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ABSTRACT KEYWORDS
Samplesof garden topsoil (0— 15¢m) at atmospheric temperature and about Bioremediation;
50% moisture content, with no previous history of pollution were spiked Ash;
with 100mL Bonny light crude oil. The soil-oil mixture (250g of soil to Crudeoil;
100mL of oil) wastreated with ash made from oil palm empty fruit bunches Degradation;
and allowed to stand for two weeks, with the aim of elucidating the ability TPH;
of the ash to degrade petroleum hydrocarbons present in the oil. Results PAH;
obtained from the study reveals that two weeks after the treatment, there Qil palm empty fruit bunches
was complete removal of the saturated hydrocarbons (TPH) and a (CEFB).

significant degradation of polycyclic aromatic hydrocarbons (PAHS). This
degradation was affirmed by the reduction of the TPH of thetreated sample
from 9,743.0 mg/kgto zero and PAH concentration from 237,230.90mg/kg
to 19,107.00mg/kg. The striking feature of this degradation pattern is the
fact that though PAH water solubility, and thus bioavailability, decreases
with anincreasein molecular massof oil. High molecular weight PAHslike
indeno - (1,2,3 — ¢,d) pyrene and 1,1,2-Benzoperylene were completely
degraded whereas lower molecular fractions like fluoranthene and pyrene
were gtill available. Thismay beattributed to thetreatment of soil-oil mixture
with ash made from oil palm empty fruit bunches which has rich
concentration of nutrients like phosphate, nitrate and the metal ions such
a potassium. It may therefore be deduced from the above that ash made
from oil palm empty fruit bunches can be used for bioremediation of crude
oil contaminated soil. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION dependence on petroleum asamajor source of energy

throughout theworld, rapidindustrialization, popula-

Contamination of soil environment by hydrocarbons  tion growth and compl ete disregard for the environ-
(mostly petroleum hydrocarbons) isbecoming prevas mental health. Theamount of naturd crudeoil seepage
lent across the globe. Thisis probably dueto heavy wasestimated to be 600,000 metric tonsper year with
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arange of uncertainty of 200,000 metrictons per year.
Releaseof hydrocarbonsinto the environment whether
accidentdly or dueto human activitiesisamain cause
of water and soil pollution™. Thesehydrocarbon pol-
Iutantsusud ly caused disruptionsof natura equilibrium
between theliving speciesand their natural environ-
ment. Hydrocarbon components have been known to
belong tothefamily of carcinogensand neurotoxic or-
ganic pollutantg®.

Sinceoil pollutionisaworldwidethreat to theen-
vironment, hence theremediation of oil-contaminated
soils, sediments and water isamajor challengefor
environmenta research. Biologica remediation, apro-
cess defined asthe use of microorganismsor plantsto
detoxify or remove organic and inorganic xenobiotic
compounds from the environment isaremediation
option that offersa““green technology” solution to the
problem of environmental degradation. Thisprocess
relied upon microbia enzymatic activitiesto transform
or degradethe contaminantsfrom the environment. It
offersacost effective remediation technique, com-
pared to other remediation methods, becauseitisa
natural process and does not usually producetoxic
by-products. It also provides a permanent solution as
aresult of completemineraization of the contaminants
in the environment. Advantages of biological
remediation compared to other treatment methodsin-
clude: i) destruction rather than transfer of the con-
taminantsto another medium, ii) minimal exposure of
workersto the contaminants, iii) longterm protection
of public health and possiblereductionintheduration
of theremediation process®?.

Variousstudiessuch asthoseof Osuji et. d., 20063,
Osuji and Nwoye 2007, Ubochi et. al., 2006, Ebere
et. a., 2011 and others has affirmed the effectiveness
of organicfertilizersin bioremediation. The objectives
of thisresearch assessesthe effectiveness of ash made
from oil pam empty fruit bunches (OEFB) in
bioremediation of garden topsoil spiked with bonny light
crudeoil, whichisthemost abundant crudeoil inthe
Niger-Delta, Nigeria. Thedepletion of saturated hy-
drocarbonswithin the C6 — C40 range (aliphatic hy-
drocarbons) aso referred to as Total petroleum Hy-
drocarbons (TPH) and polycyclic aromatic hydrocar-
bons (PAH) were assessed within two weeks of treat-
ment.
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MATERIALSAND METHODS

Samplecollection

Garden topsoil (0-15 cm) at atmospherictempera-
ture and about 50% moi sture content, with no previous
history of crude oil contamination wascollected from
Abak Itengein Abak Loca government Areaof Akwa
Ibom State, Nigeria. Thecrudeoil (Bonny light) was
obtained from Technology Partnersinternationa Nige-
riaLimited, Port Harcourt. The Oil palm empty fruit
buncheswere obtained from apam oil mill at Abak
ItengeinAbak Loca Government Areaof Akwalbom
State. These sampleswere sundried for oneweek be-
fore they were ashed in the oven at 100°C. The ash
wasstored in air tight containersat room temperature
and portionsweretaken from therefor analyses.

Samplepreparation

250 g of garden topsoil sampleswereweighed into
two perforated Aluminium containers. Each of the soil
samplesinthevariouscontainerswerethen spiked with
100mL of Bonny light crudeail. Thesoil-crudeoil mix-
turein each of the containers was stirred to achieve
homogeneity. 50g of the ash was added to the sample
inthefirst container (treated sample), stirred againand
allowed to stand for two weeks. Thetwo sampleswere
exposed to natural environmenta conditionsof tem-
perature, light and water, and stirred daily within the
two weeksto enhance homogeneity and aeration. The
samplewithout the ash (untreated sample) served as
thecontrol sample.

Oil extraction and gaschromatographic analyses

1g of each of the sampleswasweighed into well
labeled clean and dry vidsand 10mlisof pentanewas
added to them. The samplesweighed stirred using a
magnetic stirrer for about 5 minutes beforethey were
alowed to concentrateto 1ml. Theextractswerefrac-
tionated into diphatic fractionsby adsorptionliquid chro-
matography using acolumn of uminaand silicage,
while pentanewas used as gradient solvent. The ex-
tracts were concentrated to 1ml and these were sub-
jected to analysig®.

TheTota petroleum hydrocarbon (TPH) and Poly-
cyclicaromatic hydrocarbon (PAH) of thesampleswere
determined using aHewlett Packard 6890 gas chro-
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matograph madeby Agilent (USA) withthefollowing
operational conditions; flow rate (H, 30ml/min, air
300ml/min and N,, 30ml/min), injection temperature
(50°C), detector temperature(320°C). For signals, the
GC was interfaced to a Hewlett Packard (hp) com-
puter.

RESULTSAND DISCUSSIONS

Total petroleum hydrocarbon (TPH)

Tota petroleum hydrocarbons(TPH) isreferredto
as cumul ative concentrations of petroleum hydrocar-
bong*?, Itisaso aterm used to describealargefamily
of several hundred chemical compounds present in
crudeoil™, Theinitial TPH of the untreated sample
(TABLE 1) was 9,743.0 mg/kg whereas two weeks
later, the TPH of thesample, 9491.9mg/kg (TABLE 1)
reved ed that the samplehad undergonedight dteration.
Theseresults show that the samples had aconcentra-
tion of n-akaneswithinthen-C , ton-C_, rangewith
n-C,, having theleast concentration whilen-C , had
the highest concentration. The TPH of thetreated sample
which was obtained two weeks after the treatment
(TABLE 1) show that the hydrocarbonswithinthen-
C,, ton-C_, range had been completely degraded. This
may be ascribed to the treatment of the later sample
with ash made from oil palm empty fruit bunches
(OEFB). Theahility of the ash to cause degradation of
hydrocarbons may be due to the fact that it hasrich
concentration of nutrients. Udoetok, 2012 reported that
thisash contain metal ssuch as Chromium, Zinc, Cal-
cium, Potassium, Sodium, and Magnesium and anions
such as Phosphate, Nitrate, Sulphate and Chloride.
Nutrients such as Nitrate and Phosphate along with
metal ion specieslike Potass um has been reported to
enhancethe degradation of Hydrocarbonsby increas-
ing the hydrocarbon degrading potentialsof microor-
ganismswhichfeed on hydrocarbons astheir source of
energy. Chorom et. al., 2010 showed that the hydro-
carbon-degrading and heterotrophic bacteriacount in-
creased and heterotrophic bacteriapopul ation increased
from 6x102 cfu/g soil to 1.4x108 cfu/g soil when soils
weretreated with NPK fertilizer. Thestudiesof Ubochi
et. d., 2006 d so affirmed the enhancement of micro-
bial utilization of hydrocarbonswith the application of
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nutrients.

TABLE 1: Total petroleum hydrocar bon of untreated and
treated samples

Amount (mg/kQ)

Untr eated Treated
Hydrocarbon  untreated Sarmol Sample
Fraction Sample mple (Two
(Two weeks
(Day 1) | week's
ater)
later)
C6 -
c7 -
c8 -
Cc9 -
C10 -
Cl11 - -
C12 255.2 220.2
Cl4 3,003.0 3,000.0
C16 947.1 905.1
C18 960.0 955.0
C20 1,280.1 1,260.7
C24 643.4 630.2
Cc28 456.9 420.4
C32 2,197.3 2,100.3
C36 -
C40 - - -
Total 9,743.0 9491.9 0

Polycyclic aromatic hydrocarbons(PAHS)

Polycyclic aromatic hydrocarbons (PAHS) area
classof organic compoundsthat cons s of two or more
fused benzeneringsand/or five-membered ringsthat
arearranged invariousstructural configurations. They
arehighly recal citrant moleculesthat can persistinthe
environment dueto their hydrophobicity and low water
solubility™. Somerepresentative PAHsare shownin
Figure 1 below.

Resultsobtained from thisstudy (TABLE 2) show
that there was abundance of PAHs in the untreated
sample on thefirst day of the study and two weeks
later. It revealed a total PAH concentration of
237,230.90mg/kg on thefirst and 237,088.50mg/kg
two weeks|ater for theuntreated sample. It aso shows
that Pyrene, afour-membered ring PAH wasthe most
abundant. Theseresults show that the hydrocarbons
wereonly dightly degraded two weeksafter. However,
theresult obtained for the treated sampl e showsthat
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two weeksafter the treatment of the oil-contaminated
soil with ash madefrom oil palm empty fruit bunches,
the hydrocarbons had been severely degraded asde-
picted by the reduction the PAH concentration from
237,230.90mg/kgto 19,107.00mg/kg. Thestriking fea
ture of thisdegradation pattern isthefact that though
severa studieslikethat of Wilson and Jones, 1993 has
reportedthat PAH water solubility andthusbioavail gbility
decreases with an increase in molecular mass, high
molecular weight PAHslikeindeno-(1,2,3—c,d) pyrene
and 1,1,2-Benzoperylenewere compl etely degraded
whereas|ower molecular fractionslikefluorantheneand
pyrene (Figure 1) werestill available. Thismay be at-
tributed to therich concentration of nutrientslike phos-
phate, nitrate and the metal Potassium in the ash*?,
The presenceof these nutrientsmay have enhanced the
degradation ability of themicroorganismsinthesoil such
that they wereableto attack the polycyclicringsof the
hydrocarbonsthusbeing ableto completely utilizethem
astheir source of energy.
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Figurel: Representative of PAHs(adapted from Bamforth
and Singleton, I. 2005).

M echanism of degradation

Studies on characterization the ash used in this
remediation asreported by Udoetok, 2012 reved sthat
the ash hasarich concentration of nutrientswhilethe
suspension produced by adding water totheashisal-
kaine (hasapH of 10.9). Hea so said that thefiltrate
obtai ned from the above suspension hasthe ability of
emulsifying pamoil. Thistherefore pointsto thefact

Solubility 0.07 mg L'

BEMNZOLA|PYRENE
MW 252 3
Scolubility 0.003 mge LY
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the degradation of the hydrocarbons may havefollowed
oneor both of thefollowing mechanisms proposed be-
low:

TABLE 2: Polycyclic aromatic hydrocar bon of untreated
and treated samples

Amount (mg/kg)

Hydrocar bon Fraction Untreated Untreated Treated
Sample Sample (Two Sample (Two
(Day 1) weekslater) weekslater)

Naphthalene

Acenaphtylene

Acenaphthene

Fluorene

Phenanthrene 1,449.4 1,440.4

Anthracene 3,356.9 3,342.6

Fluoranthene 30,784.1 30,748.3 1,481.0
Pyrene 64,347.9 64,327.2 1,412.3
1, 2 DiBenzanthracene 14,925.5 14,900.5 10,452.2
Benzo (b) Fluoranthene 18,695.0 18,687.0 5,761.5
Benzo (k) Fluoranthene 10,813.2 10,802.8

Benzo (a) Pyrene 33,590.2 33,580.6

Indeno-(1,2,3 -c,d) Pyrene 15,502.6 15,498.6

1,2,5,6 DiBenzanthracene  17,000.6 17,000.0
1,1,2-Benzoperylene 26,765.5 26,760.5

Total 237,230.90 237,088.50  19,107.00

Degradation through emulsification

Anemulsionisamixtureof two or moreliquidsthat
arenormaly immiscible (non-mixableor unblendable).
Theability of thefiltrate obtained from the suspension
of thisashtoemulsify pam oil suggeststhat thissolution
can also emulsify crude ail, though the two types of
oils, may exhibit differences. Sincetheoil-contaminated
soil was exposed to natural environmental conditions
of temperaturelight and water, it may be deduced that
rainwater may have been in contact with the oil-con-
taminated soil/ash mixture, leading to the creation of
favourableconditionsfor theemulsfication of theail in
themixture.

Degradation by microorganisms

Severd studiessuchastheoneof Osuji et. d., 2006
has shown that microorganismsare ableto utilize hy-
drocarbons as the sole source of their energy. They
reported the attenuation of petroleum hydrocarbonshby
mi croorgani smswithin two seasonal variations of two
and six monthsrespectively. Thisobservationindicates

Snoivonmental Science
A Jndian ﬂo«/md



ESAIJ, 8(6) 2013

I.A.Udoetok et al.

that the degradation of petroleum hydrocarbonsinthis
study may have been dueto the enhancement of their
hydrocarbon degrading ability by thetreatment of the
samplewiththenutrient-rich ash. Thenutrientsinthe

225

—== Qurrent Ressarch Pepser

ash may have boosted the hydrocarbon degrading po-
tential of themicrobesthusresultinginthecomplete
disappearance of saturatesand asignificant ateration
of the PAH profileof theail.
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Figure?2: Fingerprint showing TPH of thesamplesbefor etr eatment.
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Figure3: Finger print showing PAH profile of the sampleafter treatment

Harcourt for facilitating thisresearch.
CONCLUSIONS

Thetreatment of crude oil contaminated soil with
ash madefrom oil palm empty fruit bunchesrevealed
that after two weeks of treatment, therewas complete
disappearance of the saturated hydrocarbonswhilethe
polycyclic aromatic hydrocarbon profile of theoil was
sgnificantly dtered. Thisshowsthat thisashwhich has
been confirmed to possessrich concentration of nutri-
ents and potassium ions species can contribute to
bioremediation. This study has also proposed the
mechani sm of degradation of the hydrocarbonswhich
may bethrough degradation by microorganismsand/or
degradation through emul sification. Thereisneed for
further studiesonthissubject so asto ucidatetheac-
tual mechanism of degradation that took placeinthis
study.
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