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ABSTRACT

The effect of crude oil on the physicochemical props of sandy loam soil amended with cocoa posk fand
plantain peels was carried out in the DepartmenGefetics and Biotechnology, University of Calab@ajabar.
Top soil (0-15cm depth) was randomly collected ffoar points, bulked to form composite sample,esieand two
kilogrammes each were weighed into thirty six jptabtickets, which were then polluted with 250mtrofde oil.
The plastic buckets were labeled in single form Qz@00CPH, 500CPH, COL400PP, 500PP), and in combined
forms (COG, 200CPH + 200PP, 250CPH + 250PP), with the contslPG, PG, PG; (0g) without crude oil. The
amendments were applied and soil samples takenasglihe (before and after pollution) and 90 dayteraf
treatment. The result shows that the organic carbefore and after pollution of the soil were 1.29® and
6.42+40.03 respectively and the pH of the soil befand after pollution were 5.2040.10 and 5.90+0r&8pectively.
The result of this study shows that the pH valdethe treated soil was 7.9040.06 and 8.1010f06 400CPH,
500CPH respectively, 7.4040.06 and 7.80:04&&d 7.40+0.06for 400PP, 500PP respectively and 7.240.01 and
7.4040.06 for 200CPH+200PP, 250CPH+250PP respectively as carag with the crude oil controls (COC)
5.8940.03. The result of percentage organic carbmntent of the soil after treatment were 2.800d&&
2.4540.01for 400CPH and 500CPH respectively, 3.26:0&id 2.9940.02for 400PP, 500PP respectively and
2.8540.06 and 2.6240.04 for 200CPH + 200PP, 250CPH + 250PP respectivaly,compared with the crude oil
control (COC1) 5.9840.04. This result thus suggistt cocoa pod husk due to its buffering capaista good
bioremediating agent that should be used in the-atgion of petroleum hydrocarbons in regions wherey is an
oil spill.
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INTRODUCTION

Crude oil production and exploitation is a majourse of income for the Nigerian economy. Petrolquovides
about 90% of the export earnings and serves asapyimw materials for the chemical industries. filgh demand
for petroleum products in the form of cooking gagiation fuel, gas oil, engine lubricating oil, asft and coal tar
means increase in production and this eventualdulte in oil spills and hydrocarbon contaminatioh tie

environment especially through oil well blow owtnker accidents, accidental rupture of pipelingsraatine clean
up operations [1, 2]. The spill of petroleum argdptoducts has led to profound terrestrial and tigjgavironmental
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degradation, especially in oil producing commumiti€he impact on terrestrial environment rangesfeesthetic
quality modification to death of sensitive biotjmesies.

One of the environmental challenges posed by diufion is the alteration in the physical and cheahinature of
the soil which subsequently affects the growthlahfs [3]. Petroleum hydrocarbon contamination mffigct plants
by retarding seed germination and reducing heigietn density, photosynthetic rate and biomass sultieg in
complete mortality [4].

The environmental consequences of oil pollutionnuost agricultural lands have turned hitherto proidecareas
into wastelands, with increasing soil infertility@ to the alteration of physicochemical propertieshe soil, and
dwindling agricultural productivity thus has led tedundancy of farming and fishing activities réisxgl in urban
and rural migration, in oil producing area duelte attendant economic downturn [5]. The degredlafnpact also
depends on various factors, such as the type amdirgnof oil, the extent of oil coverage, the plapecies, the
season of the spill, the soil composition, and ftaghing rate. Oiled shoots of crops like peppédrap cocoyam,
yams and tomatoes may wilt and die off due to kdgekof stomata thereby inhibiting photosynthes@dpiration
and respiration. In fact, germination, growth parfance and yield of these crop stifled by oil s [6]. This
present study is aimed at utilizing cocoa pod huglkantain peels and it combination in restoring the
physicochemical properties of soil after intengpediution with crude oil.

MATERIALSAND METHODS

Experimental design

Top soil (0-15cm depth) was randomly collected frimur points, using a dutch auger, bulked to foreomposite
sample and two kilogram each of the composite sesnwkre weighed and transferred into thirty sixeled plastic
buckets (PB) with drainage holes at the base, gldggith cotton wool to retain the soil [7]. The §tia buckets
were arranged in triplicate in a completely randzadi design. Crude oil (Bonny light) obtained frongé&tia Agip
oil Company, Port-Harcourt, River State, Nigeriasvapplied as the pollutant. 250ml of crude oil aaplied to
each plastic bucket labeled in single form (GOMOCPH, 500CPH, CQC400PP, 500PP), and in combined forms
(COC3, 200CPH + 200PP, 250CPH + 250PP), with tmrabas PG, PG, PG (0g) without crude oil. The oil was
thoroughly mixed with the soil in the plastic butkeand the set up were allowed to stand for onekwee
acclimatization between the soil and the oil. Atbee week post- contamination the amendments wapieed and
mixed thoroughly with the soil. 250mls of distillater was applied every one week in other to adpesimoisture
content of each sample to 60% of the soil moishalding capacity [8].

Laboratory analysis
Sampling was done on day Zero (before crude oitazomation), day 8 after contamination, 90 daysrafteatment
regime. Soil sample were collected using dutch aagd taken to the laboratory for physicochemical.

Determination of physicochemical properties of sail

Estimation of physicochemical parameters was dasiaguthe method of [9]. The following parametersreve
analyzed: moisture, organic carbon, particle siiteogen, phosphorus, potassium, magnesium, sodiluminum,
hydrogen, pH, exchangeable cation exchange capaaitg saturation and electrical conductivity.

Statistical analysis
Collected data was subjected to analysis of vaeiaffdNOVA) test using 3-factor factorial in a Comigky
Randomized Design (CRD). Mean were separarated Wsiast significant difference LSD test

RESULTS

Baseline physicochemical properties of the soil.

The result of baseline physicochemical propertfesod before and after contamination with crudeas presented
in Table 1 shows that the pH of the unpolluted palluted soil was 5.20 #.10 and 5.90 + 0.10 respectively. The
organic carbon for unpolluted and polluted soil wag9 + 0.02% and 6.42 + 0.03% respectively. Thalto
hydrocarbon carbon content for unpolluted and pedluwas 28.00 + 2.64mgkgand 1056.44 + 7.65mgKy
respectively and the soil was identified and cldssesandy loam.
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Table 1 Baseline physiochemical properties of soil before and after contamination of crude oil

Parameters Before contamination  After contamination
Moisture (%) 11.52+0.10 10.27 +0.06
Sand (%) 84.30+0.76 83.6 £0.40
Silt (%) 9.70 £ 0.06 8.8+0.32

Clay (%, 6.00 £ 0.58 76+0.1

Ph 5.20+0.10 5.90 £ 0.10
Org. C (%) 1.29+0.02 6.42 +£0.03
Total N (% 0.11+0.01 0.07 £0.0
Avail. P (mgkg') 37.7£0.26 2.03£0.03

Ca (Cmolkg') 2.00 £0.15 2.4+0.10

Mg (Cmolkc™) 1.00+0.10 0.8+ 0.0

K (Cmolkgh)s 0.45+0.01 0.76 +0.01

Na (Cmolkg') 0.11+0.01 0.13+0.01
Al*(Cmolkc™) 0.95 +0.03 1.50 + 0.0

H* (Cmolkg?) 1.00+0.06 1.80+0.06
ECEC (Cmolkg) 3.56 +0.05 4.09+0.25

BS (%) 45.22 +0.75 1932+1.3

E C (ds/m) 0.62 £0.02 0.35+0.05
THC (mgkg") 28.0£2.64 1056.44 + 7.65
Texture Sandy loam Sandy loam

Table2 Macronutrientsin Cocoa pod husk and Plantain peels

Parametel Cocoa pods hu:  Plantain pee
pH 7.2 6.C

Organic carbon (%) 29.53 42.29
Nitrogen (%) 2.80 2.45
Phosphorus (%) 0.32 0.34
Potassium (%) 0.72 0.64
Calcium (%) 1.2 0.76
Magnesium (%) 0.80 0.64

Physicochemical propertiesof crude oil amended soil

pH

The results obtained indicated that there wereifsignt differences (p< 0.05) among the variousoagastes used
in the study. The addition of 400g and 500g cocoé lpusk showed that the pH values obtained wefellasvs:
7.9+0.06 and 8.10£0.06 respectively, as compared %B80+0.01 and 5.89+0.03 of the pristine con&otl crude
oil polluted control respectively. The addition40g and 500g plantain peels to the polluted swived that the
pH values were as follows: 7.4+0.06 and 7.8+0.Cpeetively, as compared with 5.36£0.01 and 5.82*0{0the
pristine control and crude oil polluted control pestively and the addition of 400g and 500g cocod pusk +
plantain peels(1:1) to the polluted soil shows tha pH values were as follows: 7.2+0.10 and 7.d&0.
respectively, as compared with the pristine costantd crude oil polluted controls having the folilogvvalues:
5.31+0.01 and 5.80 £0.03 respectively. The resudicates that 400g and 500g of cocoa pod huskifgigntly
increases (p< 0.05) the pH of the soil than thecentrations of plantain peels and cocoa pod huglartain peels
(1:1) treated soil (Table 3).

Organic carbon

The organic carbon content of the treated soilypedl with crude oil shows that when 400g and 508gpa pod
husk were added to the soil the following mean &altere obtained: 2.80+£0.06 and 2.45+0.01 respédgtizes
compared with 1.29+0.01 and 5.92+0.04 of the préstontrol and crude oil polluted control. The &ddi of 400g
and 500g plantain peels to the polluted soil shoted the means values of organic carbon were kev&
3.26+0.01 and 2.99+0.02 respectively, as compaiitid 1/30+0.01 and 5.98+0.03 of the pristine contmot crude
oil polluted. When 400g and 500g cocoa pod huskantpin peels (1:1) were added to the polluted tha&l mean
values of organic carbon were as follows: 2.85+0a0@ 2.62+0.04 respectively, as compared with thistipe
control and crude oil polluted control values whighre 1.31+0.02 and 5.98+0.04 respectively. Théslteshows
that 5009 of cocoa pod husk significantly reduges@.05) the organic carbon content of the soihtplantain peels
and cocoa pod husk + plantain peels (1:1) (Table 3)
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Table 3 Physicochemical parameters of crude oil polluted soil amended with cocoa pod husk, plantain peelsand cocoa pod husk and plantain peels

Cocoa pods husks Plantain pzeel Cocoa pods husks + plantain peels
Parameter PC CcoG 4009 5009 PC COG, 4009 5009 PC COG 4009 5009
Moisture (%) 19.6%0.10 21.89+0.06  28.454+0.55 27.85+0.65 20.64+0.1 22.12+0.06 24.65+0.25  29.580.17 18.99+0.10 21.55+0.06  30.2%+0.07 34.89+0.32
Sand (%) 83.980.31 84 +0.76 83.9+0.40 82.50+0.26 82.96+0.31 83.56+0.76 79.140.25 78.9+0.35 83.58+0.31 81.55+076  81.9+0.72 82.2+0.21
Silt (%) 8.70+0.06 9.20+0.10 8.6+0.10 11.70+0.57 8.78+0.06 9.10+0.10 12.4+0.23 11.7+0.31 8.99+0.06 9.29+0.10 11.7+0.42 10.8+0.30
Clay (%) 7.46+0.06 7.70+0.06 7.3+0.06 5.40+0.06 8.26'+0.06 7.34+0.06 8.5(+0.10 9.4+0.15 7.43+0.06 9.16+0.06 6.4+0.06 7.07+0.25
pH 5.30+0.01 5.89+0.03 7.9+0.06 8.10+0.06 5.36+0.01 5.87+0.02 7.440.06 7.8+0.06 5.31+0.01 5.80+0.03 7.2+0.10 7.440.06
Org. C (%) 1.29:0.01 5.97+0.04 2.80+0.06 2.45+0.01 1.36+0.01 5.98+0.03 3.26+0.01 2.99+0.02 1.3%+0.02 5.89+0.04 2.85+0.06 2.6Z+0.04
Total N (%) 0.16+0.01 0.09'+0.01 0.30°+0.01 0.33+0.01 0.15+0.01 0.07+0.01 0.24+0.01 0.28+0.01 0.16+0.01 0.08+0.01 0.32+0.01 0.45+0.05
Avail. P (mgkg') 39.8+0.06 7.66'+0.04 60.50+0.51 63.47+0.19 40.9+0.06 7.78+0.04 18.28+0.27  14.25+0.11  38.7+0.06 7.44+0.04 28.5+0.25 32.30+0.69
Ca (Cmolkg) 2.17+0.06 2.23+0.06 12.60+0.15 17.40+0.31 2.10+0.06 2.2(f+0.06 6.30+0.06 7.0°+0.26 2.17+0.06 2.24+0.06 6.2+0.15 6.5+0.10
Mg (Cmolkg?) 1.00+0.15 0.90+0.06 1.4040.01 3.20+0.10 1.1040.15 0.80+0.06 1.2040.10 1.4040.10 1.00+0.15 0.90+0.06 1.8+0.15 2.5°+0.10
K (Cmolkg?) 0.43+0.02 0.29+0.02 0.22+0.01 0.21°+0.01 0.42+0.02 0.28+0.02 0.19+0.01 0.20+0.01 0.£+0.02 0.30+0.02 0.18+0.01 0.20+0.01
Na (Cmolkg") 0.09+0.01 0.17+0.02 0.17+0.01 0.13+0.01 0.10+0.01 0.17+0.02 0.17+0.01 0.17+0.01 0.09+0.01 0.13+0.02 0.10+0.01 0.17+0.01
Al®* (Cmolkg?) 0.99+0.01 1.00+0.15 0.02+0.01 0.01°+0.00 0.98+0.01 0.07+0.15 0.08+0.01 0.02+0.01 0.98+0.01 1.00+0.15 0.11°+0.01 0.07°+0.01
H* (Cmolkg?) 1.27+0.06 1.58+0.12 0.12+0.01 0.09+0.02 1.2(+0.06 1.60+0.12 0.14+0.01 0.11°+0.01 1.19+0.06 1.50+0.12 0.21°+0.01 0.19+0.01
ECEC (Cmolkd) 3.61+0.02 3.50+0.01 14.33+0.04 20.94+0.67 3.63+0.02 3.51+0.01 8.23+0.06 8.71%+0.04 3.67+0.02 3.53+0.01 8.28+0.06 9.37+0.05
EC (ds/m) 0.6%0.01 0.34+0.01 1.37+0.01 1.26+0.01 0.68+0.01 0.33+0.01 1.27+0.00 1.57+0.00 0.67+0.01 0.37+0.01 1.22+0.01 1.67+0.01
BS (%) 39.66+0.04 25.69+0.15  99.09+0.06 99.670.15 39.6F+0.04 25.7%0.15 97.18+0.05 98.5T+0.03  39.60+0.04 25.70+0.15  97.10+0.04 97.21+0.04
Texture Sandy loam Sandy loam Sandy loam Sandy loa Sandy loam Sandy loam Sandy loam Sandy loam Saady Sandy loam Sandy loam Sandy loam

Mean followed with the same superscript along damfizontal array indicate no significant differenfe> 0.05)
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Total nitrogen

The result showed that the mean values of totedbgein from 400 and 500g cocoa pod husk amendegaitited

with crude oil were as follows: 0.30+0.01 and 0.8384 respectively, as compared with 0.16+0.01 af€4D.01 of
the pristine control and crude oil polluted. Theliidn of 400 and 5009 of plantain peels in thdyted soil showed
that the mean values of total nitrogen were a®fiadt 0.24+0.01 and 0.29+0.01 respectively, as coetpavith

0.15+0.01 and 0.07%0.01 of the pristine control anade oil polluted control. When 400 and 500g of@a pod
husk + plantain peels (1:1) were added to the peadlsoil the mean values of total nitrogen obtaimexdte as
follows: 0.32+0.01 and 0.45+0.05 respectively, asipared with the pristine control and crude oilyteld controls:
0.16+0.01 and 0.09+0.01 respectively. This resudidate that 500g of CPH+PP (1:1) significantlgremses (p<
0.05) the nitrogen content of the soil as compavitll other amendment used for these study (Table 3)

Available phosphorus

The result obtained from this study showed thatntlean value for the addition of 400 and 500g cqmuhhusk to
the polluted were as follows: 60.50+0.51 and 63012% respectively, as compared with 39.8+0.06 af6+0.04
of the pristine control and crude oil polluted gohtThe addition of 400 and 5009 plantain peelshtpolluted soil
showed that the mean values of the available ptuwwephobtained were as follows: 18.28+0.27 and #0258
respectively, as compared with 40.9+0.06 and 7.7Bk®f the pristine and crude oil polluted contawid the
addition of 400 and 500g cocoa pod husk + plamperis(1:1) to the polluted soil showed that the nmues for
available phosphorus were as follows: 28.5+0.25 280+0.69 respectively as compared with theipgstontrol
and crude oil polluted control which were as falto 38.7£0.06 and 7.44+0.04 respectively. This ltesdicate
that 400g and 500g of cocoa pod husk significaimtyeases (p < 0.05) the phosphorus content oktiilethan
plantain peels and cocoa pod husk + plantain pesdted soil (Table 3).

Potassium

The result obtained showed that the mean valuethéraddition of 400 and 500g cocoa pod husk topttikited

soil were as follows: 0.22+0.01 and 0.21+0.01 resipely, as compared with 0.43+£0.02 and 0.2910.02he

pristine control and crude oil polluted control pestively. The addition of 400g and 500g plantagelp showed
that the mean values of the potassium content agffellows: 0.19+0.01 and 0.20£0.01 respectivetycampared
with 0.42+0.02 and 0.28+0.02 of the pristine coh#ied crude oil polluted control respectively. Tdadition of 400
and 500g cocoa pod husk + plantain peels (1:1) sHotlat the potassium content of the treated seievas
follows: 0.184£0.01 and 0.20+0.02 respectively asnpared with the pristine controls and crude oillyged

controls: 0.41+0.02 and 0.30£0.02 respectivelyesSehresults indicate that they were significanticédn (p< 0.05)
in the potassium content of the treated soil aspawed with their controls (Table 3).

DISCUSSION

Stimulated biodegradation of crude oil is at prédsring encourage because it ensures rapid rereediat oil-

polluted ecosystem [1]. [10] Stated that pH is edpminant factor in estimating the rate of crudéimdegradation
in polluted soil. The result of this study as preed in table 2 shows that the pH values for préeséind crude oil
polluted but unamended soil samples were genevétlyin the acidic range (5.20-5.90). The applicatiaf the

amendments changes the pH of the soil to alkalitle avrange of 7.2-8.1. Alkalization of the soil svabserved in
all the amended soil used during this experimehis Tesult implies that the amendments have stharfering

effect, since strong acidic soil is a limitation hmremediation. [11] reported a pH range of 6.&-&r optimum
mineralization of hydrocarbons. Thus the pH valee®rded during this study are suitable for bioreiaiton.

However, it was also observed that the exchangeaditiity of the soil reduces in the amended solijlevthe
exchangeable cations such as magnesium, calciuasgdom and sodium increases with a base saturaige of
97-99% against the pristine and crude oil pollided with a base saturation range of 19-61%. Biodeation of
petroleum hydrocarbons occur rapidly in all the adexl soil with a progressive decreased in orgaarban
content. High reduction in the organic carbon whseoved in soil amended with 500gram of cocoa pek land
500grams combination of cocoa pod husk + Plantaglsp It was observed that the organic carbon ocbagod
husk was significantly reduced compared to otheeradment. It can thus be said that cocoa pod hus&egs the
remediating potentials in degrading crude oil pekusoil. [12] reported that cocoa shells are paldrly efficient in
the removal of lead from acidic solutions; theyoatlemonstrated that the removal of metals causgeckne in
solution proton concentration (pH increase) aneéast of calcium, magnesium, potassium and sodiam fhe
cocoa shell. [7] observed that poultry droppingd aassava peels possess strong bioremediationtiptgden the
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reduction of organic carbon in the soil. The degtimh of crude oil polluted soil was highly enhati¢brough the
amendment having high nitrogen and phosphorus wiich essentially needed for stimulating petroleum
hydrocarbon degraders to degrade the hydrocarfdis.study also has it that the amended soil irsggadhe total
nitrogen and phosphorus level in the soil. Thusait be said that this waste are good remediatiegtagith the
ability of stimulating the fertility of the soil fogrowing of crops. The success of bioremediatiaulel not be
effectively achieved if the remediating agent iole to restore the contaminated ecosystem forgprgmwing of
crops. Cocoa pod husk have proven through this worke one of the best option in remediating crode
contaminated environment and thus should be ustttinleanup of oil spill in oil producing area.
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