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ABSTRACT

Theuse of groundnut shellsinreclaiming crude oil spilled soil wasstudied.
The groundnut shell was found to contain nitrogen (1.20%), phosphorus
(18.50 ppm) and hydrocarbon degrading bacteria. The results of
bioremediation studies revealed that the counts of crude oil degrading
bacteria (CDB) in oil polluted soil amended with groundnut shells was
about 100% higher than that of unamended polluted soil. The crude oil
degrading microorganisms identified were species of Micrococcus,
Bacillus, Acinetobacter, Penicillium, Aspergillusand Fusarium. Therate
of crude ail loss (biodegradation) in soil was higher in oil polluted soil
amended with groundnut shell (60.90%) than that of unamended soil
(44.20%). Therate of biodegradation of crude oil in the amended soil was
significantly different (P >0.05) than the unamended soil. The results of
this study indicate that groundnut shell can be useful in reclaiming oil
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polluted soil.

INTRODUCTION

Oil spill both onland andin water have beenaprob-
lem sincethediscovery of oil assourceof fud. They
can have devadtating effectson the biotaof anenviron-
ment. Oil spillsand wastes dischargeinto the seafrom
refineries, factoriesor shipping contal Nspoi Sonouscom-
poundsthat are potential danger to plantsand animals.
The poisonscan passthrough thefood chain of anarea
and may eventually be eaten by humang?. Petroleum
hydrocarbonsrel eased into the environment can pose
risk to ecosystemsand humean heglth. Some compounds
in petroleum products are known to be mutagenic and
carcinogenic?.
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Microbial degradation of crude oil asameans of
clearingoil spillsinthenatura environmentisadow
process and therefore, stimulated biodegradation
through microbia seeding, gpplication of fertilizer, till-
ingandliming (if thesoil isacidic) or acombination of
al thesemethods may betheanswer®3. Various mate-
rials have been used to rehabilitate oil-polluted envi-
ronment. Theseinclude chicken droppings, and peri-
winkleshd 58, Pogitive effectsof nitrogen amendment
onmicrobial activity and/or petroleum hydrocarbon
degradation have been widely demonstrated”®.

Agricultura wastes such as groundnut shell are
abundant in the Nigerian environment and constitute
waste disposal problem. They are cheaper to obtain
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thaninorganicfertilizer; thereforeit may be necessary
to utilize groundnut shell to enhance bi odegradation of
oil spilled soils.

Theam of thisstudy wasto determinethe potentia
of groundnut shellsin enhancing microbid activitiesfor
petroleum degradationin soil.

MATERIALSAND METHODS

Collection of samples

Ubefan crudeoil (Nigerian light crudeoil) wascol-
lected from KadunaRefining and Petrochemicd Com-
pany, Nigeria. The oil was collectedin sterile bottle
and transported to the laboratory for use. The soil
sample used for bioremediation study was collected
from thefarm of the school of Agricultureand Agri-
cultural Technology (with no history of petroleum pol-
lution), Federd University of Technology, Minna. The
groundnut shellswere collected from Bosso Town,
Minna, Niger State, Nigeria. The groundnut shells
weregrindedinto fine power with Nulux mills(Model
RPM SR 400-061, Bombay, India) to passthrough a
seveof 2mmmeshsize.

Biostimulation studies

Two kilogrammes (2kg) of soil sampleeach was
introduced into 3 different plastic containers (PC) la-
beled Ato C. (PC) A and B wastreated with 10% (w/
v) of crudeail each. While (PC) |labded C had no crude
oil and served asacontrol. (PC) A wastreated with
400g of grinded groundnut shells. 200ml of steriledis-
tilled water wasintroduced into each of the PC and the
contentswerethoroughly mixed and incubated at room
temperature (28+2°C), the experiment was set up in
triplicates. Periodic sampling of soil fromeach PCwas
carried out every seven daysfor the period of 28 days.
Thesampleswereandyzed for resdua tota petroleum
hydrocarbon (TPH), changesin pH, moisture contents
aswell astotal aerobic heterotrophic bacteria, crude
oil utilizing bacterial and fungd counts.

Biodegradation of crudeoil in soil

Theamount of crudeoil degradedineach soil sample
was determined by theweight lossmethod of Bossert
and Barthd®. Thiswas done by suspending 10g of soil
in 25ml of diethyl etherina50ml conical flask. This
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conical flask was shaken vigorously at 200 rpm for
1hour on an orbital shaker to extract theoil. The sol-
vent - oil mixturewastransferred dowly into abeaker.
Thiswasrepeated until all the oil was extracted from
thesoil. Thediethyl ether oil mixtureinthebeaker was
filtered usng Whatman No. 1 filter paper into abeaker
of known weight. The diethyl ether was allowed to
evaporate completely at room temperature (28+2%)in
afume chamber. The new weight of the beaker con-
taining residua oil wastaken and the percentage bio-
degradation of crudeoil was cal culated using thefor-
mulaof Bento et al "%,

Microbial countsand isolation

Ten grams(10g) each of sampleswere suspended
in90ml of sterilewater and sevidly diluted. Thediluted
sampleswere plated on nutrient agar (NA), oil agar
(OA) (1.8gK,HPO,, 4.0gNH,CI, 0.2g MgS0,.7H.0,
1.2g KH,PO,, 0.01g Fes0,. 7H,0, 0.1g NaCl, 20g
agar, 1% crude oil in 1000ml distilled water, pH7.4),
and Potato dextrose agar (PDA) for the enumeration
of total aerobic heterotrophic bacteria(AHB), crude
oil utilizing bacteria(CUB) and fungi respectively. The
NA and OA wereincubated at 37°cfor 48 hourswhile
PDA wasincubated at room temperature (28+ 2°c) for
72 hours. Colonieswhich devel oped ontheplateswere
counted and recorded as colony forming units per
grammeof sample(CFUg?). Thebacterid isolateswere
characterized after Gram staining and biochemical tests
by comparingtheir characteristicswith those of known
taxaasoutlined in Bergey’s manual of systematic bac-
teriology!¥. Thefungi isolateswere characterized based
on macroscopi ¢ and microscopic examination® and
identified usng theschemeof Alexopoulosand Mimg*2,

Deter mination of pH of samples

The pH of the sampleswas determined using pH
meter (crison micro pH 2000 model). Five grammes
(59) of thesampleswere suspendedin25ml of ditilled
water and mixed well. The pH meter was standardized
at pH 7.0 using phosphate buffer solution after which
thepH of the samplesweredetermined intriplicates.

Utilization of crudeoil by microbial isolates

Theability of themicrobid isolatesto grow onand
utilize crude oil asasource of carbon and energy was
determined by the method of Okpokwasili and
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Okorie®3. For bacteria isolates 0.1ml of 24 hoursold
nutrient broth grown culturewasinocul ated into each
test tube containing 10ml of sterilemineral saltsme-
dium of Zgjic and Supplisson*4 and 1 percent (v/v)
crudeoil. Control tubescontaining 10ml of minerd sats
medium plus 1 percent (v/v) of crudeoil, but with no
added organismswasalso set up.

Fungal ability to grow on crude oil wastested by
inoculating 0.1ml of funga sporesinto 10ml of Bushnell
and Hass*® medium contained in test tubes. Control
experiment wasaswell set up for fungi. Tubesinocu-
lated with bacterial isolateswereincubated at 30+ 2°C
for 16 days while those of fungal isolateswereincu-
bated at room temperature (28 + 2°c) for 21 daysunder
astationary condition. At theend of incubation period,
thegrowth of inoculawas determined by visual obser-
vation of oil medium turbidity and each tube assigned
(+) to (+++) depending upon theintengity of thegrowth.

RESULTS

Theresults (TABLE 1) show themicrobiological
and physiochemicd propertiesof groundnut shellsand
s0il used for bioremediation studies. Thecountsof agro-
bic heterotrophic bacteria(AHB) rangesfrom 4.2x10*
to 3.5x10°cfug?, countsof crudeail utilizing bacteria
(CUB) rangesfrom 2.0x10* to 3.0x 10°cfug* whilethat
of fungd countsrangesfrom 7.0x10 to 1.5x10%cfug?
for both groundnut shell and soil sample used for
bioremediation. The physicochemical properties of
groundnut shellsand soil show variationintheir vaues.

TABLE 1: Microbiological and physicochemical prope-
rtiesof groundnut shellsand soil used for bioremediation

Value®
Par ameter
Groundnut shell Sail
pH 6.47+0.3 6.99+0.3
Nitrogen (%) 1.20+0.2 0.06+0.01
Phosphorus (ppm) 18.50+ 0.4 22.00+ 1.0
Moaisture (%) 1.20+0.1 3.00+0.2
Total aerobic bacteria 4.2x10* CFUg®  3.5x10°CFUg*
Crudeail utilizing bacteria  2.0x 10' CFUg?  3.0x10°CFUg*
Total fung 7.0x10' CFUg?  1.5x10°CFUg*

@ = Mean of triplicates

TABLE 2 showsthe pH of polluted soil amended
with groundnut shells. The pH of unamended polluted

soil ranges from 7.37 to 8.21 that of polluted soil
amended with groundnut shellsrangesfrom 7.50t0 7.78
whilethat of unpolluted soil rangesfrom 7.4t0 7.73
within the 28days of the studly.

TABLE 2: pH of oil polluted soil amended with groundnut
shells

Sampling pH Values®
Period (days) A B C
0 737+£0.5 750+04 7.14+0.6
7 793+0.1 754+03 7.63+0.5
14 807+£04 757+05 7.73+0.7
21 810+1.0 7.78+0.6 7.31+0.8
28 821+03 7.57+05 7.29+0.6

a=Mean of triplicates; A = soil + crude oil; B = soil + crude oil
+ groundnut shells; C = soil only

TABLE 3 showsthe counts of aerobic heterotrophic
bacteria(AHB) inpolluted soil amended with groundnut
shell. Thecountsof AHB in unamended polluted soil
rangesfrom 2.0x10° to 10.0x10°cfug that of oil pol-
luted soil amended with groundnut shellsrangesfrom
12.0x10°t0 30.0x 10 cfug*whilethat of unpolluted soil
rangesfrom 25.0x 10° cfug™ to40.0 x10°cfug™.

TABLE 4 showsthe counts of crudeoil utilizing

TABLE 3: Countsof aerabic heterotrophic bacteria (AHB)
in oil polluted soil amended with groundnut shells.

I ncubation Bacteria counts (10° CFUg™)
Period (days) A B C
0 3.0 12.0 30.0
7 6.0 12.0 25.0
14 2.0 15.0 40.0
21 10.0 30.0 30.0
28 8.0 28.0 35.0

A = soil + crude oil; B = soil + crude ail + groundnut shells; C
= sail only

TABLE 4: Countsof crudeoil utilizing bacteria (CUB) in ail
polluted soil amended with groundnut shells.
Crude ail utilizing bacterial counts

I npubation (10° CFUG™)
Period (days) A B C
0 25 2.0 3.0
7 2.0 4.0 2.2
14 1.0 6.0 2.0
21 4.0 8.3 2.0
28 35 12.0 2.5

A = soil + crudeoil; B = soil + crude oil + groundnut shell; C =

sail only
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bacteria(CUB) in polluted soil amended with ground-
nut shells. The counts of CUB in unamended polluted
soil rangesfrom 1.0x10° to 4.0x10°cfug* that of pol-
luted soil amended with groundnut shellsrangesfrom
2.0x10°to 12.0x10°cfug* whilethat of unpolluted and
unamended soil rangesfrom 2.0x10° to 3.0x10°cfug™.

TABLE 5 adsorevealedthe countsof tota fungi in
polluted soil amended with groundnut shells. Thecounts
of total fungi in unamended polluted soil rangesfrom
6.0x10 to 12.0x 10'cfug* that of soil amended with
groundnut shellsrangesfrom 7.0x10* to 15.0x10'cfug
twhilethat of unpolluted soil rangesfrom 8.0x10* to
18.0x10%cfug™.

TABLE 6 showstherateof biodegradation of crude
oil in soil amended with groundnut shells. The percent-
agerateof crudeoil degradationinunamended soil ranges
from 10.0 - 44.2 % degradation, while that of soil
amended with groundnut shellsranged from 8.50 - 60.90

TABLE 7 showstheresult of the potentia of the
microbial isolatesto utilized crude oil asasource of
carbon and energy. Bacillus subtilisand Micrococcus
sp. utilized thecrude oil at ahigher rate compared to
other bacterial isolates. Similarly Pencilliumsp. uti-
lized the crude oil at aconsiderably higher rate than
other fungd isolates.

TABLE5: Countsof total fungi oil polluted soil amended
with groundnut shells.

Incubation Fungal counts (10" CFUg™)
period (days) A B C
0 12.0 7.0 15.0
7 8.0 9.0 13.0
14 6.0 8.5 16.0
21 10.0 12.0 18.0

28 6.0 15.0 8.0

A = soil + crude qil; B = sail + crude ail + groundnut shells; C
= sail only

TABLE 6 : Rate of biodegradation of crude oil ion soil
amended with groundnut shells

Incubation Weight loss of crude ail (%)?
period (days) A B

7 10.0+0.5 850+0.6

14 200+1.2 3480+1.2

21 28.0+1.0 52.20+0.7

28 4420+ 1.4 60.90+ 0.9

3Mean of Triplicates; A = soil + Crude oil; B = sail + crude oil
+ groundnut shells

DISCUSSION

Groundnutsshellsand soil used for bioremediation
in this study harbor different types of bacteriaand
fungi. Thecrudeail utilizing bacterid identified from
this waste and soil were species of Micrococcus,
Bacillus, Pseudomonas and Acinetobacter. These
organisms have beenimplicated in crudeoil biodeg-
radation by severa investigatorg®>'¢19, However Ba-
cillus species was the predominant bacterial species
isolated. Thismay beduetothefact that bacillusform
sporeswhich help the organismto survive harsh envi-
ronmental conditions.

TABLE 7: Utilization of crudeoil by microbial isolates

Growth in crude oil medium
+++

Microbial isolates
Micrococcus sp.

Bacillus sp. ++
Pseudomonas sp. ++
Bacillus subtilis +++
Bacillus megaterium ++
Acinetobacter sp. ++
Bacillus firmus

Aspergillus niger +
Penicillium sp. 4+
Aspergillus flavus ++
Aspergillus sp. +
Rhizopus stol onifer

Fusarium sp. +
Saccharomyces sp. +

+++: Heavy growth; ++: Moderategrowth; +: Minimal growth;
-: No growth.

Thebacteriawereableto utilize crudeoil asasole
source of carbon and energy. Bacillus sp. and Micro-
coccus sp. degraded thecrudeoil a considerably high
rates probably due to the fact that the organism has
efficient degradative enzyme systems. The study aso
identified thefollowing fungi speciesinthe groundnut
shellsPencillium, Aspergillus, Fusariumand Mucor.
Thefung aresmilar tothoseisolated from chickendrop-
ping and which had the ability to degrade crude 6il®.

The groundnut shellsused in thisstudy contained
appreciablequantitiesof nitrogen and phosphorus. This
might bedueto thefact that it isaleguminous plant.
These nutrients are necessary for microbial degrada-
tionof oil intheenvironment. Bioremediation studies
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revealed that therates of oil breakdowninthesoil in-
creased with timein soil amended with groundnut shell
compared to that of unamended soil. Thismay bedue
to thenutrient (nitrogen and phosphorus) present inthe
groundnut shellswhich might have been easily released
into the soil for use by the oil degrading microorgan-
isms. Itisalso possiblethat crude oil degrading bacte-
riainherent in groundnut shells contributed to thebio-
degradation process.

Thevariousbacteria isolates degraded the crude
oil a varying degrees. Itisclear from the results ob-
tained that groundnuts shell isagood material for re-
clamingcrudeoail polluted soil. Itsuseinreclamingail
polluted soil might a so to some extent solvethe prob-
lem of solidwastedigposd intheNigerian environments.
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