preference ddmigmulching material for the venture. The maaidbelow the use of organic mulch in
bioremediation is that hydrocarbon-degrading miggaaisms would prefer to utilize added organic malterather than hydrocarbons,
intensively proliferate, and eventually decompdeetydrocarbons following the depletion of sub-staadded [9].

Mulch is usually but not exclusively organic maé&rpermanently or temporarily applied to bare soiround existing plants to increase
soil organic matter, and to improve fertility bytaslishing patterns of nutrient cycling [10, 11fidathese soil factors are as important in
bioremediation of oil-contaminated soils. CommoaWgilable organic mulches include leaves, gragpicigs, peat moss, saw dust, animal
dung, dried leaves, wood and bark chips.

Since organic mulches are composed of plant métetizey add small amounts of nutrients to the gwoibugh decomposition. When
organic mulches such as fresh leaves, wood chipbsaaw, are used, a considerable amount of ®itrag taken from the soil by the
micro-organisms decomposing the organic mattentRtwterials used in the present study was a catibmof local weeds available in
the study area. These included a combinatiorA®fstsia gangetia, Croton lobatus, Digitaria hortalis, Euphorbia heterophyllia,
Euphorbia hirta, Eleucine indica, Paspalum serotatum, Scleria haumannianand Solanum nigrumAnoliefo et al [12] had earlier
identified some of these weeds as probable caratidat phytoremediation based on certain toleramdiees.Chromolaena odoratavas
also selected based on a study by Nweke and CGigibw13], who showed tha&hromolaena odorataontained some active compounds
that when they are decayed, could serve as nutidenticro organisms present in the soil which deahem to degrade long chain
hydrocarbons.

Soil microbes act both as a source and sink oflaai nitrogen through opposing processes of miizetdon and immobilization
(sequestration of inorganic nitrogen in microbigrbass), and subsequent remineralization of nitroge soil microbes die and are
decomposed [14, 15]. Consequently, cow dung waskasn selected as a mulching material in the ptessedy. Apart from investigating
the suitability of these mulching materials for anbed natural attenuation of the oil-polluted galilytoassessment of the remediated soils
would also be carried out, using seedling developgmesponses as yardstick for measuring remediatiopess.
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Materials and M ethods

Site L ocation

The site was located beside Department of Planto§joand Biotechnology Botanic garden and direaipposite the Animal and
Environmental Biology animal husbandry building €Tétudy started on the .day of December 2012, and lasted for 3 months.

Soil collection

Top soil (0-10cm) was gathered at random spotsdbesiie Botanic Garden and pooled together to obtamposite sample.
Physiochemical composition of the soil was deteadibefore use.

Mulch material collection

Whole plants ofChromolena odoratavere collected from a fallow land on UNIBEN Campiibey were crushed and dried before use.
Wood ash was obtained from a kitchen at NASU Caftestaurant. Sawdust was obtained from a saw anilsihor, opposite Army
Barracks. Cow dung was obtained from an abattoDlaku. The dung was sun-dried and later crushemdriear powdery form by using a
mortar and pestle.

Research Methods

Forty (40) kg of sun-dried soil was thoroughly mixegith WEO to obtain a constant concentration of WA oil-in-soil. The contaminated
soils were then poured into bare ground and madebieds of the following dimension; 120cm long, ®0wide and 15cm high. In order to
ensure that oil or heavy metal fractions did natcplate to ground water, polythene material waeaprand buried 15cm below soil
surface, just before the contaminated soils wetggebon the bare ground and made into beds (FighE) idea was to excavate all polluted
soil materials at the end of the experiment. A sddtte diagram is shown below.

< 120cm

v

Soil bed

Soil surface

Polyethylene material

wy

Fig. 1: Schematic cross section of the bed.
A total of 18 beds were made, as there were 5rdiffemulching materials to be used per bed and gheontrol (unmulched bed). These
were replicated 3 times.

Parameter s Studied
At the beginning and at 3 months after pollutionA®R), various parameters were assayed, includingepee of weed(s) on soil surface,
soil physiochemical parameters, total poly aromiayidrocarbon content of soil, as well as soil wigal composition (fungi and bacteria).
Soil Physicochemical Analyses
Soils were dried at ambient temperature (22=35crushed in a porcelain mortar and sieved tHicau@-mm (10 meshes) stainless sieve.
Air-dried <2 mm samples were stored in polythengsbfor subsequent analysis. The <2 mm fraction wezsl for the determination of
selected soil physicochemical properties and tlaeyheetal fractions as well as PAH.
Extraction of Micronutrientsin Soils by Hydrochloric Acid Method
Ten (10) g of soil was weighed into a 250 ml ptabtttle. 100 ml of 0.1 m HCI was added, stoppesed, then shaken for 30 minutes. The
mixture was filtered through Whitman filter papeo.¥2 and then Fe, Cu, Mn, Zn, Cd, Cr, Pb, Ni, andeve determined in the filtrate by
atomic absorption spectrometry.
Deter mination of Polyaromatic Hydrocarbon Contents of Polluted Soil by Gas Chromatography (GC)
A 10 g sample was extracted with methylene chlofi@€M). The extract was filtered through anhydrsesium sulphate to remove any
trapped water molecule. This was followed by a rcleap/ fractionation of the sample extract intophéitic and aromatic (PAH)
components. Finally, the components were concentnaging a rotary evaporator for GC analysis, uBiilgas detector. Model of GC used
was AGILENT 6890.
The GC analysis began by first injectingll of the sample extract into the GC, and the restdtculated as follows:
Sample (mg/kg) = _Area x F.vol x 1000

Rf x Wt
Where,
Rf = Response factor = Total Area / Total Concéiuna obtained from instrument calibration withredards.
Area is obtained from the chromatogram output.
F.vol is the final volume of the concentrated eotti@ ml)
Wt is the initial weight of the homogenized sam(ifegrams)
Soil analyses were done in triplicates.
Identification of Soil Microorganisms
The soil samples were air-dried and sieved thraighmm mesh to remove undesirable material. Theialil series for the soil sample was
done by transferring 1 gram of the soil to ninem{® millimetres of sterile distilled water in stleriglass containers as blank. The glass
containers were shaken for 5 minutes and was také@" dilution factor, 10 ml were then transferred fréme 10" dilution into another 9
ml blank to obtain a 19 dilution and same process of transfer was repeuaified to obtain a dilution factor of 70
The spread plate method was employed in takingnéierotrophic bacteria counts. One (1) ml of théaig diluted portion of 1d of each
soil sample was inoculated onto nutrient agar pldte bacteria and Potato dextrose agar platesufogal counts. The plates were
inoculated at room temperature for 24 hours antalis respectively, for bacteria and fungi growifier incubation colonies were then
counted and the colony forming unit (cfu/g) of #wl samples determined.
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I solation of Bacterial and Fungal Oil Degraders
Bushnell- Haas (BH) medium (Mgs@.20 g/I; CaGl 0.02 g/l; kH,PQ, 1 g/l; NHWNO;, 1 g/l; FeC4, 0.05 g/l; KHPO,, 1 g/l; pH 7.0, was
used as the enrichment medium with 8 % (v/v) filtterilized oil as the sole carbon source. The omadivas dispensed into in 100 ml
Erlenmeyer flasks and autoclaved at f21for 15 minutes. Thereafter, 5 g of each soil damyns inoculated into each flask of the
medium and incubated at 130 rpm at room temperatueeHY 33 tifunctional shaker (B. Bran Scieittiind Instrument Company,
England). After 10 days, 1 ml of enriched media Wwasisferre freshly prepared enrichment medtid incubated under the same
conditions as described above. Serial dilutionsnftie third enmcinnent process were inoculated ontitient agar plates and potato
dextrose agar plates for oil-degrading bacterial famgal counts respectively using the methodsrdest by Cowan and Steel [16] and
Cheesebrough [17]. These were carried out indstss.
Computation of Contamination Factor (CF)
CF expresses the ratio between the eventual caatiens of pollutant against its pre-contaminatieference.
CF= Concentration of pollutant

Pre-contamination Concentration
When CF > 1, inherent concentration element inwa# due to exogenous application of contaminaat (VEO), in which case the metal
concentration was higher than values obtainederotiginal unpolluted soil.
Computation of Hazard Quotient (HQ)
HQ expresses the possibility of the contaminarntdpan ecological risk or a contaminant of poterg@ilogical concern. The hazards
Quotient is expressed by the following equation:

HQ = Measured concentration

Toxicity reference value or selected screening berack.
When HQ > 1: Harmful effects are likely due to @mntnant in question
When HQ = 1: Contaminant alone is not likely tosmecological risk
When HQ < 1: Harmful effects are not likely

Screening benchmarks were available at Efroynetai.[18].

Computation of Concentration of Toxic Equivalency (TEQ) for Palycyclic Aromatic Hydrocar bons (PAH).

Toxic Equivalency factors (TEF) are toxicity potgrfactors used as a consistent method to evalbat®xkicities of variable mixtures of
organic compounds.

TEQ =XTi x PEF

Where TEQ = Toxic equivalency
Ti= PAH concentration in solil
PEF= Potency equivalency factor [19]

Bioremediation Efficiency
This is regarded as the proportion (%) of contamtitiaat was bioremediated compared to a measurezkntration at the start point. In the
present study, the reference start point was aekwafter pollution (1WAP). This was calculated as;
Efficiency(%) = _Measured concentration at SMAR 100
Concentration at 1WAP 1

Statistics
Statistical analysis of data was done using SRSS-15statistical software, and means were separatedshyg the Least Significant
Difference. Other forms of statistics were thosealogical significance that required comparisath wtandard benchmark [18, 19].

Results and Discussion

The results showed that weeds that eventually esdeadter 3 months in the soil with the sawdust mmulcludedAsystsia gangetia,
Solanum nigrum, Eleusine indiead Paspalum serobiculatunwhile those in the dried weeds-mulched soils idetlAsystasiegangetica
and Eleusine indicarespectively. Anoliefoet al, [12] suggested earlier that some of these weeste oil-tolerant and as such, where
candidates for phytoremediation. It was also oleskhat no weed grew on the bed contair@hgdorata This was basically due to the
fact thatC. odoratacontains some allepathic substances [13]. Aldw# been recorded that some organic mulching ssi€h adorata
directly provides organic carbon inputs to soiljethsuppresses weeds and used to reduce soil eiasioganic farming systems [20].

Table 1: Identified weed species on each soil bed at 3 hsoafter pollution.

SIN Mulch Weeds identified Family

1 Saw dust Asystsia gangetia Acanthaceae
Solanum nigrum Solanaceae
Eleusine indica Poaceae
Paspalum serobiculatum Poaceae

2 Wood ash Paspalum serobiculatum Poaceae
Eleusine indica Poaceae

3 Cow dung Asystasia gangetica Acanthaceae
Eleusine indica Poaceae

4 Chromolaena odorata No weed Not available

5 Dried weeds Asystasia gangetica Acanthaceae
Eleusine indica Poaceae

6 Control Digitaria horizontalis Poaceae
Eleusine indica Poaceae
Croton lobatus Euphobiaceae
Scleria naumanniana Cyperaceae

Total PAH was highest in unmulched soil (Table 2pwever, remediation of these compounds was biettdre mulched soils but more
effective in the saw dust mulched soil. PAH conteithe soil 1 WAP was 833.62mg/kg. Total PAHsddmoremediation efficiencies)
were 160.10 mg/kg (80.79%) in wood ash-mulched 8d4i0.48 mg/kg (71.15%) in dried weeds-mulched &4i2.01mg/kg (74.56%) iG.
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Odoratamulched soil and 215.92mg/kg (74.09%) in cow dumgehed soil. There was total (100%) remediatioracénaphthene at all
levels. The total PAH reduction discussed may hasgelted from volatilization, diffusion and micrabidegradation in a dissolved state
[21, 22].

The physical properties of petroleum hydrocarbasmeehan effect on their biodegradation. At very loancentrations, hydrocarbons are
soluble in water, but most oil spill incidents eede petroleum hydrocarbons in concentrations feessxof the solubility limits [23, 24].
The degree of spreading of oil in the surface afesoil is important for microbial colonization ydrocarbon-degrading microorganisms
[25]. Also, soil moisture is a major control on maibial and microfaunal community structure and\aigstiin the soil [26], and this may
have been significantly affected by the mulches.

Hazard quotients (HQ) for PAH in the polluted sailtained are presented in Table 3. Collectivel®dfor PAH at 3 MAP were lowered
with the use of mulch, indicating a reduction initity potential of the PAH after 3 months. At 1 WAHQ was very high in napthalene
(6.1), acenaphthene (0.11), flourene (0.39), phénane (747.90), anthracene (65.20), Fluoranth&33.80), pyrene (180.10) and
benzo(a)pyrene (621.00). However, HQ was greatan tinity (HQ>1) in all except acenaphthene andréine, which indicated a toxic
situation. But at 3 MAP, the HQ concentration ofraphthene and flourene was also lowered to(@@r¢1Q values of some other PAHs
in all mulched soils, ranged from 4.20 to 21.48gbenanthrene, 139.2 to 182.4 for anthracene, @%6.876.30 for benzo(a)pyrene. All of
these presented a HQ>1 situation. However, for relubene and pyrene, HQ<1 for saw dust, wood aghcaw dung mulched soils,
signifying no toxicity.

The use of mulch in the present study was sigmifiéa reduction of the PAH. This is because organidch have been suggested to
conserve soil moisture, suppress weeds, enhantketies [27], help keep the soil temperature caristd that the activity of the
microorganisms can continue at an even rate [28] ezise the pH slightly, making the soil reactioore alkaline [29]. However, from the
results earlier presented, saw dust mulch was tbst mfficient in the reduction of PAH. Sutherlart al [30] had reported that
microorganisms growing in sawdust substrate prodereeymes used in metabolizing the hydrocarbons.d8stwhas been reported to
produce enzymes which enatfRseudomonas ostreatus bind with flouranthrene metabolite [31]. Thesult obtained was also in
agreement with earlier findings of Ikhajiagbe amibhefo [8].

Significant reductions were observed when the tgxequivalents of the PAH were calculated in TableAt 1 WAP, toxicity equivalents
(TEQ's) was 40.58 mg/kg in benzo[a]pyrene, but z2erlnes were obtained for both benzo[a]anthracexechrysene respectively. TEQ's
of PAH in saw dust-mulched soil were 0 mg/kg in tm@)anthracene and chrysene, 27.58 mg/kg in bajmogne and 1.58 in
indeno(1,2,3-cd)pyrene). In th& odoratamulched soil were 1.74 mg/kg in benzo(a)anthracér3® mg/kg in chrysene, 52.33 mg/kg in
benzo[a]pyrene, and 1.20 mg/kg in indo(1,2,3-cdjpgtr The benzo[a]pyrene values, were higher thaohneark TEF values of the PAH
of 0.1 mg/kg. All other values exceeded the benckratean-up level [19]. The implication is that tbieanup level for benzo[a]pyrene
according to Cal-EPA [19] was met not for amendaitisamples. But the TEF values of benzo(a)anttma@ad chrysene where zero (0)
in sawdust- and wood ash-mulched soils which didexaeed the required benchmark values. This imghat clean up of these PAHs
were met in these soils.

Table 5 shows physiochemical parameters of theirsdiile present study. The pH value for polluted anpolluted soil samples generally
were within acidic range (5.58 - 5.75). On applmabf mulches, a slight increase towards neuyraliis observed (6.02 - 6.89). Soil pH as
earlier discussed influences the mobility of nuittseand metals, impact microbial activity and alter community compositions. According
to Gianfredeet al, [29] heavy metals are bio-available between @+ 3.0 below which they will become less bio-éafalie under alkaline
condition. This may be one of the reasons why ther® negatively correlation between the heavy metatl the pH, as the pH recorded in
this present study was above 6 in the mulched $bi. slight increases in pH could be as a resuliigii metabolic activities possibly
resulting from the production of intermediate melébs in the mulched soils. Ano and Ubochi [32ported that cow dung and wood ash
contains a pH of (6.7 - 11.9). However, Dibble &adtha [33] reported a pH range of 6.5-8.0, foirapm mineralization of hydrocarbons
with organic materials.

Electrical conductivity (EC) which was 34&cm 1 WAP, was significantly lowered with the wsenulch 3MAP, with dried weeds having
the lowest concentration of 288cm. This shows that dried weeds are capabledoitieg the conductivity of a crude oil pollutedlsdhis
confirms the previous work of Osuji and Nkoye [3H]is however possible that mulching materialseveot directly responsible for the
observed changes in EC since organic compoundsitilde oil cannot conduct electrical current vesliwHowever, it may be due to the
fact that anoxic biodegradation mechanism througlct dehydrogenation allowed the anaerobic metsdnobf hydrocarbons in the
presence of an electron acceptor such as nitratevuich may be responsible for the observed diffees in EC.

Lehtomake and Niemela [35] reported a low valu&lpK, Ca, Mg and P reserve in petroleum hydrocartamtaminated soil as recorded
in the present study. However, at 3 MAP, the apgilbm of mulch increased the soil concentrationtotal organic carbon, total nitrogen,
Na, Mg, P, Ca and CI. The changes observed in stnté nitrogen, potassium, calcium, magnesiumgrasphorus could be attributed to
the organic mulches added to the soil which on eigasition and mineralization release the differarttients in the soil.

Although results showed that organic mulching haceffiects on soil texture, it however was quiteetifze in reducing the concentrations
of heavy metals. At 1 WAP the concentration of Fesw1539.24 mg/kg), Mn (32.62mg/kg), Zn (91.54my/agd Cu (54.36 mg/kg).
However, on application of mulch, significant retioies were recorded. At 3 MAP, concentration of Was 987.62 mg/kg in the
unmulched soil, but reduced to 821.65 mg/kg and18B7hg/kg in the soils mulched with sawdust anédifiveeds respectively. It was
observed that there were slight increases in sogtalmoncentration in the mulched soils, compaoeithé ones that were not mulched. For
example, concentration of Cd in the unmulched &od MAP was 4.22 mg/kg, but slightly increasea t@nge of 4.50 — 4.70 mg/kg in the
polluted soils mulched with sawdust, wood ash,divieeds, and cow dung. This may have been corgdthy the mulching materials. The
values for contamination factor presented on Tdblehowed that only Mn, Cu, Pb, and Ni were heavyatlmewith a less-than-one
contamination factor (CF<1); the implication beitigat these heavy metals had been remediated taessabelow their original
concentrations before soil was contaminated witet@vangine oil, thus indicating significant reméidia.

Similarly, there were significantly lower hazardotjents (HQ) upon muiching of oil-polluted soil @la 7). HQ for determination of
toxicity of resident pollutant heavy metals to egptal processes were above normal with regard®f@n Cr, Cd, and V. This implied
that for the plant ecologist, the remediation oh\hemetals by mulching after 3 months may not hagen in the ecologist's favour.
However, heavy metal levels were well within statytranges for microbial activities and proces3esble 7). Similar quotients were used
in the studies by Ikhajiagbe [2].

The reductions recorded in the concentrations afhenetals in the present study were as a restifteoAdded mulches which were able to
increase the degradative ability of microorganignatting on microbial enzymatic activities to trioren or degrade the contaminants from
the environment [36]. The mechanisms by which theszoorganisms act on heavy metals includes bpggor (metal sorption to cell
surface by physiochemical mechanisms), bioleaclirevy metal mobilization through the excretionoofianic acids or methylation
reactions), biomineralization (heavy metal immdaition through the formation of insoluble sulfidespolymeric complexes) intracellular
accumulation, and enzyme-catalyzed transformatiedok reactions) [37]. The mulches also providggeananent solution as a result of
complete mineralization of these contaminants &ehvironment [38].The result obtained in this gtiglin agreement with the work of
Ray and Ray, [39] who recorded a reduction in @ra@ther heavy metal concentrations with the apftineof mulch.
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PAH (mg/kg) Original soil 1 WAP 3 MAP LSD (0.05)
used for the
study Soil mulched with
No mulching Sawdust Wood Ash Dried weeds C. odorata Cow dung

Naphthalene BDL 0.61 BDL 17.16 14.52 13.83 21.0 16.20 521
Acenaphthylene BDL 1.16 1.32 BDL 14.36 BDL BDL 16.22 4.08
2-bromonaphthalene BDL 3.91 1.53 BDL 15.09 4.9 13.64 17.22 2.96
Acenaphthene BDL 231 BDL BDL BDL BDL BDL BDL 1.98
Fluorene BDL 11.57 2.59 BDL 14.85 14.11 3.09 LBD 3.95
Phenanthrene 0.85 74.79 44.84 0.42 0.72 1.25 14 2. 0.89 5.01
Anthracene BDL 6.52 BDL 18.24 15.36 14.72 13.92 17.28 8.65
Fluoranthene BDL 43.38 17.34 BDL BDL 14.04 6.93 BDL 9.25
Pyrene BDL 18.01 BDL BDL BDL 14.45 18.37 BDL 6.32
benzo(a)anthracene BDL 33.06 BDL BDL 16.71 Q0.5 17.54 18.46 4.08
Chrysene BDL 17.39 BDL BDL BDL 6.17 9.03 BDL 3.21
benzo(b,j,k)fluoranthene BDL 124.13 87.58 BDL A8 15.33 13.24 2.20 11.51
benzo(a)pyrene 40.28 62.10 40.58 27.58 38.07 .6551 52.33 59.63 8.80
indeno(1,2,3-cd)pyrene 5.24 29.46 BDL 15.31 62.7 20.40 12.05 18.52 4.25
dibenzo(a,h)anthracene 12.25 336.17 77.90 1.82 2.40 14.59 19.46 25.78 9.93
benzo(g,h,i)perylene 19.24 69.05 32.65 23.35 720 24.46 19.25 23.52 11.55
Total PAH 77.86 833.62 306.33 103.88 160.10 4810 212.01 215.92 -
*Efficiency (%) - 63.25 87.54 80.79 71.15 58. 74.09 -

* Efficiency (%) was calculated as percentage ctesnig TPAH with respect to 1 WAP. BDL
Efficiency was calculated only from mean value AHRobtained. LSD (0.05) = least significant diffiece among mean values on similar rows at 5% condieléevel.
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Table 3: Hazard quotient for ecotoxicity of polyaromatialhgcarbon contents of the soil in the present study
PAH (mg/kg) Original soil 1 WAP 3 MAP
used for the Mulched soil
study
No mulching Sawdust Wood Ash Dried weeds C. odorata Cow dung
Naphthalene [0.1] 0 6.1 0 171.6 145.2 138.3 110.2 162
Acenaphthene [20.0] 0 0.11 0 0 0 0 0 0
Fluorene  [30.0] 0 0.39 0.09 0 0.50 0.47 00.1 0
Phenanthrene [0.1] 0.85 747.90 448.40 4.20 207 12.51 21.40 8.90
Anthracene [0.1] 0 65.20 0 182.40 153.60 .aa7 139.20 172.80
Fluoranthene [0.1] 0 433.80 173.40 0 0 1@0.4 69.30 0
Pyrene [0.1] 0 180.10 0 0 0 144.50 183.70 0
benzo(a)pyrene [0.1] 40.28 621.00 405.80 275.80 380.70 516.50 523.30 596.30
Total PAH [0.1] 77.86
2054.60 1027.69 634.00 687.20 1099.88 1047.20 940.00
Values in bracket means HQ benchmark values [18)'sHivere calculated only from the mean values oletdifor PAH in Table 2.
Table4: Toxicity equivalency of polyaromatic hydrocarbamtents of the soil in the present study
PAH (mg/kg) Original soil used 1 WAP 3 MAP
for the study Mulched soil
No mulching Sawdust Wood  Dried C.odorata  Cow dung
Ash weeds
Benzo(a)anthracene [0.1] 0 3.30 0 0 0 2.05 1.75 1.84
Chrysene [0.01] 0 0.17 0 0 0 0.06 0.09 0
Benzo(a)pyrenez [1.0] 40.28 62.1 40.58 27.58 0B8. 51.65 52.33 59.63
Indeno(1,2,3-cd)pyrene [0.1] 0.52 2.94 N/A 1.53 0.27 2.04 1.20 1.85
Total TEC 40.80 68.51 40.58 29.11 38.34 55.80 55.37 63.32

Values in parenthesis means TEF benchmark vall8§sTEC were calculated from mean values of PAHabl& 2.
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Table5: Physiochemical parameters of the soil in the prieseidy from 1 WAP to 3 MAP

Parameters 3 MAP LSD
Original soil Mulched soil (0.05)
used for the 1 WAP :

study mull\cl:cr)ling Sawdust ng?wd v?gggs odgfata cCIZL?r\wlé

pH 5.58 5.75 5.63 6.02 6.89 6.25 6.85 6.84 1.05

EC (us/cm) 300 349 333 329 305 230 321 470 13

TOC (%) 0.41 5.81 4.68 5.68 5.98. 551 548 5.45 0.29

Total Nitrogen (%) 0.62 0.52 0.49 0.48 0.47 041 043 0.50 031

EA (meq/100 g soil) 0.20 0.52 0.44 0.49 0.52 043 039 0.54 011

Na (meg/100 g soil) 10.90 1.63 1.09 1.62 2.09 1.30  2.09 2.10 0.09

K (meq/100 g soil) 1.65 0.04 0.03 0.10 0.09 0.o07 010 0.12 0.01

Ca (meq/100 g soil) 15.60 3.68 350 4.29 4.28 325 367 5.24 0.56

Mg (meq/100 g soil) 11.30 3.09 2.89 2.39 3.05 244 208 3.93 1.01

P (mg/kg) 153.00 19.5 20.65 16.54 13.08 1352 12.09 15.62 2.65

NHJN (mg/kg) 25.40 20.21 20.32 18.62 20.61 2021 18.25 23.93 3.22

NO; (mg/kg) 15.01 13.36 11.09 10.65 11.03 10.36 11.11 11.29 2.98

NO; (mg/kg) 30.75 18.62 16.52 14.68 15.03 15.01 14.93 16.36 2.28

SO, (mg/kg) 14.63 48.21 36.58 42.65 49.33 50.66 50.34 54.92 6.21

Clay (%) 4.43 4.43 4.43 4.43 4.43 4.43 4.43 443 108

Silt (%) 7.82 7.82 7.82 7.82 7.82 7.82 7.82 782 150

Sand (%) 87.82 87.82 87.82 87.82 87.82 87.82 87.82 87.82 3.22

Fe (mg/kg) 1009.21 1539.24 987.62 821.65  798.68 837.14 931.83  970.82 54.21

Mn (mg/kg) 15.29 32.65 28.41 18.04 20.55 2021 21.22 23.56 6.32

Zn (mg/kg) 12.03 91.54 81.65 78.65 79.65 78.30 75.37 62.95 8.24

Cu (mg/kg) BDL 54.36 35.25 30.65 32.06 29.12 24.46 33.69 4.22

Cr (mg/kg) BDL 9.35 5.09 4.98 4.98 5.56 3.03 5.80 0.84

Cd (mg/kg) BDL 5.26 422 463 4.69 450 3.56 470 0.71

Pb (mg/kg) BDL 6.58 4.68 4.19 4.96 4.38 5.01 5.11 1.03

Ni (mg/kg) BDL 3.64 2.60 1.98 2.33 2.56 213 3.78 0.09

V (mglkg) BDL 3.95 2.19 1.68 2.49 2.30 1.84 2.91 018

BDL below detectable limit (< 0.0001 mg/kg or*tfiy/kg). LSD (0.05) = least significant differenaaang mean values on similar rows at 5% confideacell
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Table 6: Contamination factor of mean heavy metal contehtle soil in the present study

Parameters  Original soil 3 MAP
used for the 1 WAP Mulched soil
study No mulching Sawdust Wood Ash Dried weedsC. odorata Cow dung
Fe 1009.21 1.52 0.97 0.81 0.79 0.82 0.92 0.96
Mn 15.29 2.13 1.85 1.17 1.34 1.32 1.38 1.54
Zn 12.03 7.60 6.77 6.53 6.62 7.33 6.26 7.72
Cu >1d >1¢ >1¢ >10 >10' >10' >10° >10'
Cr >1d >10° >10° >10' >1¢' >1¢ >1¢° >1¢
cd >1d >1¢ >1¢ >1¢ >1¢' >1¢' >10' >1¢'
Pb >1d >1¢ >1¢ >1¢ >1¢' >1¢' >10' >1¢'
Ni >10' >10° >10° >10' >10' >10' >10° >10'
v >10' >10° >10° >10' >10' >10' >10° >10'
Table 7: Hazard quotient for determining of toxicity of nmelaeavy metal contents of the soil in the presermlys
Parameters 1 WAP 3 MAP
Mulched soil
No mulching Sawdust Wood Ash Dried weeds C. odorata Cow dung
Hazard quotient to determine ecological toxicity
Fe 7.69 4.93 4.10 3.99 4.18 4.65 4.85
Mn 0.32 0.28 0.18 0.20 0.20 0.21 0.23
Zn 1.83 1.63 1.57 1.59 157 1.50 125
Cu 1.35 0.88 0.76 0.80 0.72 0.61 0.84
Cr 9.35 5.09 4.98 4.98 5.56 3.03 5.80
Cd 131 1.05 1.15 117 112 0.89 117
Pb 0.13 0.09 0.08 0.09 0.08 0.10 0.10
Ni 0.12 0.08 0.06 0.07 0.08 0.07 0.12
\Y 1.97 1.09 0.84 1.24 1.15 0.92 1.45
Hazard quotient to determine toxicity to microlaativities and processes

Fe 7.69 4.93 4.10 3.99 4.18 4.65 4.85
Mn 0.32 0.28 0.18 0.20 0.20 0.21 0.23
Zn 0.91 0.81 0.78 0.79 0.78 0.75 0.63
Cu 0.54 0.35 0.30 0.32 0.29 0.24 0.33
Cr 0.93 0.50 0.49 0.49 0.55 0.30 0.58
Cd 0.26 0.21 0.23 0.23 0.22 0.17 0.23
Pb 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ni 0.04 0.02 0.02 0.02 0.02 0.02 0.04
\ 0.19 0.10 0.08 0.12 0.11 0.09 0.14
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No mulching Sawdust Wood Ash Dried weeds C. odorata Cow dung
Bacterial species
Achromobactesp + + - + + +
Bacillus pumilis + + + +
B. subtilis + - + + + +
Sarcinasp + + - - - +
Micrococcusvarians - + + + +
M. luteus - - - - - +
Proteus vulgaris - + - + + +
Pseudomonas aeruginosa + - + + + -
Het. bacteria (x 10cfu/g) 2.3 2.8 2.5¢ 2.6* 2.8 3.7
Hyd. Deg. bacteria (x £&fu/g) 1.8 1.0 2.0 1.8 2.0 2.0
% Hyd 65.22 35.7 80.0 69.2 71.4 62.5
Fungal species

Aspergillus niger + + + + + +
A. fumigatus - + - + + +
Penicilliumsp - - - - - -
P. notatum + + + + - -
Fusariumsp - - - - - +
F. solani + - - + + _
Rhizopussp + + + - + +
Het. Fungi (x 18¢fu/g) 2.9 2.3 1.8 2.2 1.8 2.0°
Hyd. deg. Fungi (x 10cfu/g) 1.8 1.5¢ 0.7 1.0¢ 1.1 1.1
% Hyd 62.0 65.2 38.8 454 61.1 55.0

(+)= present, (-)=absent, %Hyd=Percentage hydrocamdegraders, Het= Heterotrophic. Means of valuedte same rows carrying the same
superscript alphabets do not differ significany0.05) from each other.
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Table 8 presents microbial composition in the medcland unmulched soils at 3 months after pollut®eth bacteria and fungi species
were present in the soAchromobacteisp, Bacillus pumilis B. subtilis, Sarcinsp, Micrococcusvarians, M. luteus, Proteus vulgaris,
Pseudomonas aeruginoseere dominant bacteria species in the present suidle Aspergillus niger, A. fumigatus, Penicilliusp, P.
notatum, Fusariunsp, F. solani, Rhizopusp were dominant fungi species in the presentysandi it was observed thit. luteusand
Fusariumsp were absent in all soils except cow dung-mulddwl. Percentage hydrocarbon-degrading bact8@®%) was highest in the
wood ash-mulched soil, where as it was least irsétivedust-mulched soil. similarly, percentage hydrbon-degrading fungi ranged from
38.8% in the wood ash-mulched soil to 65.2% in sasivnulched soil

WEO pollutants usually inhibit soil microbial degpment. These effects of microorganisms on thene neen reported to depend on the
concentrations of the pollutant [40]. The preseaté¢hese organisms in pollutants must have beea ssult of their tolerance to the
pollutants. However, different species of microbes capable of degrading different groups of hyaroeons, found in oil [41]. Therefore,
the microorganism in the present study may have beelved in the remediation process, considetirggfact that they were prevalent,
even in high concentrations of pollution.

Soil organic mulches have an enormous potentialustaining diverse populations of microorganisnts, tleey are capable for
bioremediation. They can act as a soil ameliorapgable of changing pH, moisture content, salinéyperature, soil structure and acting
as a nutrient source, thereby improving the comated soil environment for indigenous microbial @eigitive activity [8]. Such organisms
including bacilli, pseudomonads, mesophilic, thephitic and lignin-degrading fungi, all with the potial to degrade a variety of
aromatic pollutants. In the present study, it waseoved that the saw dust mulched soil had thetegeaercentage of hydrocarbon
degrading fungi. This may be due to the fact thatdaw dust substrate provided more conducive @mvient that supported their growth
and probably produced substrate matrix duringribsvth that were used in metabolizing the hydrocasbo

Effects of mulching on seedling development of @sp Zea mayyfor up to 3 weeks after sowing showed that peegsn seedling
emergence at 1 week after sowing (WAS) in the obifnpolluted soil) was 100%, compared to 36.8h%he unmulched oil-polluted soil
(Table 9). Percentage emergence in the mulched smilged from 55.56% in the dried weeds-mulcheldtsd8.88% in the saw dust-
mulched soil. At 1 WAS, seedling height was 12.6% being the highest in all the mulched treatmeantsl, lowest in cow dung-mulched
soil (8.95 cm). Seedling height in the control, lesar, was 18.62 cm (Table 9). It took 10.52 dayss&edlings in the non-mulched oil-
polluted soils to experience leaf chlorosis, coragap 19.21 days in the seedlings in the sawdustirad soils. Percentage survival in the
mulched soils ranged from 48.65 — 87.62%, comptretb.98% in the unmuiched oil-polluted soil. Petege survival in the control was
100%. Oil-polluted soil could also become unsuidor plant growth due to a reduction in the lesfedvailable plant nutrients or a rise to
a toxic level of elements such as manganese [4123.Heavy metal content of oil-contaminated sopdases metabolic disorders and growth
inhibition on most of the plant species

One major hindrance to germination and organisnaigirin the soil is the hydrophobic nature of @l which can be caused by PAH
presence. Cerniglia [43] reported that PAHs arerdpidobic compounds and their persistence in theisachiefly due to their low water
solubility condition which can lead to plant exgerting water loss. Oil-polluted soil hampered groamd development dfea maysised
as biotest. However, this condition was allevidbgdvarious mulching material such as sawdust, waslt driedC. odorata cow dung
used due to their various physical, chemical altbbical properties [44] and some already estabtistacts which was earlier discussed.
Also, the enhanced nitrogen mineralization may sutiglly stem from the turnover of microbial biossaas Bondet al. [45] estimated
that microbial biomass contributed to 55-89% dditatineralized nitrogen during a 40 week incubapeniod.

Table 9: Effects of mulching on seedling development of tesp Zea mayyfor up to 3 weeks after sowing.

Percentage Height of 1st Day of Day of noticed Percentage survival
emergence (%) emergentinl noticed yellowing leaf necrosisin  of emergents at

@ 1 WAS WAS (cm) (DAS) plant (DAS) 3WAS
Control 100.00 18.6Z 0 ] 100.06
No mulch 36.81 7.36' 10.52 15.95 25.98
Sawdust 88.98 12.68 19.2F 31.66 87.62
Wood ash 77.78 10.68" 13.2% 21.62 65.39
Dried weeds 55.56 8.98° 14.2F 21.05 56.98°
C. odorata 77.78 9.9 13.68 19.25 48.65
Cow dung 66.67 8.95¢ 18.65 26.9% 63.88
Mean (mulched)

67.25 9.77 14.92 22.75 58.08

Means on the same column with similar alphabetpesscripts do not differ from each other signifitdgr{p.>0.05)

Enhancement of microbial biomass and activitiesotential nitrogen availability may reflect thept productivity. Osubor and Anoliefo
[46] have extensively studied the effects of oillggion on seed germination of crop plants, aridagtee that oil pollution adversely
affected crop germination. Udo and Fayemi [42] regubthat maize germination was adversely affetiedhe pollution of the soil and
effect being proportional to the level of crude pdllution and oil contaminated soil, generally siag delayed seed emergence. But
according to the present studga mayshowed quick and proper growth 3 months after hintchas been carried out on the polluted soil
which therefore means that remediation was effectiv

Conclusion

According to the present study, the addition of soliendments enhanced the soil's remediative chipedhi The use of sawdust was
preferable for the intrinsic bioremediation polyauatic hydrocarbons.
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